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Introduction 

Food supply is often a limiting factor of avian 

populations (Newton 1980) and is shaped by two 

key components: abundance and accessibility of 

food resources (Preston 1990). These two 

components, in turn, are strongly influenced by 

environmental factors such as landscape 

composition and weather (Cardador et al. 2012). 

Sufficient food is essential during the entire life 

cycle of a bird (Garcia-Heras et al. 2017). 

Considering how energetically demanding 

rearing offspring is, food supply gains 

importance in terms of population growth, 

especially during the breeding season 

(Holthuijzen 1990). During this time, it is an 

ongoing process of balancing out parental care 

and food provisioning, with likely effects on 

breeding success. In birds, there are several ways 

to impact the cost and, consequently, the benefits 

of parental care and food provisioning. Raptors 

are believed to adapt and optimize their foraging 

behavior to the most available prey (Zuberogoitia 

et al. 2013). This behavior can then be reflected 

in a very variable food composition within a 

raptor species.  

A great example of the plasticity in diet 

composition is the red kite (Milvus milvus), an 

opportunistic scavenger that focuses on the prey 

with the highest abundance in the territory 

(Aebischer 2009, Davis & Davis 1980, Garcia et 

al. 1998). Its distribution covers the Western 

Palearctic region of Europe and a tiny fraction in 

northwest Africa. Germany, France, and Spain 

harbor roughly 85% of the European population 

(Mougeot et al. 2003, Mougeot et al. 2011). The 

species experienced substantial population losses 

in the 1990ies, plummeting by 21% in France 

(Thiollay 2006), 25% in Germany (Mammen et 

al. 2014), and drastically, 50% in Spain 

(Villafuerte et al., 1998). Contrastingly, the Swiss 

breeding population Increased from 100-150 

pairs in 1980 to 2800-3500 in 2015, representing 

roughly 10% of the species’ global population 

(Aebischer 2009, Knaus et al. 2018). Thus, the 

red kite is considered a conservation-relevant 

species, both in Switzerland and globally. 

Red kites have a broad potential diet width. 

While red kites feed mainly on sheep in Wales, 

voles have previously been documented as the 

primary food resource in Germany, France, and 

Spain (Aebischer 2009, Blanco et al. 1990, Davis 

& Davis 1980, Garcia et al. 1998). Further, red 

kites have been documented to prey on non-vole 

rodents, birds, and insects (Aebischer 2009, 

   

 

 

 

 

 

 

 

 

 

 

Abstract 

The provisioning of nestlings is a tradeoff between parental care and food provisioning, which 

is shaped by food resources. Food abundance and availability are the key components of the 

food supply and are limited by environmental factors. Parents may adjust to this limitation of 

the food supply by altering the rate and the composition of prey delivered to juveniles to lower 

the cost of foraging during energy-demanding breeding season. Here we investigated how the 

red kite, a diet generalist and opportunistic scavenger, alters prey delivery rate and the diet 

composition in response to brood size, age, and environmental factors (elevation, rain, 

temperature). In 2019, we monitored 11 red kites' nests for 35 days during the breeding season, 

resulting in a total of 764 hours of analyzable video footage (69 hours ± 17 per nest, mean ± 

sd). Between 09.00 am and 02.00 pm, red kites delivered on average, 0.782 prey items (sd = ± 

1.221) to the nest per hour. The delivery rate increased with nestling age, but only in broods 

with > 1 chick. On the contrary, the delivery rate decreased with increasing precipitation and 

towards higher elevations. Rodents, earthworms, and bird nestlings dominated the diet, 

although the diet composition varied substantially between nests. Importantly, earthworms 

accounted for 46% of prey deliveries at low elevations, where frequently tilled land dominates. 

In contrast, rodents and birds were the predominant prey items at a higher elevation, where no-

till meadows, pastures, and forests are typical. Anthropogenic prey occurred in 82% of all 

nests and accounted for up to 18% of the diet composition in some nests. Our results suggest 

that the diet composition in red kites is influenced by the landscape context, as invertebrate 

prey dominated at lower elevations where most of the managed fields occur. In contrast, the 

nestling diet was dominated by vertebrate prey at higher elevation where extensive grassland 

and forest are common.  

