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Potential negative effects 
of the installation of video 
surveillance cameras in raptors’ 
nests
Pascual López‑López 

Video surveillance cameras installed on birds’ nests are a cost‑effective tool to study many aspects of 
ecology and behaviour that would otherwise be practically impossible to obtain. However, although 
most studies report neutral effects of cameras on birds, very few studies analyse in detail the potential 
negative effects of their use, particularly on raptors. Here, using a long‑term database of a population 
of Bonelli’s eagle (Aquila fasciata) collected from 2000 to 2022, I show how the inappropriate use of 
video surveillance cameras could result in negative effects on the reproduction of a threatened species 
through a before‑and‑after control‑impact study design. Pairs under video surveillance showed lower 
productivity, lower breeding success and unusual delayed laying dates. The installation of cameras 
close to the laying date, coinciding with the mating phase of individuals, most of them subadult 
inexperienced birds; in combination to the reiteration of visits to the nests once the cameras were 
installed to check the system, particularly during the incubation period and early stages of breeding; 
and the installation of cameras in a particular area subject to constant human disturbance, might 
explain these results. Potential management actions to mitigate the effect of the installation of 
video cameras on birds’ behaviour should include the need to plan the intervention dates, testing 
the systems beforehand under controlled conditions and adequate post‑installation monitoring 
to avoid unnecessary disturbance to animals. Finally, I urge the scientific community to report the 
potential negative effects observed in their studies, especially if the target species are threatened with 
extinction.

The use of video surveillance cameras installed on nests is a cost-effective tool to study many aspects of the breed-
ing ecology and behaviour of  birds1. The use of camera traps, trail cameras, video cameras, and other remote 
monitoring devices has made it possible to investigate many aspects of the reproductive ecology of birds that 
would otherwise be difficult to address through direct  observation2. In particular, the use of remote cameras 
installed in nests allows for getting detailed information on animal behaviour including continuous monitoring 
throughout the breeding  season3–5, nest predator  identification6–8, prey  identification4,9–13, behavioural studies 
of nesting  birds14–19; and even to promote public participation in citizen science projects to study birds’  diet20.

Remote monitoring of nests using electronic devices is a technique with decades of experimentation. The 
first studies date back to the fifties of the last  century21,22 and technological innovations have allowed significant 
advances in improving both the quantity and the quality of the images received, going from the first prototypes 
based on 35 mm photographic cameras to video surveillance cameras remotely controlled that allows real-time 
monitoring and public access through the Internet (review  in23). Although most studies report neutral effects 
of the use of cameras inside nests (e.g.,5,18,24–27), very few studies report the possible potential effects that the 
installation of electronic devices inside nests might cause on behaviour (e.g. avoidance, decrease in the frequency 
of visits to the nest, nest abandonment) or direct and indirect effects on breeding performance (e.g. increase 
or decrease in predation risk, reduction in productivity of remotely-monitored nests). For example, among 
the few studies that exist about this topic, some have reported evidence that the use of camera equipment may 
reduce nest predation  rates28, might bias data collected on predator identity (review  in29), or even could cause 
nest abandonment in extreme  cases30. Other studies, in turn, show that, in general, the cameras provide inter-
esting valuable results but alter the behaviour of breeders, at least  temporarily13, whereas others report shorter 
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habituation time in those birds with more experience in front of the  cameras31. Ultimately, several studies report 
technological limitations and usual technical failures that make it necessary to check the cameras continuously, 
with the potential risk of disturbance at  nests31–33.

At the end of 2020, upon the request of some forest rangers, the regional government of the Valencian 
Community (Generalitat Valenciana, Spain) began a project consisting of the installation of video surveillance 
cameras in Bonelli’s Eagle (Aquila fasciata) nests in the south of the Castellon province (eastern Spain) to study 
eagles’ diet. This species is currently highly threatened in Spain, being the only species of a large bird of prey 
that is experiencing an effective regression of its population in many parts of the  country34. Specifically, at the 
regional level, the species has gone from being considered a “vulnerable” species to “endangered of extinction” 
in the Valencian  Community35. This change in risk category was based on a population viability analysis in 
which, fundamentally thanks to the combined use of GPS transmitters and long-term field monitoring, it was 
found that the population trend is compromised in the medium and long term due to a high pre-adult and adult 
mortality, analogous to that reported in other neighbouring geographic  regions36–38. In particular, since 2000, 
the Bonelli’s eagle population has suffered a decline of 48.6% in the region, with an observed reduction of the 
breeding population from 31 territories occupied in 2000 to 18 occupied in  202239,40. Specifically, in the south 
of this geographical region, video surveillance cameras were installed by the regional government in the latest 
two breeding seasons, in an area of high adult  mortality41 and where the recreational use of the environment 
for leisure activities has increased significantly in recent years, which has resulted in a significant increase in 
disturbance to wildlife in general and the endangered Bonelli’s eagle in  particular42.

Since the year 2000, I have been collecting an annual monitoring database of the Bonelli’s eagle population 
in the study area in which information on occupation, breeding performance and demographic parameters is 
systematically collected thanks to the combination of field monitoring techniques, bird ringing and telemetry 
 information39,41–43. Taking advantage of this long-term database, the objective of this work is to analyse the vari-
ation in the reproductive parameters of the Bonelli’s eagle through a before-and-after control-impact (BACI) 
 methodology44,45 in territories in which video surveillance cameras were installed and in control territories 
monitored by field observation throughout the 23-years study period. Once reported the results of this work, 
it is intended to inform the regional government about the possible causes that could be behind the decrease 
in breeding performance observed in pairs in which video surveillance cameras were installed. Furthermore, I 
discuss the advantages and potential drawbacks of the use of video-surveillance cameras to study raptors in a 
general context.

