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The abundance and the diversity of insects in Europe have declined considerably during recent decades, while it remains unclear whether similar changes may also have occurred elsewhere. Here we used citizen science for quantifying the abundance of flying insects on windshields of cars across Europe and to a smaller extent in China. We used the abundance of insects killed against windshields of cars during 3,530 transects for a total distance of 83,019 km made by 50 observers as estimates of insect abundance. A total of 124,606 insects were recorded, or approximately 1.5 insect per km. The abundance of insects killed against windshields was highly repeatable among days for the same locality, showing consistent estimates of abundance. The main determinants of insect abundance were features of cars (driving speed and car model that can be considered noise of no biological significance), local weather (temperature, cloud cover and wind speed) and variation across the season and the day. We tested for differences in the abundance of flying insects killed on windshields of cars predicting and finding (1) a reduction in insect abundance in areas with ionizing radiation at Chernobyl compared to uncontaminated control sites in the neighborhood, (2) a reduction in the abundance of flying insects in Western compared to Eastern Europe, (3) a reduction in the abundance of flying insects killed on windshields from southern to northern Europe compared to latitudinal samples of insects from southern to northern China, and (4) a difference in abundance of insects killed on windshields of cars in Spain with a significant interaction between Spain and Denmark. Thus a number of abiotic and biotic factors accounted for temporal and spatial heterogeneity in abundance of insects, providing a useful tool for monitoring and studying determinants of spatial and temporal patterns of insect abundance. This also implies that our estimate of insect abundance may be relevant for the study of competition and for interactions at higher trophic levels.
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INTRODUCTION

Surveys of insects have shown recent reductions in abundance by as much as 80%, even in nature reserves (Hallmann et al., 2017; Møller, 2020). These changes have been attributed to climate change, altered farming practice, changed land-use and underlying associated factors (Vogel, 2017). While some studies have documented large reductions in abundance of insects (Hallmann et al., 2017; Møller, 2020; Nyffeler and Bonte, 2020), others have shown smaller declines or no declines at all (Conrad et al., 2002, 2006; Shortall et al., 2009; Fox et al., 2014). This raises questions about the generality of these patterns, but also the underlying mechanisms accounting for such effects. In other words, which factors account for such effects, and which taxa differ in reductions of abundance?

Biodiversity and abundance generally show latitudinal gradients although the causes of such differences among taxa are poorly known (e.g., Rohde, 1992; Møller, 2020). A number of hypotheses has been proposed to account for such gradients, including differences in life history, in particular generation time, and differences in the relative importance of interspecific interactions. Thus, we investigated the predictors that potentially account for reductions in abundance of insects.

A decrease in the abundance of insects in recent decades makes it important to identify the factors that account for such spatial and temporal patterns (Hallmann et al., 2017; Møller, 2020). Several not mutually exclusive factors may cause reductions in insect abundance (Taylor, 1974; Pomfret et al., 2000; Poulin et al., 2010; Nocera et al., 2012). Changes in agricultural land-use and increased use of pesticides (Pomfret et al., 2000; Poulin et al., 2010; Hallmann et al., 2014) appear to have reduced the abundance of insects, and, therefore, also the abundance of insectivorous birds because the latter rely on flying insects as food (Hallmann et al., 2017; Vogel, 2017; Møller, 2019). Here we tested for effects of climate, and its spatial and temporal heterogeneity, on insect abundance using surveys of insects on cars as a method for the quantification of flying insects.

Many monitoring programs following the abundance of living beings at local, national and international scales have been conducted since the 1960s. They are currently financed by national and international census programs to provide extensive and reliable monitoring data (Blondel et al., 1970; Møller, 1983; Bibby et al., 2005; Voříšek et al., 2010). Such surveys mainly monitor birds nationally and across continents such as North America and the European Union. Similar programs exist for spiders Nyffeler and Bonte, 2020, butterflies, mammals and many other organisms (see the monitoring programs run by Museum National Histoire Naturel, Paris, France as an example). Survey sites are assumed to be randomly located and their locations geographically unbiased, although that is rarely tested explicitly. We are unaware of such explicit tests, and, therefore, we performed such tests. Surveys of birds and other living beings rely on the assumption that findings are consistent among days and hence provide repeatable findings. Such repeatability is required for tests of consistency across taxa and trophic levels. Here we provide such repeatability tests for insect counts obtained from the abundance of flying insects killed on the windshield of cars in an attempt to assess the assumption that survey sites provide repeatable findings.