 

https://en.wikipedia.org/wiki/Western_Palearctic
https://en.wikipedia.org/wiki/Western_Palearctic
https://en.wikipedia.org/wiki/Europe
https://en.wikipedia.org/wiki/Africa
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Blanco et al. 1990, Oertlieb 1980, Davis & Davis 

1980, Garcia et al. 1998). To some extent, red 

kites also exploit anthropogenic food sources like 

cheese, bread, or various items gathered at waste 

dumps or at artificial feeding places. Some 

studies suggest that public feeding can have a 

considerable impact on the red kites and their 

occurrence (Evans et al. 1991, Orros & Fellowes 

2015, Orros & Fellowes 2014). Compared to 

other raptors of Switzerland like the bearded 

vulture, which mainly feeds on bones (Brown et 

al. 1990) or the golden eagle, which mainly feeds 

on mammals (Watson 2010), the red kite can thus 

be considered to be rather a generalist species in 

terms of food selection 

The red kites population decrease and the 

widespread usage of pesticides and rodenticides 

in the past decades raised the need of 

understanding diet composition of raptor species 

and the demographic fluctuations related to it 

(Coeurdassier et al. 2012, Gomara et al. 2008, 

Marquez et al. 2013, Orros and Fellowes 2015). 

Although the potential of the diet of the red kite 

is characterized, the realized diet is still 

unknown. Importantly, the effects of brood size, 

age, and environmental factors on the food 

provisioning and diet composition remain 

unclear.  

In this thesis, we investigated the prey delivery 

rate and the nestlings’ diet in the breeding season 

of 2019. There are various techniques for 

monitoring and identifying the prey items 

brought to the nest, such as (1) nest climb 

controls, (2) looking for pellets or food remains 

in the nest area, (3) nest observations with 

binoculars and telescopes or (4) analyzing the 

stomach content (Aebischer 2009). However, 

nest cameras are thought to yield a) the highest 

number of prey items b) considered to be the 

least biased method for estimating diet 

composition and c) allows for simultaneous 

observations of multiple nests and is considered 

to be among the least invasive methods (Lopez et 

al. 2010, García-Salgado et al. 2015). 

We expected the prey delivery rate to increase 

with brood size and nestling age, due to the 

higher cumulative energetic demand of the 

nestlings. We predicted to find a limitation on 

prey deliveries on rainy days, as suggested in 

other studies (Carleton et al. 2016), and that 

temperature influences the diet composition. 

Cereghetti et al. showed that about 12% of the 

households in the study area offer anthropogenic 

food such as kitchen leftovers to the red kites. 

Thus, we expected anthropogenic food to be 

widespread across our monitored nests. Further, 

about twice as much anthropogenic food is 

provided in the region in winter vs. summer, and 

we thus expected a decrease of anthropogenic 

prey items with temperature. Finally, lowlands 

show a considerably higher fraction of frequently 

tilled and harvested agricultural land. Therefore, 

we predicted a dietary shift away from prey 

associated with tillage-intensive agriculture 

(invertebrates such as worms) at low elevations 

towards prey types associated with forest or 

extensive grasslands at higher elevations (bird 

nestlings, rodents) (Rogers et al. 2006, Segura et 

al. 2020). 

Methods  

Background 

This thesis is part of a broader project carried out 

by the Swiss Ornithological Institute since 2015, 

intending to understand the underlying 

mechanisms of the red kite’s population 

dynamics in Switzerland. 

The breeding season of red kites starts at the end 

of February, beginning of March when they start 

building a new nest or improving and reusing the 

nest of previous years. The nests are usually at a 

height of 15 - 30 m (Aebischer 2009). Between 

March and the beginning of April, they lay one to 

three, rarely four, eggs with two to three days in 

between egg-laying. The eggs are then mainly 

incubated by the female for 30 - 34 days (Nicolai, 

2012). The time between hatching and fledging 

days can vary from 48 days to over 60 days 

(Aebischer 2009, Oertlieb 1980).  