Methods
Study area. The study area is located in eastern Spain and includes the entire Castellón province. The area 
covers 6612  km2 and ranges in elevation from the sea level to 1814 m of the highest mountain. The climate 
is Mediterranean, with annual mean temperatures varying from 17  °C along the coast to 8  °C in the inner 
highlands. The dominant landscape is composed of Mediterranean scrublands dominated by Pistacia lentiscus, 
Rosmarinus officinalis, Chamaerops humilis, among others, oak forests (Quercus faginea, Quercus suber) and 
Mediterranean evergreen forests (Quercus ilex, Pinus halepensis, Pinus nigra and Pinus sylvestris). Further details 
on the description of the study area are available  at39,46,47.

Field information and breeding parameters. I have been monitoring Bonelli’s eagle population every 
year from 2000 to 2022. During each breeding season, all known and potential territories based on suitable habi-
tat for the  species47 were visited at least three times: one at the start of the breeding season in January–February 
to check occupancy, courtship behaviour and egg-laying; a second one at the middle of the breeding season in 
March–April to check early breeding failure, confirm the onset of reproduction and record the first chicks; and 
a third visit at the end of the breeding season in May–June to confirm breeding success and nestlings’ age based 
on feather  development48. All observations were made 300 m away from cliff nest sites with 20–60× field spot-
ting scopes (Leica Televid 77 and Swarowski AT80 telescope) during clear days to avoid disturbance to eagles. 
A territory was considered to be occupied if it was observed nests with green branches, typical pair behaviour, 
courtship, brood rearing activity or  nestlings39. Pair composition was also recorded. To this end, the age of the 
breeding individuals was recorded according to plumage characteristics. Birds were considered subadults if they 
were in their third and fourth calendar-year and adults if they were from the fifth calendar-year  onwards49. Juve-
niles in their first and second calendar-year do not breed since sexual maturity is usually reached in their third 
or fourth calendar-year. Once recorded field data, breeding information was summarized into the following 
reproductive parameters as usually reported in raptors’ literature: productivity = fledged chicks/pair; breeding 
success = successful pairs/pairs initiating reproduction (i.e., pairs that laid at least one egg or exhibit incubating 
behaviour) (further details  in39). Chicks were considered as fledged once reached the 80% of the normal develop-
ment (i.e., when they were older than 55 days old taking into account that the first flight usually takes place when 
chicks are between 65 and 70 days old).

Camera installation. Video surveillance cameras were installed by regional forest rangers in Bonelli’s 
eagle’s nests located in the “Sierra de Espadán” Natural Park and its surroundings (southern Castellón province) 
(Table 1). According to the combination of my field observations and the information requested to the regional 
environmental authorities in charge of the monitoring project (Generalitat Valenciana), four cameras were 
installed in late 2020 in four different territories and four cameras were installed in late 2021 in four additional 
territories. Detailed information on installation dates, operating years and specific issues reported by forest rang-
ers of each intervention is reported in the Table 1. According to the information facilitated by the environmental 
authorities, four cameras were operating all over the 2021 breeding season and eight cameras during the 2022 
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breeding season (Table 1). The cameras were installed inside the nests at a distance of between 1 and 3 m from 
the centre of the nest. In most cases, a single camera was installed in one nest within each of the monitored ter-
ritories per year. Nonetheless, in two cases, cameras were initially installed in one nest and were then removed 
and installed afterwards in a different nest once checked that the pair was arranging a different nest within the 
same territory. The cameras were powered by a solar panel connected to a battery or, in cases where there was no 
direct exposure to the sunlight, by a battery directly (Fig. 1; a detailed diagram of the video-monitoring system is 
available in Fig. S1, Supplementary Materials). The cameras sent the information to a device that sent the signal 
through the mobile telephone network and allows users to observe the images live. The solar panels, the batteries 
and the data transmission equipment were installed in the upper part of the cliff, just vertical to the nest (Fig. 1). 
All the nests were located on cliffs and to access nests it was necessary to descend into them by members of the 
work at height group of the regional forest rangers. Unfortunately, the specific brand as well as the technical 
details of the cameras, including the external dimensions of the whole camera set, the diameter of the objective 
or the type of illumination (e.g., infra-red wavelength) were not provided by the regional authorities despite the 
specific request made by the author of this study.

Statistical analysis. Descriptive statistics were computed as mean and standard deviation for all variables. 
Differences in productivity and breeding success before and after the installation of video surveillance cameras 
were tested through non-parametric Wilcoxon rank-sum tests with continuity correction. Generalized Linear 
Mixed Models (GLMM)50 were used to analyse the variation in productivity in relation to the installation of 
video surveillance cameras (“camera”), pair composition (“age”) and their interaction. Considering the nature of 
the dependent variable (i.e., count data ranging from zero chicks to two), the productivity was modelled using a 
Poisson distribution and log link. The variables “territory” and “year” were included as random terms to account 
for the non-independence of  data51. Five models were fitted: (i) a null model fitted only with random terms; 
(ii) and (iii) two models including the single effect of each predictor variable (“age” and “camera”), separately; 
(iv) a model including their additive effect (“age” + “camera”); and (v) a model including the combination of the 
additive effects and the potential multiplicative effects of the combination of variables of interest (e.g. “camera” 
* “age”). All models were computed using the package “glmmTMB” for  R52. The GLMMs were compared and 
ranked through an information-theoretical approach based on Akaike’s Information Criterion (AIC). The con-
ditional and marginal  R2 of all GLMMs were calculated using the lognormal approximation  following53 in order 
to assess the relative contribution of random and fixed effects through the R package “MuMin”54. All computa-
tions and figures were done in R version 4.1.2. (https:// www.r- proje ct. org) with the “ggplot2” package. Statistical 
significance was set at α < 0.05.

