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ABSTRACT 

Food availability is a limiting factor on the reproductive performance of bird species and 
garden feeding can alter the distribution of this resource. In certain rural regions of 
Switzerland, people are now regularly feeding an opportunistic scavenger, the red kite 
(Milvus milvus). To understand the potential influence of this activity, I firstly investigated 
the effect of increasing resources on the breeding performance of red kites, and second, I 
conducted a survey to determine the extent of garden feeding. Food supplementation was 
applied to red kites from early incubation to fledging of the nestlings and breeding 
performance was compared between supplemented and control (non-supplemented) 
nests. Supplemented nests showed significantly increased breeding success, number of 
hatchling and nestling survival. The effect of feeding on number of fledgling was strong but 
not significant, while the results for nestlings’ weight were conflicting. The survey on garden 
feeding revealed that 10.1% of the households was feeding red kites and that most had 
been feeding for several years. The overall results suggest that food availability plays a 
critical role in the reproduction of red kites, likely by modulating the parent-offspring 
conflict. Food provided by local people might be of secondary importance to breeding red 
kites and instead favor the survival of sub-adults and wintering birds. The large amount of 
food provided by garden feeding could change the balance and interaction of species, and 
future research should address the currently understudied effects of this activity in rural 
landscapes. 
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1. INTRODUCTION 

Food is a critical limiting resource that can shape distribution and abundance of species. 
Birds can be deeply affected by the availability of food and they might undergo changes in 
their life history traits that reflect the amount of this important resource at their disposal. 
Breeding birds necessitate food to sustain the energetic costs of reproduction, and in times 
of food shortage, birds are likely to show reduced reproductive output and worsened 
survival and body condition of both breeding adults and nestlings (Martin 1987). 

To better understand the role of food abundance, many studies on food supplementation 
have been carried out on different avian species. The expected effect of feeding is the 
enhancement of breeding parameters, which is more likely to be observed in poor 
environmental condition with food scarcity (Ruffino et al. 2014, Rooney et al. 2015). Despite 
the expectations were met in different studies where additional nutrition improved 
breeding success and nestling physical condition (e.g. Castro et al. 2003, González et al. 
2006, Perrig et al. 2014), other studies showed that some species were negatively affected 
by supplementary feeding and resulted in reduced productivity (e.g. Harrison et al. 2010, 
Blanco et al. 2011, Plummer et al. 2013).  

The necessity to shed light on this process is rendered more critical given that a global form 
of supplementary feeding is currently present in the form of garden feeding. In the northern 
hemisphere the number of people that feeds birds is astounding (Jones 2011) and this 
activity is altering the natural shifts of distribution and abundance of food, which can have 
important consequences on the ecology and evolution of avian populations (Robb et al. 
2008, Plummer et al. 2015). Although garden feeding is mostly directed towards 
granivorous passerines (Toms 2003), meat-based garden feeding is now known to be 
provided to a scavenger bird of prey, the red kite (Milvus milvus) (Orros and Fellowes 2014).  

Red kites are opportunistic scavengers that favor carrion and wastes but can take 
advantage of many different food resources, small living preys included (Davies and Davis 
1981). The red kite’s breeding range is mostly limited to Europe, but some population can 
be found in North Africa and Middle East (BirdLife International 2015). This species is listed 
by the IUCN as Near Threatened due to its precarious European situation (BirdLife 
International 2015); despite promising increasing numbers in some countries, persistent 
illegal killings (Berny and Gaillet 2008, Smart et al. 2010) and declines in Germany 
(Mammen 2009), France (Pinaud et al. 2009) and Spain (Cardiel 2006) – it’s major breeding 
and wintering locations – reduce the chances of recovery of this species.  

The occurrence of garden feeding targeted at red kites represents a still unknown variables 
that might have important effects on the species. The link between food availability and 
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anthropogenic activities is not new to red kites, which can profit from human provided 
feeding opportunities such as road-kills, refuse dumps and food wastes. Intentional feeding, 
however, has only been recently studied in south-east England, where a successful 
reintroduction of this species had taken place (Carter 2007, Orros and Fellowes 2014, 2015). 
The effects of this activity on the kite breeding performance are yet to be investigated.  