Study area 

The study area was defined at the beginning of 

the project in 2015. It is situated in the 

Sensebezirk, between the cantons of Freiburg and 

Bern (N: 46°47' 60" E: 7°15' 00") and covers 

nearly 400 km². It ranges from 450 to 2000 

meters above sea level (m a.s.l.), with the lower 

areas being characterized by farmland, meadows, 

and settlements. At higher elevations, extensive 

grasslands and forests dominate the landscape 

(Figure 1). 
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Cameras 

In March, the forest patches were being searched 

for red kite nests by using binoculars and 

telescopes. The detected nests were regularly 

visited during the pre-laying period to confirm 

the nest occupation. The cameras (N = 28) were 

mounted before the egg-laying, to minimize the 

disturbance to the red kites. Our monitoring 

system included a Night Vision Closed-circuit-

television (CCTV) camera (3.6 mm lens, 29.7 

mm x 78.9 mm, LightIntheBox) and a digital 

video recorder (DVR, Marbil Enterprise Inc.), 

equipped with an additional waterproof case. The 

DVR has a docking pod connected to an external 

power source and supports secure digital cards 

(SD) up to 64 GB. We used a 12-volt deep-cycle 

block batterie (Lithium High Power Battery 

LiFePO4 (12,8V/20Ah), Nothnagel Marine 

Elektromechanik) and 64 GB SD cards. Both 

systems were connected through a 50 m long 

video connection cable (KN SAS-CABLE 1050, 

reichelt elektronik GmbH & Co. KG). The DVR, 

the battery, and the battery saver were being 

stored in a plastic box with a lid. The box was 

then additionally protected from the rain and 

snow by a plastic sheet (Figures 2 and 3). To 

prevent cable-chewing, the cords were sprayed 

with anti-marten spray. The programmed 

recording setting was 30 frames per second, 

Quarter Video Graphics Array (QVGA), a 

sequence of one hour, and it recorded between 

08.00 am – 02.00 pm (Central European Time; 

UTC + 1). The nest was checked every three to 

four days, using a portable screen (Roadstar, 7" 

LCD Color Monitor). We exchanged SD Cards 

and the batteries every two days. To get the full 

clutch size, we recorded the nest for an additional 

eleven days after the first egg was laid (average 

egg-laying interval 32 hours, for a maximal 

clutch size of four eggs). In the end, red kites 

occupied 13 nests with nest cameras and laid 

eggs. The rest (N = 15) either changed nests or 

did not lay eggs. When the full clutch size was 

assessed, we tried to keep the disturbance on the 

red kites at a low level and only checked the nest 

occasionally. To identify the exact hatching day 

of the eggs, the nests have been video recorded 

continuously for two days before the earliest 

possible hatching date. The actual hatching days 

were determined by video analysis, and the 

hatching day marked day one of the nestling’s 

Figure 1 Map of the study area. The locations of the 11 nests are marked with a red dot. The name of the nests is ID 
number_ nearest community_nearest village. 
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age. The first eggs of the nest hatched between 

April 25th, 2019, and Mai 12th, 2019. After the 

nestlings had hatched, nests were recorded for 24 

hours/day throughout the five designated 

intervals (Figure 4). We had to exclude two of 

the 13 nests. The eggs of one nest were not 

fertilized, and the two nestlings of the other nest 

died within three days of age (Table 1). 

Video analysis 

The videos were analyzed by using the VLC 

media player (Version 3.0) at five times the 

speed. At prey delivery events or during other 

events, like feeding events, the speed was 

lowered and, if needed, paused and reversed. For 

each second, the nest ID, nest name, date, date of 

analysis, type of event, brood size, age of the 

nestlings, and the number of red kites present 

were recorded. On prey delivery events, the prey 

items were identified. Prey items that could not 

be identified due to a blurry image, a blocked 

view, or uncertainty, have been denoted as 

unknown. 

Data analysis 

In total, 1101 videos were classified. Statistical 

analysis was restricted to videos taken between 

09.00 am till 02.00 pm recorded during five age 

class intervals (Figure 4). The data frame was 

grouped hourly, and only videos that exceed a 

video recording time of 3200 seconds were 

included (N = 770). For the weather data, we 

included the data from the nearest weather station 

Posieux Freiburg CH (MeteoSwiss, longitudinal 

= 7°07', latitude = 46°46' elevation = 650 m 

a.s.l.). Mean hourly total precipitation (from 

06.00 am till 06.00 pm, in mm, denoted as rain), 

mean wind speed per day (km/h, denoted as 

wind), and mean temperature per day (in °C, 

denoted as temperature) were used as weather 

factors. We excluded six observation hours in the 

dataset due to missing rain data during this period 

(N = 764). Additionally, the distance to the 

nearest known public feeding place was 

calculated and added to the data frame. Our final 

dataset included 764 video hours, averaging 69 

hours (sd = ± 17h) per nest. 

All statistical analysis was done using R Studio 

(R Core Team, 2018, Version 3.6.1). For the prey 

delivery rate, we applied a generalized linear 

mixed model (GLMM, "glmer" in the "lme4" 

package), with a Poisson distribution and a log 

link specified (Bates et al. 2015). We initially 

included the random effects nest ID and date, but 

the random effect nest ID had a close to zero 

standard deviation (3.08e-03). Thus, the nest ID 

was excluded as a random effect. We included 

Figure 2 Set up on the ground. Figure 3 on the left the silver block battery with the battery-saver on top and 
the connected DVR on the right. 

Figure 4 Timeline of the study, showing the age class intervals during which videos footage was taken. All eleven nests were 
recorded during interval 1-3 (in black). Interval 4 and 5 was only recorded for half of the eleven nests. 
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the age of the oldest nestling (denoted as age), 

brood size (three categories, one, two or three 

nestlings), elevation, and three weather variables 

as explanatory variables. The model included two 

interactions: elevation*age, and brood size*age. 

All continuous explanatory variables were scaled. 