We used extensive transects with cars to quantify the number of insects killed against windshields (Møller, 2013, 2019, 2020). This method has previously been verified as providing reliable information from cross-validations using three different methods [sweep-nets (Møller, 1987, 2001, 2019, 2020), sticky traps (Teglhøj, 2017) and feeding rates of nestling barn swallows Hirundo rustica (Møller, 2013)].

Citizen science has only rarely been used to quantify the abundance of flying insects, and the abundance of prey for flying insects. This method was first utilized by Møller (2013), who showed a decline in wind speed during 1997–2011 at Kraghede (Denmark) during July, but not during the months April-August. These studies showed that the abundance of insects on windscreens was highly repeatable, as was the duration of the pre-laying period of the second brood. Years with adverse weather had lower abundance of insects before laying and lower breeding success decreasing with wind speed. The number of insects sampled was repeatable among sampling events. There was also a high repeatability when relating insect abundance measured with sweep-nets and insects on windscreens. Finally feeding rates of barn swallows were highly repeatable when comparing abundance of insects with abundance on car windscreens (Møller, 2013).

The abundance of insects depended on ambient temperature, time of day and the interaction between temperature and time of day (Møller, 2019; Figure 1). A more extensive study by Møller (2019) showed a reduction by more than 80% in the abundance of insects on windscreens between 1997 and 2017. Because aerial insectivorous birds almost exclusively rely on flying insects for food, we should expect that the number of breeding pairs increased with increasing abundance of insects. That was indeed the case for barn swallows, sand martins and house martins (Møller, 2019; Figure 2).
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FIGURE 1. Box plots of the number of insect sampled with a car in Chernobyl and in uncontaminated control areas in Europe. The box plots show median, quartiles, 5- and 95-percentiles and extreme values. Observations are jittered to make all observations visible.
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FIGURE 2. Box plots of the number of insect sampled with a car in Eastern and Western Europe. The box plots show median, quartiles, 5- and 95-percentiles and extreme values. Observations are jittered to make observations visible.


This simple so-called “splatometer” method described above relies on insects killed on the windscreen of cars. The Royal Society for Protection of Birds adopted this method first in 2004. A total of 324,814 insects were recorded on the windscreens of cars participating in the project, or on average 1 killed insect per 5 miles, or one insect per 8.045 km. A repeat of the project in 2019 revealed 1 insect per 10 miles or 16,090 km, or 0.125 insects per km. However, we note that this study statistically speaking only had two observations (a mean value in 2004 and another in 2019) making it difficult to draw any conclusions. Surveys of flying insects by Kent Wildlife Trust, Kent, United Kingdom under the direction of Dr. Paul Tinsley-Marshall, were performed in 2019. This innovative citizen science project using “splatometer” tests found 50% fewer insects in 2019 than in 2004. In Kent there were 50% fewer insects in 2019 with a value of 0.2 insects per mile in 2004 to 0.1 insects per mile in 2019, or 0.063 insects per km. The decline by 50% could be due to different causes including changes in pesticide use, altered morphology of windscreens of cars or changes in habitats between pairs of observation points in time. Finally, age of cars contributed to explain the abundance of killed insects with more recent car models being associated with more killed insects.

The hypothesis to be tested was that environmental conditions affected the size of insect populations. We did so by testing eight biologically meaningful predictions. First, we tested whether the abundance of insects is related to features of cars such as driving speed, car model and windscreen size and shape, which may differ in angle and area. Second, we tested whether insect abundance is related to local weather as reflected by temperature, cloud cover and wind speed that are all known to have an impact on insect abundance. Third, we tested whether insect abundance increased during spring and during the day as expected from timing of emergence of insects. Fourth, we tested whether insect abundance is reduced in Chernobyl compared to uncontaminated control sites nearby, since numerous organisms show reduced population density under radiation exposure (Møller and Mousseau, 2009, 2018; Bezrukov et al., 2015). Fifth, whether there was a higher density of insects in Eastern than in Western Europe due to less intensive agriculture in eastern Europe (Tucker and Heath, 1994; Donald et al., 2001; Schimmelfenning and Sedelmeier, 2005; Reif et al., 2011). Sixth, whether there are fewer insects in Europe than at comparable latitudinal sampling transects in China. Seventh, we tested if there was a reduction in insect abundance between 1997 and 2018 in study sites Denmark and in Spain. These two areas with multiple study sites were chosen because they provide estimates of insect abundance used for food by insectivorous birds from 1997 to 2018 (Møller, 2019). Eighth, whether there was an increase in insect abundance with increasing longitude because climatic conditions during the breeding season deteriorate toward the east.