In recent years, red kites established a successful population in Switzerland, and their 
distribution seems to be expanding (Knaus 2010). As observed in England, some of the local 
people allegedly feed red kites, both deliberately and not (e.g. discarded food, farming 
wastes). The focus of this thesis is to estimate the extent of garden feeding targeted at red 
kites and understand how food supplementation can affect the breeding performance of 
this species. First, I investigated the influence of supplementary feeding on the breeding 
performance of the red kite. At the nest level, I expected to find higher breeding success, 
number of hatchlings and number of fledglings in supplemented nests. At the individual 
level, I expected supplemented nestlings to be heavier and have higher survival rates. I also 
predicted that the effect of supplementary feeding would be more evident at higher 
breeding densities, where competition for food resources is greater. Second, I investigated 
the extent of garden feeding directed at red kites, to assess whether this activity could be 
a driving factor of the red kite success on the Swiss territory. I hypothesized that enough 
households participated in garden feeding to daily support an important number of red 
kites. 
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2. MATERIAL AND METHODS 

2.1. General 

This study was part of a larger project started in 2015 by the Swiss Ornithological Institute, 
which aimed at investigating the red kite population of the Swiss Plateau. Along with a team 
of researchers, I collected data regarding red kites’ activity and their monitoring. For my 
research, only data collected in 2016 was used. The main tasks involved in the project were: 
detection of breeding nests, installation of camera traps (Reconyx PC900 Hyperfire camera, 
RECONYX Inc., Holmen WI, USA) and webcams (Microsoft LifeCam Cinema HD) at the nests, 
repeated checks of the nests status through the mentioned devices or by binocular/scope, 
and tagging of the nestlings. Tagging refers to the task of ringing and equipping nestlings 
through a figure 8 harness (Kenward 2001) with solar-charging Global Positioning Satellite 
(GPS) loggers (Ecotone, Skua series). This task was carried out when nestlings were 
estimated at 40 days old. When tagging, mass, tarsus length, primary feather and wing 
length, tail length and beak length were measured to assess the nestlings’ physical 
condition. GPS data was used to determine the mortality of the nestlings after tagging.  

The study area is located in the cantons of Fribourg and Bern (387.5 km2), where the 
wintering population of red kites has been monitored for the past 20 years (Aebischer 
2009). The elevation in the study area varies from 530 m.a.s.l. in the northern part to over 
1500 m.a.s.l. towards the Alps. The surrounding area was also partially investigated (c. 4000 
km2), but due to limited information regarding breeding density and less frequent 
observations, nests located outside the study area were excluded from the analyses. The 
estimated number or red kites present in the study area during the breeding season is 250-
350. 

 

2.2. Supplementary feeding 

2.2.1. Field methods 

Among the known active red kite nests, the ones assigned to the supplementary feeding 
treatment were selected such as to span the available altitudinal range as well as to have 
the possibility of an easily accessible feeding platform in the proximity of the nests. The 
non-fed nests represented the associated control treatment. Feeding platforms were built 
by fixing a 0.6m x 0.6m x 0.01m wooden platform on a 1.5m long wooden post, successively 
fixed in the ground with a second post (figure 1). Average height of the platforms was 2m. 
Green and brow paint was applied to better blend in with the environment. The platforms 
were placed with the permission of the land owners at 20-200m from the targeted nests, 
favoring open spaces (at least 5m from the forest edge) where kites could easily swoop 
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down on the platform to grab the food. Dead day-old chicks bought from a local hatchery 
(Wüthrich Brüterei AG, Belp) were used as supplementary food.  

The first platforms were set up at 15 nests at the end of 
March, when no red kite was yet observed incubating – most 
clutches are laid during the first three weeks of April 
(Mammen and Stubbe 1995).  If after repeated feeding events 
(i.e. placing of the food on the platform), all food remained 
on the platform, the food disappeared only sporadically, or 
other birds were observed consuming most of the food, the 
unsuccessful platforms were removed and new ones at other 
nests were installed, causing the start of the treatment to 
differ between some of the nests (table 1). Successfully fed 
nests were considered the ones where a) the food on the 
platform regularly disappeared after each feeding events and 
b) red kites were observed taking the food. The latter was 
assessed either with scopes/binocular or through recordings 

made with webcams (Microsoft LifeCam Cinema HD), which also allowed estimating the 
number of birds feeding from it. Two red kite pairs from non-targeted nests exploited the 
feeding platforms and regularly took the food from it. The amount of food placed was thus 
increased and the two nests were included in the treatment. For successful platforms the 
feeding ended at the expected time of fledging of the youngest nestling (estimated at 54 
days of age).  