To assess the uncertainty of the parameter 

estimates and to inform model predictions, we 

used a Bayesian framework to calculate 95% 

credible intervals (CrI) (Korner-Nievergelt et al. 

2015). For this, we simulated 2 000 random 

samples based on the joint posterior distribution 

of the model parameters (sim-function in arm 

(Gelman et al. 2007)). We used the 

corresponding 2.5% and 97.5% quantiles as the 

lower and upper limit of the 95% CrI, 

respectively. 

To compare the prey delivery rate of 

anthropogenic prey items vs. natural prey items, 

we chose a generalized linear mixed model 

(GLMM, "glmer" in the "lme4" package, with a 

binomial distribution and a logit link specified) 

and nest ID as a random factor. We picked the 

following explanatory variables for this model: 

age of the oldest nestling, brood size, date 

(instead of rain), elevation, and distance to the 

nearest public feeding place.  

To model the proportional changes in prey 

composition using, we used a Bayesian mixed 

multinomial logit regression model implemented 

in the bamlss package (Umlauf et al., 2019). We 

differentiated between the following eight prey 

categories: amphibian/anthropogenic/bird/bird 

nestling/rodent/non-rodent mammal/invertebrate/ 

unclassified.  

We ran three models. The first model had 

temperature as the explanatory parameter, the 

second elevation and distance to the nearest 

public feeding site, and the third model age and 

elevation. Nest ID was used as a random factor. 

Elevation and distance to the next public feeding 

site were modeled as a smooth term (k = 5). 

Results 

Throughout the nesting time, 34 eggs have been 

laid in 13 nests (mean = 2.620; sd = ± 1.310). 31 

eggs hatched (mean 2.390, sd = ± 1.360), and 18 

nestlings survived till fledging (58.1%). The 

average brood size was 1.917 (sd = ± 0.780) 

Within the 764 video hours, we detected 675 prey 

items, corresponding to an average prey delivery 

rate of 0.767 times per hour (sd = ± 1.198) and 

0.781 prey items (sd = ± 1.221) per hour. 

Factors affecting prey delivery rate 

Rodent (33.6%, N =221), bird nestlings (16.9%, 

N =111), and invertebrates (22.8%, N = 156) 

were the most common prey types observed 

(Figure 5 and Figure 6). Those three prey 

categories were found in all eleven nests. Three 

nests had invertebrates as the dominant prey 

Table 1 Overview of 13 study nests with their elevation, clutch size, hatched eggs, brood size, and survival rate 
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item, two nests had bird nestlings as the dominant 

Figure 5 Absolute diet composition of the 11 nests. The nests are given in ascending order according to their elevation. Sample 
size, recorded and included videos hours of the nests: Bösingen Riederberg 18 (N = 57), Giffers Obertswil (N =  75), Heitenried 
Breitenried (N = 92), Länzenhäusern Finel 19 (N = 54), Le Mouret Essert (N = 89), Schmitten Fillistorf 18 ( N = 59), Schmitten 
Lanthenholz 17 ( N= 58), Schwarzenburg Waldgasse ( N = 90), Tafers Brunnenberg (N = 54), Übersrtorf Ledeu Beech (N = 87), 
Wahlern Althaus 18 (N = 49 

Figure 6 Relative diet composition of the 11 nests. The nests are given in ascending order according to their elevation. The 
prey items have been assigned to one of the 9 categories. Sample size, recorded and included videos hours of the nests: 
Bösingen Riederberg 18 (N = 57), Giffers Obertswil (N =  75), Heitenried Breitenried (N = 92), Länzenhäusern Finel 19 (N = 
54), Le Mouret Essert (N = 89), Schmitten Fillistorf 18 ( N = 59), Schmitten Lanthenholz 17 ( N= 58), Schwarzenburg 
Waldgasse ( N = 90), Tafers Brunnenberg (N = 54), Übersrtorf Ledeu Beech (N = 87), Wahlern Althaus 18 (N = 49 
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prey item, and six nests had rodents as dominant 

prey (Fig. 5). The prey category invertebrates 

consisted almost exclusively of earthworms (95.5 

%, N = 148). 

Anthropogenic food occurred in most nests 

(81.8%, N = 9). Although anthropogenic food 

was not a common prey item (8.2% of all prey 

deliveries, N = 54), it accounted for up to 18.3 % 

in some nests. Amphibians and insects were rare 

(2.1%, N = 14 across 8 nests; 0.9 %, N = 6 across 

4 nests. Most nests had a comparatively small 

fraction of unidentifiable prey (9 %, N = 59).  