Table 1.  Summary information of the video-surveillance cameras installed to monitor Bonelli’s eagle 
reproduction in eastern Spain in 2021 and 2022.

Pair Installation date Operation year

2021 2022

Fledged chicks Observations Fledged chicks Observations

1 11/11/20 2021–2022 1 Unusual delayed laying date (14/03/21) 0
Pair members arrange the nest. No 
egg laying. Failure of the SIM card that 
needed reparation after camera instal-
lation

2 16/11/20 18/11/21 2021–2022 2 Unusual delayed laying date (17/03/21) 0
The two chicks die at the age of 3–4 days 
after a period of heavy rain. Power cable 
failure that needed reparation after 
camera installation

3 19/11/20 15/11/21 2021–2022 0 Pair members arrange the nest. No egg 
laying 0 Pair members arrange the nest. No egg 

laying. No technical issues

4 28/10/20 03/11/20 12/11/21 2021–2022 0
No egg laying. The pair changed the 
nest and moved to another cliff located 
4.35 km from the breeding site occupied 
in the last two decades

2 Successful reproduction in the new 
breeding site. Lack of phone signal

5 29/11/21 2022 2 No camera installed 2 Successful reproduction. No technical 
issues

6 19/11/21 2022 1 No camera installed 0
The only chick dies at the age of 16 days 
after a period of heavy rain. Lack of 
phone signal

7 16/11/21 2022 2 No camera installed 0
Pair members arrange the nest. No egg 
laying. The antennas were broken by Ibe-
rian ibex (Capra pyrenaica) and needed 
reparation after camera installation

8 17/11/21 2022 0 No camera installed 0

No egg laying. Lack of phone signal. 
Insufficient solar power supply that 
required the installation of a power 
battery. Eurasian Griffon Vultures (Gyps 
fulvus) usurp the nest after lack of egg 
laying of the pair

https://www.r-project.org
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Ethics declaration. All field methods were carried out in accordance with relevant guidelines and local 
regulations to avoid disturbance to birds. This is an observational study. Therefore, there is no need for the ethi-
cal approval of any licensing committee.

Results
Overall, 496 breeding attempts were recorded in 33 different territories in which 515 chicks fledged during the 
period 2000–2022. Population size decreased significantly from 31 occupied territories at the start of the study 
period to 18 occupied territories at the end (linear regression:  F1,21 = 358.7, p < 0.0001,  R2 = 0.945).

Two of the four pairs under video surveillance failed reproduction in 2021 and six of the eight pairs under 
video surveillance failed in 2022. One of these six pairs raised two chicks that died at the age of three and four 
days and other pair raised one chick that died at the age of 16 days after a short period of heavy rain. Most unsuc-
cessful pairs failed before egg laying, although most of them arranged their nest with green branches (detailed 
information in Table 1).

The two pairs under video surveillance that bred successfully in 2021 showed unusually delayed laying dates 
(14th March and 17th March) in comparison to the average laying date of the overall population (18th Febru-
ary ± 13 days; period: 2000–2022; N = 199). Furthermore, these laying dates were also delayed in comparison to 
the average laying dates of these particular territories all over the study period (21th February ± 16 days and 15th 
February ± 12 days, respectively). On the other hand, the two pairs under video surveillance that bred successfully 
in 2022 showed laying dates one within the average values of the population (7th February) and the other one 
unusually advanced (22th January) in comparison with the average values of the population. Nonetheless, these 
values were within the average values of the same territories all over the study period (21th February ± 17 days 
and 11th February ± 12 days, respectively).

Average productivity of the whole population was 1.04 ± 0.84 chicks/pair (n = 496; period 2000–2022). Con-
sidering all territories, overall average productivity did not vary in the study area before (1.03 ± 0.84 chicks/pair, 
n = 460; period: 2000–2020) and after (1.14 ± 0.93 chicks/pair, n = 36; period: 2021–2022) the installation of 
video surveillance cameras (Wilcoxon test: W = 7653, p = 0.422). Considering the two breeding seasons in which 
surveillance cameras were operating (2021 and 2022), there were no general differences in productivity between 
years (2021: 1.17 ± 0.92 chicks/pair, n = 18; 2022: 1.11 ± 0.96 chicks/pair, n = 18; W = 166.5, p = 0.889). However, 

Figure 1.  Video surveillance camera (circled in red) installed in a Bonelli’s eagle nest in eastern Spain (top 
panel). Solar panel and wiring (red arrow) installed just in the vertical of the same nest about 15 m above 
(bottom panel). In this case, the nest was arranged with green branches although the pair eventually failed 
reproduction. Pictures taken through field spotting scope on 4th April 2022. Credit: Pascual López.
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in the same period, there were significant differences in the productivity between territories under video surveil-
lance (2021: 0.50 ± 0.58 chicks/pair, n = 4; 2022: 0.50 ± 0.93 chicks/pair, n = 8) and those without video surveillance 
(2021: 1.36 ± 0.93 chicks/pair, n = 14; 2022: 1.60 ± 0.70 chicks/pair, n = 10) (W = 223, p = 0.002) (Fig. 2).