Since the ideal ad libitum feeding treatment was not possible, the interval between feeding 
events and the number of chicks fed was adjusted based on chicks’ availability from the 
hatchery, breeding stage and number of birds feeding from the platform. Beside a few 
exceptions, the interval remained for all nests within 1-4 days. The number of chicks fed 
per platform was set at about 5 during the incubation stage and increased at 15-35 around 
hatching and at 30-50 during the later nestlings’ growth. The variance between platforms 
regarding number of chicks fed was due to the difference in number of breeding red kites 
and bird species feeding from the platform. The amount fed was regularly adjusted with 
the intent of granting targeted red kites the maximum amount they could take (see table 
1). 

 

 

 

Figure 1. Red kite after swooping 
on a feeding platform.  
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Table 1. Period and intensity of supplementary feeding for the nests that accepted the treatment.  

 

2.2.2. Statistical analyses 

It should be noted that the feeding treatment was determined by the outcome (fed vs. non-
fed) and not by the decision itself to subject a nest to the supplementary feeding treatment. 
This is commonly referred as self-selection bias (Hernan et al. 2004), because red kite pairs 
could choose whether to accepted the treatment (fed nests) or not (attempted fed nests). 
I used a Mann-Whitney U test to highlight possible bias of nests parameters related to 
altitude, breeding density and presence probability of feeders (based on garden feeding 
results) between nests that accepted the feeding treatment and control nests, as well as 
between the former and nests that refused the treatment. Nests – respectively nestlings – 
that refused the treatment were excluded from further analyses. Additionally, two nests 
that accepted food supplementation were also excluded from further analyses because the 
feeding treatment started halfway through nestling growth in one case and some days 
before tagging in the other. This means they were not supplemented during the early 
nestling stages, which are likely to be critical for survival and thus breeding success and 
number of fledglings. All the analyses were performed in R (R Core Team 2016), using the 

Nest ID 
Feeding 

start date – end date 
Nr. feeding 

events 
Feeding events 

per day 
Nr. of chicks 

per day 

5 24/03/2016 - 27/06/2016 44 0.46 9.5 

10 24/03/2016 - 07/07/2016 43 0.41 8.0 

87 12/04/2016 - 31/05/2016 17 0.35 5.4 

89 + 209 24/03/2016 - 09/07/2016 49 0.46 6.2 

123 14/04/2016 - 04/07/2016 40 0.49 10.0 

139 24/03/2016 - 23/05/2016 29 0.48 6.0 

157 11/04/2016 - 01/07/2016 38 0.47 10.3 

171 + 218 24/03/2016 - 01/07/2016 44 0.44 6.3 

195 24/03/2016 - 03/07/2016 40 0.40 10.0 

202 24/03/2016 - 27/06/2016 41 0.43 10.1 

161* 23/06/2016 – 15/07/2016 8 0.36 3.0 

224* 23/06/2016 – 06/08/2016 21 0.48 5.7 

*Nest accepted the treatment but was excluded from further analyses 
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packages lme4 (Bates et al. 2015) for mixed models and the coin (Hothorn et al. 2008) for  
Mann-Whitney U and Wilcoxon signed-rank tests. 

 

Complete sample analysis 

All full models to test the effect of food supplementation included feeding treatment, 
elevation and breeding density (i.e. number of breeding nests within 1km) as explanatory 
variables. In addition, number of hatchlings was included in the models for breeding success 
and number of fledglings, while number of siblings – at tagging and respectively at the time 
of death/fledging – was included in the model for weight and survival of the nestlings. Wing 
length was also used as explanatory variable to test nestlings’ weight. Meaningful 
interactions between feeding and the other covariates were included in the full models. 
The final models were chosen through backward selection, removing non-significant 
interaction but retaining all main effect. All explanatory variables (feeding excluded) were 
scaled and centered.  