Brood size 

 Nests with a single nestling did not increase the 

hourly feeding rate with nestling age (estimate =-

0.650, CrI= -0.875, -0.412). However, we found 

support for an interaction between brood size and 

nestling age, such that broods with two or three 

nestlings increased the number of nest visits with 

nestling age: Across the observed age gradient, 

nests with two nestlings increased the hourly prey 

delivery rate from 0.354 (CrI= 0.243, 0.511) to 

3.410 (CrI = 2.056, 5.629) for 35 days. Similarly, 

nests with three nestlings increased the hourly 

prey delivery rate from 0.410 (CrI = 0.304, 

0.541) to 2.293 (CrI = 1.499, 3.501) across the 

observed age gradient (Figure 7). 

Rainfall 

The prey delivery rate decreased substantially 

with precipitation, dropping by about 19% along 

the observed gradient in precipitation (estimate = 

-0.210, CrI= -0.379, -0.033). This decrease was 

stronger in lager broods. The prey delivery rate in 

broods with two nestlings decreased about 36% 

(estimate = 0.647 , CrI -0.071= 0.637) and in 

broods with three nestlings the prey delivery rate 

decreased 31% (estimate = , CrI = -0.481, 0.504) 

(Figure 8).  

Elevation 

We found support for an interaction between 

nestling age and elevation (estimate = -0.205, CrI 

= -0.319, -0.090). With increasing age, nests 

located at lower elevations showed an increase in 

hourly prey delivery rate (estimate = - 0.134, CrI 

= -0.253, -0.007). This increase was 

comparatively dampened in nests located at 

higher elevations (Figure 9). 

Figure 7 Predicted values (lines) and 95% Credible interval (shades) of the GLMM Model with the 
Poisson distribution, showing hourly prey delivery rates in relation to age of the oldest nestling. The 
brown solid line represents predictions for nests with one nestling, grey for nests with two nestlings, and 
black for three nestlings. For illustrative purposes, predictors not shown in the figure were set to their 
mean values.  
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Figure 9 Predicted values (lines) and the 95% Credible interval of the GLMM showing prey delivery rate in relation to the 
age of the oldest nestling and different elevation for the brood size of two nestlings. 599 and 800 m a.s.l. correspond to 
nest in the lower and upper quantile. For illustrative purposes, predictors not shown in the figure were set to their mean 
values. 

Figure 8 Predicted values and the 95% Credible interval (shades) in relation to rain per hour. GLMM with the Poisson 
distribution. The brown solid line represents predictions for nests with one nestling, grey for nests with two nestlings, and 
black for three nestlings. For illustrative purposes, predictors not shown in the figure were set to their mean values.  
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Anthropogenic food 

The mixed logistic regression did not support any 

substantial effect of our explanatory variables on 

the proportion of anthropogenic food vs. natural 

prey items (Appendix B2). 

Factors affecting diet composition 

Temperature 

The Bayesian Mixed Multinomial Logit model 

indicated that diet composition varied as a 

function of temperature, elevation, and nestling 

age. Most strikingly, rodents accounted for < 

20% of the diet on cold days (<5°C) but became 

the dominant prey item (>40%) when the 

temperature was above 20°C. In contrast, bird 

nestlings showed the highest probability (22%) 

around 9°C, decreasing with warmer 

temperatures. Invertebrates accounted for roughly 

20% on hours, with temperatures between 5°C 

and 20°C. Anthropogenic food was most likely 

on cold days with a Temp <5°C (Figure 10 & 

Appendix B3). 

Elevation 

We observed three important diet trends along 

the observed elevational gradient: First, while 

invertebrates dominated the prey spectrum at low 

elevations (45%), the probability of delivering 

invertebrates dropped by a factor five for nests at 

high elevation. Inversely, the probability of 

rodent prey items delivery was relatively stable at 

15% for nests up to 750 m a.s.l. but increased 

thereafter up to 35%. Finally, bird nestlings 

peaked at intermediate elevation (Figure 11 & 

Appendix B4). 

The nests in lower elevation showed a more 

variable and fluctuating abundance of prey items 

with increasing age than nests at high elevations. 

At low levels, rodents dominated the spectrum 

within the first three days and then massively 

dropped (13%). After six days, the probability 

raised with its peak around the age of 23 days 

(92%). Invertebrates dominated the timeline 

between the age of three and 20.  

In nest located at higher elevations, rodents 

accounted for over 40% of the diet until the age 

of 16 days old. The drop found its lowest point at 

the age of 27 (23%) and increase with age up to 

42%. Bird nestlings showed stable diet 

accountancy at the beginning (20%), with a slight 

increase from age 20 to 25 days, followed by a 

decrease. With increasing age, the probability of 

invertebrates raised with a peak at the age of 25 

days (11%) (Figure 12 & Appendix B5). 