Considering the whole dataset, the results of the multi-model comparison of the GLMM showed that the two 
top-ranked models (i.e., those with ΔAICc values within two units) included the age and camera as predictors. 
The two top-ranked models showed one differences in productivity among territories in relation to pair composi-
tion (i.e., lower productivity in nests occupied by two subadults or by one adult and one subadult in comparison 
to those occupied by two adults); and the other one the additive effect of pair composition and the installation of 
video surveillance cameras (i.e., lower productivity in video-surveilled nests) (Table 2). Fixed effects of the two 
top-ranked models explained 87.19% and 87.78% of the overall variance  (R2

marginal = 0.8719 and  R2
marginal = 0.8778), 

respectively; and 87.70% and 88.23% of the variance was explained by the entire model, including both fixed and 
random effects  (R2

conditional = 0.8770 and  R2
conditional = 0.8823), respectively. Remarkably, those nests under video 

surveillance showed the lowest values of productivity across the long-term (23-years) temporal dataset (Fig. 2).
Average breeding success was 66.80% ± 12.92 successful pairs all over the study period (2000–2022). Consid-

ering the period in which video surveillance cameras were installed (2021–2022), pairs under video surveillance 
showed lower average breeding success (mean = 33.33%, n = 12) than pairs without cameras (mean = 79.17%, 
n = 24).

Figure 2.  Annual variation in Bonelli’s eagle average productivity measured as fledged chicks per nest in the 
Castellón province (eastern Spain) from 2000 to 2022. Error bars show standard error. The number of pairs per 
year is shown at the bottom of the plot. Those nests under video surveillance (blue) showed the lowest values of 
productivity across the long-term temporal dataset. The productivity values are descriptive statistical values, not 
estimates yielded by any model.

Table 2.  Model comparison results of the Generalized Linear Mixed Models (GLMMs) of the productivity 
(measured as the number of chicks per nest) versus the installation of video surveillance cameras, pair 
composition, and the interaction between pair composition and the installation of cameras. The productivity 
was modelled using a Poisson distribution and log link. The variables “territory” and “year” were included as 
random terms to account for non-independence of data. df degrees of freedom, logLik log-likelihood, AICc 
Akaike Information Criterion for small samples, ΔAICc differences between  AICc values of each model versus 
the best model, AICw Akaike weight, R2

m marginal  R2, R2
c conditional  R2.

Rank Model df logLik AICc ΔAICc AICw R2
m R2

c

1 Age 5 − 466.963 944.087 0.000 0.560 0.872 0.877

2 Camera + age 6 − 466.306 944.837 0.751 0.385 0.878 0.882

3 Camera + age + camera * age 8 − 466.173 948.733 4.647 0.055 0.877 0.881

4 Camera 4 − 618.428 1244.938 300.851 0.000 0.015 0.074

5 Null model 3 − 620.136 1246.320 302.234 0.000 0.000 0.029
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Discussion
Video surveillance cameras are a useful and practical tool to study many aspects of ecology and animal behaviour 
that would otherwise be practically impossible to  obtain1. Today, thanks to technological advances, they constitute 
a cost-effective tool and their application and usefulness have been demonstrated over several decades of use, as 
reported in the  literature32,55. Although most studies report neutral effects of cameras on  birds5,17,25,27, or directly 
assume no effects without a formal test for it, very few studies analyse in detail the potential negative effects of 
their use, particularly on raptors. The advantages of using video cameras in nests are evident. However, as with 
all technologies, they have their limitations and drawbacks. Among them, it should be noted that the analysis 
of the images obtained through video surveillance is time-consuming since it requires long hours of viewing 
the recordings to obtain the data. In addition, the fact that they have to be installed outdoors inevitably exposes 
the technology to environmental conditions that are sometimes adverse (e.g., rain, wind, hail, humidity, salinity 
conditions or even the presence of other species that can alter the system such as herbivores and rodents) and 
for which the technology has not been originally designed, particularly in most cases where the equipment is 
readapted to operate outdoors. To this fact must be added the difficulty of camera installation, especially in the 
case of working at height such as on cliffs or trees where many species of birds nest (e.g. raptors). This entails 
the need to have to fine-tune all the parameters before installation, since any repair or readjustment that has 
to be done afterwards implies access to nests in the middle of the breeding season, coinciding with the most 
sensitive period for bird  reproduction56. In this paper, thanks to the availability of a database obtained through 
long-term monitoring of a population of Bonelli’s eagle, I show how the inappropriate use of video surveillance 
cameras could result in negative effects on the reproduction of a threatened species. Far from being a critique 
of technology, this paper analyses the effect of video surveillance camera installation on reproduction and then 
discusses what factors might be behind the statistically significant reduction in breeding performance observed.