Breeding success, number of fledglings and number of hatchlings were analyzed in function 
of the feeding treatment (fed/unfed) with a Generalized Linear Model (GLM) with binomial 
distribution for the breeding success and Gaussian distribution for the number of 
fledglings/hatchlings. Breeding success was defined as nests having at least one fledgling. 
Analysis of weight of the nestlings was tested with a linear mixed-effect model (LMM), with 
nest identity as a random effect. The cube root of weight was used as response variable 
and wing length as explanatory variable to control for the age differences between the 
nestlings at tagging. Wing length is shown to be a good predictor of age and minimally 
influenced by nutrition, which makes it the favored choice in case of unknown hatching 
dates (Traue and Wuttky 1966, Mammen and Stubbe 1995, Pfeiffer and Meyburg 2015). 
Cube root transformation was applied on weight to account for the linearity of wing length. 
I analyzed survival of the nestlings using a Generalized Linear Mixed Model (GLMM) with a 
binomial error distribution in which the response was either dead or survived (i.e. fledged), 
and nest identity was included as a random effect. 

 

Territory analysis 

To further increase the robustness of the analysis, given the possible selection bias and 
other ignored variables related to the nest location, I grouped nests within an arbitrary 
2.5km radius in territories (figure 2) and compared mean values and proportions of fed 
against unfed nests. Only territories with fed nests were considered. The analysis was 
performed using a Wilcoxon signed-rank test, pairing fed/unfed nests within the territories 
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(alternative hypothesis = greater). The variables tested were: mean breeding success, mean 
number of fledglings and hatchlings, mean nestling weight-wing length ratio and nestling 
survival within the nest.   

 

2.3. Garden feeding 

2.3.1. Field methods 

To investigate the extent of garden feeding in the study area, I asked local residents to 
provide information on whether they recently fed red kites or knew anybody who did. A 
face-to-face survey was favored to account for the potential reluctance of filling a written 
questionnaire about an activity of sometimes ambiguous legality. By using this method, it 
was also possible to gauge the general attitude towards red kites and garden feeding. 
People who fed red kites were also asked to specify the frequency and seasonality of 
feeding, type of food used, and number of years they had been feeding (see Appendix A for 
complete questionnaire). The survey conducted by Orros and Fellowes (2014) on red kites 
garden feeding in the UK was used as template. Building type, sex and estimated age of the 
respondent, as well as reaction to the survey topic were noted after each survey. No other 
personal data were collected, and spatial coordinates were used as only reference.  

I used the building layer of the Swiss digital topographic model Vector25 (Swisstopo 2007) 
to get the positional data of all the buildings within a subset of the study area to which 
potentially present the questionnaire. To better cover the selected area and avoid 
clustering of the sample locations, I opted for a stratified sample with a ratio of 1:2 between 
buildings inside and outside of settlements. The sampling was performed with the sp 
package (Pebesma and Bivand 2005). During the months of field work, information 
regarding red kite feeders was gathered. In addition to the random sample, the 
questionnaire was presented to these people known to feed red kites, as well as to 
suspected feeders indicated by the randomly sampled people. This sample was categorized 
as non-random, and allowed increasing the chances of finding most of the major feeders. 
Whenever no person was found at one of the survey points, the closest house was used as 
replacement building.  

 

2.3.2. Statistical analyses 

Landscape prediction 

To analyze the influence of spatial parameters on the presence of feeders, I used a logistic 
generalized linear model with feeder or non-feeder as response variable. Spearman’s rank 
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correlation tests were used to exclude highly correlated independent variables. The model 
to be used for the prediction analysis was selected through backward elimination based on 
Akaike Information Criterion (AIC) (Burnham and Anderson 2002). I extracted from the 
Swiss digital topographic model Vector25 (Swisstopo 2007) spatial information on four 
types of land-cover: settlements, woodlands, fields and water. With these four layers I 
created a raster grid of 10x10m, which I used to determine the percentage of each type of 
land-cover present in a 300m radius around each surveyed household. To these parameters 
I added the number of buildings present within the same radius, the elevation at the 
household location - both taken from Swisstopo (2007) - and the distance to the nearest 
breeding red kite nest. The final model was used to generate a raster matrix of 300x300m 
with the presence probability of feeders. 