MATERIALS AND METHODS


Paired Designs

Heterogeneous field data are often difficult to analyze due to the many factors affecting the conclusions. We attempted to match paired samples whenever possible because differences between such pairs will tend to be similar in most respects.



Study Sites

This study is part of a citizen science project (Crain et al., 2014) on the determinants of the abundance of insects using the windshield of cars as a sampling device (Møller, 2013, 2019, 2020). The criteria used for inclusion of participants in this study are similar to the criteria for inclusion of participants among ornithologists in national or European, Asian or North American bird census programs. The only criterion was that participants are knowledgeable naturalists.

Study sites were chosen by participants following requests for participation from amateurs who had previously expressed interest in this project (Figure 3). Participants were not asked to drive more than they usually did for their profession and their spare time interests. Thus, study sites were located where participants lived. We asked more than 1,000 amateurs in the ornithology literature for participation, and all interested persons were asked to make contact through a web site with information in Danish and English (insect.count.dk).
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FIGURE 3. Map of the distribution of sampling sites for insects with cars in Europe and Asia. The size of circles is proportional to the number of samples. The map was created using ArcGIS 10.1 (ESRI, 2012).


Eastern and Western European countries were categorized with Eastern countries being those belonging to the former communist countries and Western European countries constituting the remainder. This categorization is similar to what has been used in previous studies of the reasons for differences in population trends of birds between Eastern and Western Europe (Reif et al., 2011).

Our study sites in China covered a large number of transects along a latitudinal gradient from Hainan in the south to Xinjiang and Inner Mongolia in the north. The latitudinal gradient was located along localities that were part of a latitudinal study of the brood parasitic common cuckoo Cuculus canorus in China. This gradient in China was compared with a similar gradient in Europe.

We surveyed birds in Chernobyl along roads within the Chernobyl Exclusion Zone where we have conducted research during 1991–2019. Ambient radiation at Chernobyl has a patchy distribution that ranges by more than a factor 50,000 with contaminated and clean sites often being separated by distances of just a few hundred meters. We conducted insect transects in Chernobyl using a categorization of level of ionizing radiation more or less than 0.10 μSv/h as the ambient ionizing radiation level. This criterion has been used previously in other studies that we have conducted (Møller and Mousseau, 2009, 2018; Bezrukov et al., 2015). We obtained radiation estimates from our measurements and cross-validated these with measurements by the Ministry of Emergencies.

We measured α, β, and γ radiation at ground level directly at each transect using a handheld dosimeter (Model: Inspector, SE International, Inc., Summertown, TN, United States). We measured levels several (2–3) times at each site and averaged the measurements. Our data were validated with correlation against data from the governmental measurements published by Shestopalov (1996), estimated as the midpoint of the ranges published. This analysis revealed a strong positive relationship (linear regression on log–log transformed data), suggesting that our estimates of radiation provided the same ranking of levels of radiation as did published estimates. The measurements by the Ministry of Emergencies were obtained by repeated standardized measurement of radiation at the ground level in a large number of different localities in Ukraine.

Radiation levels vary considerably at very short geographical distances due to heterogeneity in the deposition of radiation after the Chernobyl accident (Shestopalov, 1996). Our measurements at the transects ranged from 0.10 to 135.89 μSv/h.



Web Site and Web Site Contents

A web site named insect.count.dk was established on February 1 2018 with information on the project in Danish and English, its purpose, a contact email address and a dedicated excel data sheet for entering data.

We published an article in the Danish popular bird journal Fugle & Natur with a circulation of more than 16,000 on May 1 2018.

We asked national natural history or ornithology web sites for participants. These sites included web sites for citizen scientists in Finland, Belgium and Spain.