According to the results of this work, the installation of cameras in Bonelli’s eagle nests has caused a reduc-
tion in the productivity and breeding success of the territories under video surveillance. My results show no 
differences in breeding performance between the years 2021–2022, when cameras were operating, but signifi-
cant differences in breeding parameters between territories under video surveillance and those without video 
surveillance in the same period. Considering the overall dataset (period: 2000–2022), there were no differences 
in breeding performance before and after the installation of video cameras. When all variables were taken into 
account, the results of the GLMM showed significant differences in productivity among territories in relation 
to the installation of video surveillance cameras and pair composition. Pairs composed of two subadult birds or 
by one subadult and one adult bird were less likely to be successful in reproduction, which is in agreement with 
the general pattern reported in  this39,57,58 and other  eagles59,60.

Interestingly, the installation of video surveillance cameras might affect the laying date. The two pairs that bred 
successfully of the four monitored in the first year showed an unusual delay in the laying date. Subsequently, the 
recovery on laying dates within the normal regime in the next breeding season might be attributed to the effect 
of habituation by the  eagles31. Furthermore, in the case of the four pairs that were subjected to video surveillance 
in consecutive years, one of them changed the nest in the first breeding season to another cliff located 4.35 km 
from the usual breeding site; the second pair failed to breed in 2022 when it had two chicks in the nest, possibly 
due to a heavy rainstorm; the third pair, the one that unusually delayed reproduction in 2021, did not lay eggs 
in 2022; and the fourth pair did not lay eggs in either of the 2 years.

The potential causes of the observed reduction in breeding performance remain unknown. Based on the legal 
rights to access to environmental information in Spain, I requested the regional administration (Generalitat 
Valenciana) detailed information on the Bonelli’s eagle video surveillance project. Unfortunately, the technical 
specifications of the whole monitoring system (e.g., brand of the cameras, dimensions of the whole camera set, 
type of illumination) and, specifically, about the number of interventions done in each eagle’s territory once 
cameras were installed were not provided. Nevertheless, according to the specific information included in the 
forests rangers’ report and my field experience with the species all over the 23-years study period, I would take 
into account the following facts: (i) the installation of video cameras by forest rangers took place at the end of the 
year (Table 1), hence close to the laying date, coinciding with the mating phase that usually extends between 1 
and 3 months before the laying date (from November to January in the study area) after the onset of the juvenile 
dispersal period of the chicks raised the previous year; (ii) the reiteration of visits to the nests once the cameras 
were installed to check the system (i.e., cables, cleaning of solar panels, unseating of the camera) or readjust 
the parameters (e.g., focus range of the camera), particularly during the incubation period and early stages of 
breeding (author’s personal observation); (iii) the installation of cameras in a particular area subject to constant 
human disturbance which results in larger home range and higher energy expenditure during some days of the 
week as reported  by42; (iv) the installation of cameras in nests of unexperienced pairs composed by at least one 
subadult bird, with the consequent lower breeding  experience39,57,58; and (v) a potential lack of experience in 
work at height of the team of forest rangers in charge of installing the cameras, which resulted in long operating 
times and the need to repeat new visits once the equipment was installed.

In some cases, breeding failure took place after the pair arranged the nest, even though no egg laying was 
observed. In other cases, video-surveilled pairs failed reproduction after incubation and egg hatching, when 
chicks were in the firsts week of development. Technical failures including the failure of the SIM card, power 
cable failure, lack of phone signal and even the deterioration of the antennas by herbivores made necessary 
reparation after camera installation. This implied repetitive visits the top of the cliff where the antennas and the 
transmission system were installed or even the nest. This reiteration of visits, along with the occurrence of natural 
events such as heavy rainstorm that affected the entire population during critical stages of the breeding season 
(i.e., when chicks were small with limited ability to termorregulation), in combination to the pair composition 
(i.e., some of the video-surveilled pairs were composed by at least one subadult bird, with the consequent lack of 
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breeding experience) could potentially explain the decrease in breeding performance of video-surveilled pairs 
in comparison to non-surveilled pairs.

Management recommendations. This paper is not intended to critique video camera technology for 
nest monitoring. On the contrary, the technology used by experienced researchers with clear scientific objec-
tives constitutes an ideal complement to fieldwork. Therefore, this study is aimed at warning of the risks that 
the inadequate use of technology could have on endangered species if the necessary cautions are not taken into 
account. This includes the requirement of establishing clear scientific objectives, which were absent in this case. 
For example, the study of Bonelli’s eagle diet, which was the main justification for the installation of cameras in 
Bonelli’s eagle nests by the regional government, has been a topic deeply studied for decades (e.g.12,61–72, among 
many others). Therefore, the timeliness and novelty of the intervention, if other goals are not considered, could 
also be questioned.

In order to avoid unnecessary adverse effects, potential management actions to mitigate the effect of the 
installation of video cameras in nests on birds’ behaviour would include the need to plan the intervention dates 
in advance, separating them as much as possible from the mating period of the eagles. It would be also convenient 
to test the systems beforehand under controlled conditions or with non-threatened species in which a reduc-
tion in reproduction could not have significant effects on population dynamics. Ultimately, the post-installation 
monitoring is critical in order to avoid unnecessary disturbance to eagles and to ensure positive outcomes. In 
agreement with a similar study on the golden eagle (Aquila chrysaetos), cameras must be used judiciously because 
camera installation creates a persistent manipulation at the  nest13. In addition, the use of video cameras should 
only be used as part of well-planned scientific studies, and researchers should follow protocols that minimize 
disturbance to eagles during installation and post-operational functioning.

Finally, I urge the scientific community to report the potential negative effects observed in their studies of 
the use of video surveillance cameras in bird nests, especially if the target species are threatened with extinction.