Figure 10 Fitted probabilities (lines) of the eight prey categories in relation to hourly temperature. 
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Discussion 

Our study provides three key insights into the 

nestling diet of a raptor of European conservation 

concern, the red kite. First, red kites adjust their 

prey delivery rate according to nestling age, but 

both brood size and elevation mediate this effect. 

Second, the prey delivery rate is negatively 

affected by rain. Third, the diet composition 

varies along the investigated altitudinal gradient, 

with invertebrates dominating at low elevations, 

bird nestlings at intermediate, and rodents at high 

elevations. Overall, this study supports the claim 

that red kites are opportunistic feeders and adapt 

provisioning of their nestlings in relation to 

nestlings age and environmental factors.  

Figure 11 Fitted probabilities (lines) of the eight different prey categories in relation to elevation. 

Figure 12 Left: fitted probabilities (lines) of the eight prey categories in relation to the age of the oldest nestling at the 
elevation of 550 m a.s.l. Right: fitted probability (lines) of the eight prey categories in relation to the age of the oldest 
nestling at the elevation of 850 m a.s.l. 
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Brood size and nestling age 

Our results indicate that delivery rates increased 

with brood size and nestling age. The positive 

influence of nestling age is in accordance with 

previous studies of house sparrows (Passer 

domesticus), Eurasian kestrel (Falco 

tinnunculus), and peregrine falcons (Falco 

peregrinus) (Pelletier et al. 2016, Steen et al. 

2012, Zuberogoitia et al. 2013). The increasing 

number of prey deliveries with age can be 

explained by the fact that the nestlings need more 

energy as they get older (Orłowski et al. 2015). 

Nests with two nestlings showed the highest 

performance in the prey delivery rate. The 

smaller home range might cause the lower prey 

delivery rate in broods with three nestlings than 

nests with two nestlings. Red kites with a larger 

brood decrease their home range, which leads to 

reduced availability of prey items (Baucks 2019, 

unpublished). Another explanation for the lower 

prey delivery rate in broods with three nestlings 

could be the small sample size of nests with three 

nestlings. In four out of the five nestling age 

intervals, there was only one nest with the brood 

size of three nestlings (Appendix C1). Thus, 

brood size effect between two and three nestlings 

should be interpreted with care. Interestingly, the 

amount of delivered prey items per hour is 

slightly decreasing over time when they have 

only one nestling. In this case, it would be 

essential to calculate the biomass of the prey 

items, because food items might increase with 

increasing age.  

Precipitation 

After the first two weeks after hatching, nestlings 

cannot thermoregulate. Thus, rain can have 

severe consequences and lead to hypothermia and 

death of the nestlings (Aebischer 2009). It has to 

be kept in mind that we used the weather data of 

one station and that the actual amount of rain at 

the nests' locations might have varied from the 

one at the weather station. Based on our results, 

we could hypothesize that with an increasing 

amount of rain, the red kites channel their 

energies towards other parental care activities 

such as rain protection, rather than food 

provisioning. It is a balancing act between food 

provisioning and parental care (Wiebe et al. 

2015; Rishworth, 2015; Öberg et al. 2015). This 

trade-off is beneficial for nestling's survival as 

longs as the precipitation does not exceed a 

critical quantity. Because then, the lack of food 

provisioning can cause starvation of the nestlings 

(Gottschalk et al. 2015, Murphy 1983, Facey 

2020, Siikamäki 1996, Robinson et al. 2017, 

Wysocki et al. 2019). Interestingly, previous 

research in Spain suggests that the red kite’s 

abundance is higher in semi-arid zones than in 

humid/wet areas. A pattern that has been 

attributed to rain-triggered reductions in lower 

food ability and nestling survival (Seoane 2003). 

Red kites still occur in wet weather areas, like in 

Northern England, but the breeding success is 

much lower compared to red kite populations 

living in a dryer climate (Newton et al., 1994).  

Elevation 

As predicted, food delivery rates and diet 

composition varied substantially across the 

investigated 250m elevational gradient. As 

expected, red kites provided proportionally more 

invertebrates at lower elevations compared to 

higher elevations. One reason for the difference 

in diet composition may be attributed to 

elevational differences in land use. Nests located 

at lower elevations are mostly surrounded by 

arable farmland, and intensively managed 

pastures and meadows (Figure 1), whereas 

meadows and forest patches are prevalent higher 

up. The presence of the latter might help to 

explain the higher abundance of bird nestlings as 

prey items: The red kites' nests, which are located 

higher up, do not have such a variation in the 

landscapes as there are mainly dense forest 

patches, extensive meadows. Thus, they do not 

have a massive variety of food, and they mainly 

feed on rodents. Some might consider that these 

diet differences might have something to with the 

hatching date. Considering that at a later age, the 

temperature might be warmer, and thus more 

rodents are present. However, the hatching date is 

not mainly affected by the elevation (Table 1).  