At the start of surveys the participants were asked to clean the windshield to ensure that no insects were present at the start of a transect. The data sheet requested information on locality, GPS coordinates as latitude and longitude for the start location, date, month, time of day, temperature (°C), wind (Beaufort units), precipitation (mm rain), cloud cover (in units of 0.125) (thus all weather information was recorded locally), number of insects counted on the windshield upon arrival, distance driven (km), speed of car (km/h), windshield area (height and width in cm) and car model.

Participants were only asked to survey insects when driving on roads that they would otherwise have driven for other purposes including their profession and for spare time activities. Hence participants were not asked to make detours in order to participate. There were no restrictions on the number of times that a survey of a given transect could be made nor to the landscapes and habitats along the roads. Surveys were made February–October 2018–2020.



Statistical Analyses

First, we visually inspected the distributions of the data for and deviations from normality or other frequency distributions such as binomial or poisson distributions depending on the distribution of data. Second, analyses of insect data and information on car features, climate and spatial and temporal variation were made using Generalized Linear Models (GLM). Third, data were inspected for goodness of fit to ensure that distributions did not deviate from normality. All statistical models, covariates, distributions of data link functions and fixed effects are reported in Supplementary Table 1. Fourth, we calculated repeatabilities and the associated SE using the equations in Becker (1984), Falconer and Mackay (1996), and Bell et al. (2009). The significance level was set to 0.05.

There was no evidence of collinearity between variables as revealed by variance inflation factors all being less than 5 (McClave and Sincich, 2003). All analyses were made using JMP (SAS, 2012).



RESULTS


Summary Statistics for Insects

A total of 50 observers participated in the study with the number of transects per observer ranging from 1 to 963 transects, mean (SE) = 71.265 transects per observer (25,237). The total number of transects was 3,530 with a mean (SE) number of insects of 35.289 insects per transect (SE = 5.883), or in total 124,567 insects. Transects were 1.0–1,125 km long, with a mean (SE) = 23.518 km (0.778), or in total 83.01 km. Thus, there was between 0 and 420.333 insects per km, on average 1.329 insects per km, SE = 0.249. Transects were made between February 3 and October 6, mean June 23, SE = 0.8 days.

Nine factors explained variation in the abundance of insects accounting for 52% of the variance (Table 1). Features of cars could affect the abundance of insects killed on windshields. The number of insects should increase with faster driving speed. If cars drive faster, there should be more insects killed as we actually observed here [Test 1; Supplementary Table 1; LR = 8.049, df = 1, p = 0.0046, estimate (SE) = 0.00062 (0.00022), 95% CI = 0.00019, 0.0010]. There were also significant differences among car models in number of insects killed on windshields. If windshields differ in angle and other properties for different models of cars, we should expect such variation to be eliminated by inclusion of car brand as a random factor.


TABLE 1. Generalized Linear Mixed Model (GLMM) of the abundance of insects in relation to wind speed, temperature, date, distance, longitude, latitude, Chernobyl, Western or Eastern Europe and China or Europe.
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Spatial Consistency in Estimates of Insect Abundance

It is an underlying assumption of surveys of all living beings that such surveys provide consistent and reliable information on abundance and diversity of organisms. We tested for consistency in abundance of insects with log10-transformed number of insects as response variable and locality as predictor variable for the 3,530 transects with two or more estimates for all 724 localities in a standard least squares regression. The model had the statistics F = 14.086, df = 722, 2806, r2 = 0.71, p < 0.0001, repeatability R (SE) = 0.727 (0.008). In a second model we predicted log10-transformed number of insects as response variable and locality, longitude, distance, date, temperature and wind as predictors. The model had the statistics F = 15.864, df = 674, 2660, r2 = 0.750, p < 0.0001. This model had as repeatability for abundance of insects of 0.739 (0.008). These repeatabilities for localities were highly consistent showing that the abundance of insects was very similar within localities among days.



Weather and Abundance of Insects

Insects are ectothermic and higher ambient temperatures should thus advance phenology [Test 2; LR = 5.759, df = 1, p < 0.0001, estimate (SE) = –0.005 (0.0002), 95% CI = –0.0083, 0.0008 mm]. Higher wind speed reduced the abundance of insects [Test 3; LR = 26.501, df = 1, p < 0.0001, estimate (SE) = –0.034 (0.007), 95% CI = –0.047, –0.021]. More extensive cloud cover should reduce temperature and hence reduce the abundance of insects as observed in the present study [test 4; LR = 26.306, df = 1, p < 0.0001, estimate (SE) = –0.177 (0.034), 95% CI = 0.245, 0.110].