Data availability
Due to the current endangered status of the species, data on nest locations are not publicly available. All data 
used in this study are available upon reasonable request to the author (Pascual López-López).

Received: 14 June 2022; Accepted: 9 December 2022

References
 1. Ribic, C. A., Thompson, F. R. & Pietz, P. J. Video Surveillance of Nesting Birds (University of California Press, 2012).
 2. O’Brien, T. G. & Kinnaird, M. F. A picture is worth a thousand words: The application of camera trapping to the study of birds. 

Bird Conserv. Int. 18, S144–S162 (2008).
 3. Kristan, D. M., Golightly Jr, R. T. & Tomkiewicz Jr, S. M. A solar-powered transmitting video camera for monitoring raptor nests. 

Wildl. Soc. Bull. 24, 284–290 (1996).
 4. Grubb, T. An infrared video camera system for monitoring diurnal and nocturnal raptors. J. Raptor Res. 32, 290–296 (1998).
 5. Margalida, A. et al. A solar-powered transmitting video camera for monitoring cliff-nesting raptors. J. Field Ornithol. 77, 7–12 

(2006).
 6. Bolton, M., Butcher, N., Sharpe, F., Stevens, D. & Fisher, G. Remote monitoring of nests using digital camera technology. J. Field 

Ornithol. 78, 213–220 (2007).
 7. Pierce, A. J. & Pobprasert, K. A portable system for continuous monitoring of bird nests using digital video recorders. J. Field 

Ornithol. 78, 322–328 (2007).
 8. Benson, T. J., Brown, J. D. & Bednarz, J. C. Identifying predators clarifies predictors of nest success in a temperate passerine. J. 

Anim. Ecol. 79, 225–234 (2010).
 9. Lewis, S. B., Fuller, M. R. & Titus, K. A comparison of 3 methods for assessing raptor diet during the breeding season. Wildl. Soc. 

Bull. 32, 373–385 (2004).
 10. Rogers, A. S. Quantifying Northern Goshawk diets using remote cameras and observations from blinds. J. Raptor Res. 39, 303–309 

(2005).
 11. Tornberg, R. & Reif, V. Assessing the diet of birds of prey: A comparison of prey items found in nests and images. Ornis Fenn. 84, 

21 (2007).
 12. López-López, P. & Urios, V. Use of digital trail cameras to study Bonelli’s eagle diet during the nestling period. Ital. J. Zool. 77, 

289–295 (2010).
 13. Harrison, J. T., Kochert, M. N., Pauli, B. P. & Heath, J. A. Using motion-activated trail cameras to study diet and productivity of 

cliff-nesting Golden Eagles. J. Raptor Res. 53, 26–37 (2019).
 14. McRae, S. B., Weatherhead, P. J. & Montgomerie, R. American robin nestlings compete by jockeying for position. Behav. Ecol. 

Sociobiol. 33, 101–106 (1993).
 15. Nathan, A., Legge, S. & Cockburn, A. Nestling aggression in broods of a siblicidal kingfisher, the laughing kookaburra. Behav. 

Ecol. 12, 716–725 (2001).
 16. Grivas, C. et al. An audio–visual nest monitoring system for the study and manipulation of siblicide in bearded vultures Gypaetus 

barbatus on the island of Crete (Greece). J. Ethol. 27, 105–116 (2009).
 17. Gula, R., Theuerkauf, J., Rouys, S. & Legault, A. An audio/video surveillance system for wildlife. Eur. J. Wildl. Res. 56, 803–807 

(2010).
 18. Sanaiotti, T. M., Seixas, G. H., Duleba, S. & Martins, F. D. Camera trapping at harpy eagle nests: Interspecies interactions under 

predation risk. J. Raptor Res. 51, 72–78 (2017).
 19. Allen, M. L., Inagaki, A. & Ward, M. P. Cannibalism in raptors: A review. J. Raptor Res. 54, 424–430 (2020).
 20. Academia, M. H. & Dalgleish, H. J. Use of nest web cameras and citizen science to quantify osprey prey delivery rate and nest 

success. J. Raptor Res. 56, 212–219 (2022).
 21. Gysel, L. W. & Davis, E. M. A simple automatic photographic unit for wildlife research. J. Wildl. Manag. 20, 451–453 (1956).
 22. Royama, T. A device of an auto-cinematic food-recorder. Jpn. J. Ornithol. 15, 172–176 (1959).
 23. Cox, W. A. et al. Development of camera technology for monitoring nests. In Chapter 15. Video Surveill. Nesting Birds Stud. Avian 

Biol. (eds Ribic, C. A. et al.) 185–210 (Univ. Calif. Press, 2012).



8

Vol:.(1234567890)

Scientific Reports |        (2022) 12:21969  | https://doi.org/10.1038/s41598-022-26153-7

www.nature.com/scientificreports/

 24. Sanders, M. D. & Maloney, R. F. Causes of mortality at nests of ground-nesting birds in the Upper Waitaki Basin, South Island, 
New Zealand: A 5-year video study. Biol. Conserv. 106, 225–236 (2002).

 25. Reif, V. & Tornberg, R. Using time-lapse digital video recording for a nesting study of birds of prey. Eur. J. Wildl. Res. 52, 251–258 
(2006).

 26. McKinnon, L. & Bêty, J. Effect of camera monitoring on survival rates of High-Arctic shorebird nests. J. Field Ornithol. 80, 280–288 
(2009).