Temperature 

The temperature has a positive effect on the 

probability of rodents to be delivered. At least 

two nonexclusive mechanisms may mediate this: 

First, rodents are more active in warm 

temperatures and leave their burrows more 

regularly (increased activity). Second, meadows 

are generally mown under warm weather periods, 

hereby facilitating the access to rodents. We 
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assume that the weather might have might bird 

nestlings more vulnerable to predation from red 

kites (Suvorov 2013, Unless 2016, Wegge 2017), 

which would explain the higher probability of 

bird nestlings on days with temperatures between 

4°C. and 9°C. Anthropogenic prey items play a 

more prominent role on days with lower ambient 

temperature (< 5 °C). The higher amount of 

brought anthropogenic food on colder days is in 

line with the fact that local people in the survey 

area tend to feed red kites in cold periods 

(Cereghetti et al., 2019). These results support 

the idea of the foraging adjustments of the red 

kites in response to weather conditions. 

Anthropogenic vs. natural  

Our result that nine out of eleven parents feed 

their nestlings to some degree with anthropogenic 

prey supports our hypothesis that anthropogenic 

food is widespread in the red kite population of 

the Sensebezirk. The fact that anthropogenic food 

covered up to 18% of the red kites’ diet indicates 

that the anthropogenic prey items might work as 

supplementary feeding to some extent, 

potentially increasing nestling survival (Nägeli 

2019 in prep, Perrig et al. 2014). Considering that 

in urban areas over 4% and rural areas, over 12% 

of households intentionally feed red kites 

(CereghettI et al., 2019)., it is important to keep 

in mind that our dataset did not cover all feeding 

sites in the research area. Thus, the effect size of 

the distance to the nearest public feeding place 

must be reviewed with reservation.  

Diet composition  

The nestling diet mainly consisted of rodents and 

bird nestlings. Interestingly, the recordings of 

2019 have highlighted the importance of 

invertebrates, particularly earthworms, for the 

feeding of nestlings. In some nest, over 60% of 

the prey items were earthworms. This high 

proportion indicates that earthworms might be an 

important replacement prey when larger prey 

items are unavailable. This peak of worms might 

be due to the low rodent abundance in 2019. 

Every month in the research area, rodent 

transects were carried out to estimate an index of 

rodent abundance. The results of these 

monitoring are summarized in the index (Figure 

13). The recordings of 2019 show the lowest 

rodent index since the beginning of the project in 

2015. This low abundance might be explained by 

the life cycle of voles, which accounted for the 

majority of the rodents in our study. After the 

peak of the cycle, the population collapses.  

It is important to keep in mind that we used only 

the data of one year, which is like a snapshot. 

Ideally, the same nest would be monitored over 

multiple consecutive years to detect the 

adaptation of their diet composition to different 

food availabilities.  

Here, we restricted our analyses to the number of 

prey deliveries, which is likely a poor predictor 

of the energetic content provided to the nestlings 

per feeding bout. Future research should 

therefore include the biomass, or the caloric 

value of the prey items delivered. Additionally, 

checking for the effect of the nestlings' diet on 

the age at fledging would be interesting to 

investigate whether variation in diet affect 

fledging conditions. 

Conclusion 

The results emphasize the opportunistic nature of 

the Swiss red kites and their diet plasticity. The 

red kites seem to optimize their foraging 

behavior, lower its costs, by adjusting the prey 

delivery rate and diet composition depending on 

the brood size, nestlings age and environmental 

factors. Anthropogenic food is commonly found 

in the diet of red kites, calling for an 

investigation on its effects on foraging behavior, 

reproduction, and health of red kites. Generally, 

because of the high variation of prey composition 

among nests, future research should investigate 

the effect of diet composition on the life span or 

lifetime reproductive output of red kites. 

Given the strong elevational differences in prey 

delivery rate and composition, one should 

investigate whether it is a pure elevational or 

rather a landscape composition effect and 

whether these differences in feeding rate and diet 

composition cascade to create elevational 

gradients in reproductive output. These 

information are also interesting because much of 

the recent expansion in Switzerland has happened 

in "marginal" areas, including the colonization of 

alpine valley at higher altitudes. 