Temporal Trends in the Abundance of Insects

Insect abundance should increase in spring as temperature increased. There was a significant positive relationship between date and insect abundance when controlling for windshield area, car model, speed, cloud cover, wind, temperature, time, distance and latitude (Test 5; Table 1).

We should expect more insects around noon than early in the morning or late in the evening when it is colder. There was a significant positive linear relationship between time of day when controlling for windshield area, car model, speed cloud cover, wind, temperature, time, distance and latitude [Test 6; LR = 8.130, df = 1, p = 0.0044, estimate (SE) = 0.005 (0.002), 95% CI = 0.0014 0.0075], and there was also a significant quadratic effect as predicted [Test 7; LR = 7.995, df = 1, p 0.0047, estimate (SE) = – 2.741 10–6 (9.687 10–6), 95% CI = –4.54 10–6, –8.418 10–6].



Spatial Abundance of Insects in Chernobyl and Eastern Europe

There were significantly fewer insects in contaminated areas at Chernobyl with more insects per km driven than in control areas in Eastern Europe (Figure 2; Test 8; Table 1). A number of other variables were controlled statistically in this analysis (Supplementary Table 1). There were more insects in Eastern than in Western Europe (Figure 4; Test 9; Table 1).
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FIGURE 4. Box plots of the number of insects sampled with a car in China and Europe. The box plots show median, quartiles, 5- and 95-percentiles and extreme values. Observations are jittered to make observations visible.


We predicted a latitudinal trend in the abundance of insects in both countries because of latitudinal differences in productivity (Møller, 2020). There was a significant latitudinal increase in the abundance of insects (Test 10; Table 1). That was also the case separately for the abundance of insects in Europe (Test 11; Table 1). There was significantly more insects in China than in Europe independent of latitude (Figure 5; Test 12; Table 1). Finally, there was an increase in the abundance of insects with longitude (Table 1).
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FIGURE 5. Box plots of the number of insects sampled with a car for Denmark and Spain in 1997 and 2018. The box plots show median, quartiles, 5- and 95-percentiles and extreme values. Observations are jittered to make them visible.




Temporal Trends in Abundance of Insects

Insect abundance was larger at Badajoz, Spain than at Kraghede, Denmark (Figure 5 and Table 2). However, there was no significant difference in insect abundance between 1997 and 2018 (Figure 5 and Table 2). In contrast, there was a significant interaction between country and year (Table 2). The variance in abundance of insects was larger in Spain than in Denmark (Table 2). The abundance of insects was 32% smaller in Denmark than in Spain, and 40% smaller in 2008 than in 1997 as shown by the interaction profiler. These results suggest that there was a in abundance of insects in Denmark, while there was no such decline in Spain.


TABLE 2. Generalized Linear Model (GLM) of number of insects in relation to country (Spain or Denmark), year (1997 or 2018) and country by year interaction in a model with normally distributed data and an identity link function.
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DISCUSSION

The present study was based on extensive surveys of almost 124,500 km roads for a total of almost 35,500 flying insects mainly across Europe and China. Previous studies in Denmark have cross-validated abundance estimates of insects using a number of different methods to show high consistency between samples with sweep-nets, sticky plates and feeding rates of barn swallow chicks by parent birds (Møller, 2013, 2019, 2020). We documented a highly consistent repeatability among days, implying that insect surveys provided reliable information on the abundance of insects.

We identified nine factors that accounted for variation in abundance of insects. First, locality accounted for variation in abundance of insects. Second, car model accounted for variation in insect abundance. Third, temperature accounted for insect abundance. Fourth, insect abundance decreased with wind speed. Fifth, insect abundance declined with date. Sixth, insect abundance was lower at Chernobyl than in non-contaminated sites surrounding Chernobyl. Seventh, insect abundance decreased with latitude. Eight, insect abundance increased with longitude. Ninth, there were more insects in China than in Europe. Tenth, there were more insect in Eastern than in Western Europe.

The abundance of insects differed between the two study sites in Spain and Denmark, but not between 1997 and 2018 as revealed by the interaction between year and country. The repeatability of insect abundance within localities among days was high at 0.727 and 0.739, which is highly consistent (Bell et al., 2009). This indicates that the surveys were highly repeatable as required for consistent and reliable surveys of any living being.