 27. Powell, L. A., Giovanni, M. D., Groepper, S. R., Reineke, M. & Schacht, W. H. Attendance Patterns and Survival of Western Mead-
owlark Nests (University of California Press, 2012).

 28. Herranz, J., Yanes, M. & Suárez, F. Does Photo-Monitoring Affect Nest Predation? J. Field Ornithol. 73, 97–101 (2002).
 29. Richardson, T. W., Gardali, T. & Jenkins, S. H. Review and meta-analysis of camera effects on avian nest success. J. Wildl. Manag. 

73, 287–293 (2009).
 30. Cain, S. L. Nesting activity time budgets of Bald Eagles in southeast Alaska. (1985).
 31. García-Salgado, G. et al. Evaluation of trail-cameras for analyzing the diet of nesting raptors using the Northern Goshawk as a 

model. PLoS ONE 10, e0127585 (2015).
 32. Swann, D. E., Kawanishi, K. & Palmer, J. Evaluating types and features of camera traps in ecological studies: a guide for researchers. 

In Camera Traps in Animal Ecology 27–43 (Springer, 2011).
 33. Dykstra, C., Meyer, M. & Warnke, D. Bald Eagle reproductive performance following video camera placement. J. Raptor Res. 36, 

136–139 (2002).
 34. Del Moral, J. C. & Molina, B. El águila perdicera en España, población reproductora en 2018 y método de censo (SEO/BirdLife, 2018).
 35. Generalitat Valenciana. Orden 2/2022, de 16 de febrero, de la Conselleria de Agricultura, Desarrollo Rural, Emergencia Climática 

y Transición Ecológica, por la que se actualizan los listados valencianos de especies protegidas de flora y fauna (2022).
 36. Real, J. & Mañosa, S. Demography and conservation of western European Bonelli’s eagle Hieraaetus fasciatus populations. Biol. 

Conserv. 79, 59–66 (1997).
 37. Hernández-Matías, A. et al. From local monitoring to a broad-scale viability assessment: A case study for the Bonelli’s Eagle in 

western Europe. Ecol. Monogr. 83, 239–261 (2013).
 38. Rollan, A. et al. Guiding local-scale management to improve the conservation of endangered populations: The example of Bonelli’s 

Eagle Aquila fasciata. Bird Conserv. Int. 31, 395–409 (2021).
 39. López-López, P., García-Ripollés, C. & Urios, V. Population size, breeding performance and territory quality of Bonelli’s Eagle 

Hieraaetus fasciatus in eastern Spain. Bird Study 54, 335–342 (2007).
 40. López-López, P. Informe científico valoración de la inclusión del águila perdicera como especie en peligro de extinción en el 

Catálogo Valenciano de Especies de Fauna Amenazadahttps:// doi. org/ 10. 13140/ RG.2. 2. 32806. 04166 (2021).
 41. López-López, P., Perona, A., Egea-Casas, O., Morant, J. & Urios, V. Tri-axial accelerometry shows differences in energy expenditure 

and parental effort throughout the breeding season in long-lived raptors. Curr. Zool. 68, 57–67 (2022).
 42. Perona, A. M., Urios, V. & López-López, P. Holidays? Not for all Eagles have larger home ranges on holidays as a consequence of 

human disturbance. Biol. Conserv. 231, 59–66 (2019).
 43. Morollón, S., Urios, V. & López-López, P. Fifteen days are enough to estimate home-range size in some long-lived resident eagles. 

J. Ornithol. 163, 849–854 (2022).
 44. Stewart-Oaten, A., Murdoch, W. W. & Parker, K. R. Environmental impact assessment:" Pseudoreplication" in time?. Ecology 67, 

929–940 (1986).
 45. Underwood, A. Beyond BACI: The detection of environmental impacts on populations in the real, but variable, world. J. Exp. Mar. 

Biol. Ecol. 161, 145–178 (1992).
 46. López-López, P., García-Ripollés, C., García-López, F., Aguilar, J. M. & Verdejo, J. Patrón de distribución del águila real Aquila 

chrysaetos y del águila-azor perdicera Hieraaetus fasciatus en la provincia de Castellón. Ardeola 51, 275–283 (2004).
 47. López-López, P., García-Ripollés, C., Aguilar, J. M., Garcia-López, F. & Verdejo, J. Modelling breeding habitat preferences of Bonelli’s 

eagle (Hieraaetus fasciatus) in relation to topography, disturbance, climate and land use at different spatial scales. J. Ornithol. 147, 
97–106 (2006).

 48. Gil-Sánchez, J. Effects of altitude and prey availability on the laying date of Bonelli’s Eagles (Hieraaetus fasciatus) in Granada (SE 
Spain). Ardeola 47, 1–8 (2000).

 49. Forsman, D. Flight Identification of Raptors of Europe, North Africa and the Middle East (Bloomsbury Publishing, 2016).
 50. Zuur, A. F., Ieno, E. N., Walker, N. J., Saveliev, A. A. & Smith, G. M. Mixed Effects Models and Extensions in Ecology with R Vol. 574 

(Springer, 2009).
 51. Harrison, X. A. et al. A brief introduction to mixed effects modelling and multi-model inference in ecology. PeerJ 6, e4794 (2018).
 52. Brooks, M. E. et al. glmmTMB balances speed and flexibility among packages for zero-inflated generalized linear mixed modeling. 