Considering the effect of the temperature on the 

diet composition, climate change could lead to a 

shift in the diet of red kites in Switzerland in 

favor of rodents, assuming that the springs are 

going to be warmer and that there is going to be a 

rodent cycle in the upcoming years. If the 

abundance of rodents in will increase 

substantially, with potential harm on farmland, 
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the possible introduction of toxins into the food 

cycle from the red kites must be prevented in the 

early stages (Tavecchia et al. 2012). In case of 

increased precipitation during the breeding 

season, rain and its effect on the provisioning rate 

might have considerable consequences on 

nestling condition and survival.  
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Appendix 

Appendix A 

 

Figure A1 Portable screen used for the check-up rounds and to check, if the system was running correctly 

 

Appendix B 

Summary tables of the statistical models 

Table B1 Summary output of the generalized linear mixed model with a poison distribution and day as random factor, 

describing the prey delivery rate. 

 

Fixed effects Estimate Std. Error z value Pr(>|z|) 
 

 
 

   
 

(Intercept) -0.650 0.121 -5.375 7.67e-08 *** 

age oldest             -0.021 0.109 -0.194 0.846  

brood size 2                0.495 0.149 3.320 9e-4     *** 

brood size 3                0.430 0.136 3.173 1.51e-03    ** 

rain -0.217 0.087 -2.496 1.26e-02    * 

elevation               -0.134 0.062 -2.149 3.17e-02  * 

age oldest nestling*brood size 2  0.647 0.160 4.053 5.05e-05 *** 

age oldest nestling*brood size 3 0.497 0.131 3.782 1.56e-04     *** 

age oldest nestling*elevation -0.205 0.059 -3.461 5.39e-04    *** 
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Table B2 Summary output of the mixed logistic regression model, with nest ID as random factor, describing the proportion of 
anthropogenic vs. natural food. 

 

 

Table B3 Output of the multinomial mixed model in relation to temperature and with the prey category “invertebrates” as 
reference, describing the probability of the diet composition 

 

 

Table B4 Output of the multinomial mixed model in relation to elevation and with the prey category “invertebrates” as 
reference, describing the probability of the diet composition. 

 

Fixed effects Estimate Std. Error z value Pr(>|z|) 
 

 
 

   
 

(Intercept) -4.251 1.063   -3.998   16.4e-05 *** 

distpubfeed_s             -0.068     0.521   -0.130     0.897      

brood_size2                0.797     0.842    0.948     0.343      

brood_size3                0.883     1.433    0.616     0.538      

day_s -1.339     1.193   -1.122     0.262      

age_oldest_s               1.093     0.984    1.111     0.267      

elevation_s                 0.266     0.528    0.504     0.614      

day_s*age_oldest_s         0.175     0.229    0.766     0.444      

distpubfeed_s*elevation_s -1.096     0.961   -1.140     0.254      

      

     
 

 

Prey category mean CrI 

   
 

Amphibian -2.513 -3.155 -1.883 

Anthropogenic -1.090 -1.409 -0.791 

Bird -1.671 -2.077 -1.296 

Bird nestling -0.350 -0.606 -0.108 

Rodent 0.330 0.124 0.531 

Non-rodent mammal -2.495 -3.063 -1.934 

Unclassified -1.027 -1.359 -0.711 

    

 

Prey category mean CrI 

   
 

Amphibian -2.553 -3.401  -1.855 

Anthropogenic -1.075 -1.464  -0.702 

Bird -1.660 -2.095  -1.252 

Bird nestling -0.328 -0.621  -0.022 

Rodent 0.449 0.227  0.682 

Non-rodent mammal -2.391 -3.090  -1.818 

Unclassified -0.963 -1.329 -0.962 
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Table B5 Output of the multinomial mixed model in relation to elevation and day, with the prey category “invertebrates” as 
reference, describing the probability of the diet composition. 

 

Appendix C 

Table C1 Overview of the sample size within different age class intervals. 

 

Prey category 
 

mean CrI 

 
 

  
 

Amphibian 
elevation 0.006 -0.002 0.012 
day -0.026 -0.102 0.052 

Anthropogenic 
elevation 0.006 0.002    0.011 
day -0.023 -0.066 0.021 

Bird 
elevation 0.011 0.007 0.016 
day -0.047 -0.102 0.008 

Bird nestling 
elevation 0.008 0.005 0.011 

day -0.021 -0.055 0.015 

Rodent 
elevation 0.007 0.004 0.010 
day -0.010 -0.041 0.023 

Non-rodent mammal 
elevation 0.007    -0.003 0.015 
day -0.016    -0.104  0.067 

Unclassified 
elevation 0.010 0.006 0.014 
day -0.015 -0.057 0.028 

 

 
  nests   brood size   videos (hr) 

      1 2 3     

 
       

interval 1 (day 4 - 7) 11  1 3 7  197 

interval 2 (day 11-14) 11  5 5 1  194 

interval 3 (day 18-21) 11  5 5 1  222 

interval 4 (day 25-28) 5  2 2 1  90 

interval 5 (day 32-35) 5  3 1 1  64 
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