The patterns that we have described here addresses a range of ecological questions that we have investigated. While scientific questions may suffer from publication bias (Møller and Jennions, 2002), we have reported all our findings in the present study. After the present paper was preliminarily accepted, we had an additional study accepted reporting reductions in insect abundance when pesticide use, fertilizer use and land-use were entered as predictor variables (Møller et al., 2021).

Extensive insect surveys have shown recent reductions in abundance of insects by as much as 80% during just a few decades, even in nature reserves in Germany where insects are not exterminated (Hallmann et al., 2017; Møller, 2019, 2020). These changes in abundance of insects have been attributed to altered farming practice, altered land-use and the altered underlying factors (Vogel, 2017). While some studies have documented such large reductions in abundance of insect (Hallmann et al., 2017; Tinsley-Marshall, 2019), others have shown smaller declines (Conrad et al., 2002, 2006; Shortall et al., 2009; Fox et al., 2014; Møller, 2020). This raises questions about the generality of these changes, but also the underlying mechanisms accounting for variation in insect abundance.

There is good reason to expect that insect abundance has declined since the 1960s. Among the citizen science participants in this project, 10 drivers reported that when they were driving a car in the 1960s and 1970s, they encountered so many insects that they had to make several stops during a trip of 100 km in order to clean the windshield (Hallmann et al., 2017; Tinsley-Marshall, 2019). Many participants in this project reported that they subjectively had judged that the number of insects was considerably reduced in 2018 compared to previous years due to an unusual warm and dry summer (Meteorologisk Institut, 2018). The present study recorded repeated surveys in 1997 and 2018 at the same two roads in Spain and Denmark showing a 40% decline in Denmark, but no uniform decline at the site in Spain between 1997 and 2018. The reason for the lack of decline in Spain may derive from insect abundance already having declined in 1997 due to more intense agriculture in Spain than in Denmark.

Two pieces of evidence suggest that insect abundance was negatively impacted by human perturbation of environmental conditions. The abundance of insects was reduced by two thirds in Chernobyl compared to uncontaminated control areas. This implies that the abundance of insects has been reduced across more than 50,000 km2 in Ukraine, Belarus and Russia (Møller and Mousseau, 2009, 2018; Bezrukov et al., 2015). Second, we documented differences in insect abundance between Western and Eastern Europe as revealed by similar changes during recent decades when extensive farming became predominant in Western, but subsequently also in Eastern Europe (Tucker and Heath, 1994; Donald et al., 2001; Schimmelfenning and Sedelmeier, 2005).

Factors other than agriculture and associated land-use and crops may account for the observations reported here. The present study identified clear correlations between insect abundance and temperature, cloud cover and wind speed. These effects may apply to short-term weather conditions that affect the flight activity of insects, or they may be attributed to climate change (IPCC, 2007a; Hurrell and Trenberth, 2019). It is likely that insect abundance may change in response to both factors. Møller (2013) has already reported extensive data on insect abundance based on windshield surveys during 1997–2012 as described in this paper. While temperatures during summer have increased in large parts of the temperate zone and at higher latitudes, there has been a decrease in cloud cover and wind speed (IPCC, 2007b; Hurrell and Trenberth, 2019), and thus in the main study sites investigated here (Møller, 2013). Such changes in temperature, wind speed and cloud cover should increase the abundance of insects, as shown with insect abundance increasing with temperature and decreasing with wind speed and cloud cover in two study sites in Denmark and Spain in 1997 and 2018.

A number of hypotheses have been proposed to account for latitudinal gradients (e.g., Rohde, 1992; Møller, 2020). We investigated the extent to which latitude and taxa were associated with a reduction in abundance of insects. China had consistently higher abundance of insects in China than in Europe. The reason for such differences in latitudinal trends in the abundance of insects between continents remains to be identified.

In conclusion, the abundance of flying insects provides a relative estimate of the abundance of food for a range of other organisms. Here we have shown that features of vehicles, weather, climate, spatial and temporal variation and the effects of ionizing radiation may contribute independently to estimates of the abundance of flying insects and hence the abundance of food for offspring and parent birds (Møller, 2019). We hypothesize that variation in the abundance of insects will predict the abundance of insectivorous birds as already reported (Møller, 2019).
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