R J. 9, 378–400 (2017).
 53. Nakagawa, S. & Schielzeth, H. A general and simple method for obtaining R2 from generalized linear mixed-effects models. 

Methods Ecol. Evol. 4, 133–142 (2013).
 54. Barton, K. MuMIn: Multi-Model Inference. R package version 1.46.0. (2022).
 55. Cutler, T. L. & Swann, D. E. Using remote photography in wildlife ecology: A review. Wildl. Soc. Bull. 27, 571–581 (1999).
 56. Richardson, C. T. & Miller, C. K. Recommendations for protecting raptors from human disturbance: A review. Wildl. Soc. Bull. 

25, 634–638 (1997).
 57. Balbontin, J., Penteriani, V. & Ferrer, M. Variations in the age of mates as an early warning signal of changes in population trends? 

The case of Bonelli’s eagle in Andalusia. Biol. Conserv. 109, 417–423 (2003).
 58. Martinez, J. A. et al. Breeding performance, age effects and territory occupancy in a Bonelli’s eagle Hieraaetus fasciatus population. 

Ibis 150, 223–233 (2008).
 59. Sánchez-Zapata, J., Calvo, J., Carrete, M. & Martínez, J. Age and breeding success of a Golden Eagle Aquila chrysaetos population 

in southeastern Spain. Bird Study 47, 235–237 (2000).
 60. Ferrer, M., Penteriani, V., Balbontin, J. & Pandolfi, M. The proportion of immature breeders as a reliable early warning signal of 

population decline: Evidence from the Spanish imperial eagle in Donana. Biol. Conserv. 114, 463–466 (2003).
 61. Cano, A. & Parrinder, E. Studies of less familiar birds, Bonelli’s Eagle. Br. Birds 54, 422–427 (1961).
 62. Blondel, J., Coulon, L., Girerd, B. & Hortigue, M. Deux cents heures d’observation aupre‘s de l’aire de l’Aigle de Bonelli Hieraaetus 

fasciatus. Nos Oiseaux 30, 37–60 (1969).
 63. Vaucher, C. Notes sur 1’ethologie de I’Aigle de Bonelli. Nos Oiseaux 31, 101–111 (1971).
 64. Elósegui, J. Informe preliminar sobre alimentación de aves rapaces en Navarra y provincias limítrofes. Ardeola 19, 249–256 (1974).
 65. Cheylan, G. L. place trophique de l’Aigle de Bonelli Hieraaetus fasciatus dans les biocénoses méditerranéennes. Alauda 45, 1–15 

(1977).
 66. Palma, L., Cancela da Fonseca, L. & Oliveira, L. L’alimentation de l’aigle de Bonelli Hieraaetus fasciatus dans la coˆte portugaise. 

Rapinyaires Mediterranis 2, 87–96 (1984).
 67. Real, J. Biases in diet study methods in the Bonelli’s eagle. J. Wildl. Manag. 60, 632–638 (1996).
 68. Gil-Sánchez, J. M., Molino, F., Valenzuela, G. & Moleón, M. Demografía y alimentación del Águila-azor Perdicera (Hieraaetus 

fasciatus) en la provincia de Granada. Ardeola 47, 69–75 (2000).

https://doi.org/10.13140/RG.2.2.32806.04166


9

Vol.:(0123456789)

Scientific Reports |        (2022) 12:21969  | https://doi.org/10.1038/s41598-022-26153-7

www.nature.com/scientificreports/

 69. Ontiveros, D., Pleguezuelos, J. M. & Caro, J. Prey density, prey detectability and food habits: The case of Bonelli’s eagle and the 
conservation measures. Biol. Conserv. 123, 19–25 (2005).

 70. Moleón, M. et al. Large-scale spatio-temporal shifts in the diet of a predator mediated by an emerging infectious disease of its 
main prey. J. Biogeogr. 36, 1502–1515 (2009).

 71. Resano-Mayor, J. et al. Diet–demography relationships in a long-lived predator: From territories to populations. Oikos 125, 262–270 
(2016).

 72. Di Vittorio, M. et al. Long-term changes in the breeding period diet of Bonelli’s eagle (Aquila fasciata) in Sicily, Italy. Wildl. Res. 
46, 409–414 (2019).

Acknowledgements
I would like to thank C. García, F. García, J.M. Aguilar, J. Verdejo, J.M. Lozano and R. Prades for their help in 
fieldwork and I. Estellés for her valuable suggestions to improve the first draft. Special thanks to the regional 
government (Generalitat Valenciana) for the support all over the study period. Two anonymous reviewers made 
valuable suggestions that improved the quality of the original version of the manuscript.

Author contributions
Conceptualization, methodology, study design, fieldwork, data analysis, manuscript draft preparation and revi-
sion: P.L-L.

Funding
Fieldwork on long-term breeding monitoring was self-financed throughout the study period (2000–2022) and 
partially supported by the Wildlife Service of the Valencian Community regional government (Generalitat 
Valenciana, Spain) during 2005, 2019, 2020 and 2021 field seasons.

Competing interests 
The author declares no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 26153-7.

Correspondence and requests for materials should be addressed to P.L.-L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-26153-7
https://doi.org/10.1038/s41598-022-26153-7
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Potential negative effects of the installation of video surveillance cameras in raptors’ nests
	Methods
	Study area. 
	Field information and breeding parameters. 
	Camera installation. 
	Statistical analysis. 
	Ethics declaration. 

	Results
	Discussion
	Management recommendations. 

	References
	Acknowledgements