 

Potential feeders 

For a numerical estimation of the potential households feeding red kites (Npotential), I firstly 
calculated the proportion of feeders from the randomly selected households both for 
outside (Poutside) and within settlements (Psettlements). This differs from the proportions of all 
feeders because part of the sample was not random. Second, I compared the number of 
inhabited houses (Office for Statistics Canton of Fribourg STATA 2015) with the total 
number of buildings present in the Sense district (Vector25). This proportion was then 
applied to both the number of buildings outside and within settlements in the study area, 
and used to approximate the number of inhabited houses outside (Houtside) and respectively 
within (Hsettlement) settlements. Npotential was finally obtained by multiplying the proportion 
of feeders with the respective number of houses:  

𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝐻𝐻𝑝𝑝𝑜𝑜𝑝𝑝𝑜𝑜𝑝𝑝𝑜𝑜𝑝𝑝 × 𝑃𝑃𝑝𝑝𝑜𝑜𝑝𝑝𝑜𝑜𝑝𝑝𝑜𝑜𝑝𝑝 + 𝐻𝐻𝑜𝑜𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝 × 𝑃𝑃𝑜𝑜𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝 

 

Food provided  

To calculate the mass of food provided by the surveyed households, I first transformed 
frequency and seasonality of the feeding events in number of feeding days in a year (Fdays). 
For the frequency, “several times a week” counted as 3.5/week, and “once or twice a week” 
counted as 1.5/week. For seasonality, people either fed all year round or during winter. The 
latter was counted as 90 days (ca. December-February). For the estimated mass of food 
placed at each feeding (Mfood), “less than 200g” counted as 100g, “more than 1kg “ counted 
as 1500g, and for the rest the mid value was used (e.g. 400-600g counted as 500g).  
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The total amount of food provided by garden feeding was separated depending on whether 
the feeding occurred during the red kite breeding (March-September) or wintering 
(October-February) season. Year-round feeders thus provided food for 214 and 151 days 
for breeding and wintering season respectively, while winter feeders provided only for the 
latter. Consequently, the proportion of feeders providing food during breeding season 
(Pbreeding) was equal to the proportion of year-round feeders; the proportion of feeders 
providing food during wintering season (Pwintering) was equal to the sum of the proportion 
of winter feeders and year-round feeders. The total daily mass provided during the 
breeding season (Mbreeding) and wintering season (Mwinter) was given by: 

𝑀𝑀𝑏𝑏𝑏𝑏𝑝𝑝𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑏𝑏 = ∑ �𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ×𝑀𝑀𝑓𝑓𝑓𝑓𝑓𝑓𝑑𝑑

214
�𝑝𝑝

𝑝𝑝=1   year-round feeders 

𝑀𝑀𝑤𝑤𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑝𝑝𝑝𝑝𝑏𝑏 = ∑ �𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ×𝑀𝑀𝑓𝑓𝑓𝑓𝑓𝑓𝑑𝑑

151
�𝑝𝑝

𝑝𝑝=1  year-round and winter feeders 

To highlight possible differences between the two seasons, I tested frequency of 
feeding (Mann-Whitney U), daily mass provided (Student’s t-test) and type of food used 
(chi-squared).   

 

Red kites supported 

The number of red kites supported by the confirmed garden feeding (Smin or max) was 
calculated dividing the total mass of food daily provided (Mbreeding or wintering) by the minimum 
and maximum daily food requirements of the kites (Rmin or max), estimated at 80g and 180g 
(Barton and Houston 1993, Carter 2007):  

𝑆𝑆𝑠𝑠𝑝𝑝𝑝𝑝 𝑝𝑝𝑏𝑏 max  (𝑏𝑏)𝑝𝑝𝑏𝑏 (𝑤𝑤) =
𝑀𝑀𝑏𝑏𝑏𝑏𝑝𝑝𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑏𝑏 𝑝𝑝𝑏𝑏 𝑤𝑤𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑝𝑝𝑝𝑝𝑏𝑏

𝑅𝑅𝑠𝑠𝑝𝑝𝑝𝑝 𝑝𝑝𝑏𝑏 𝑠𝑠𝑝𝑝𝑚𝑚
 

The number of red kites potentially supported by garden feeding within the study area 
(Spotential (b) or (w)) was obtained with the average daily mass provided by each household 
during breeding and wintering season (Abreeding or wintering) and the potential number of 
households feeding red kites (Npotential) adjusted for the proportion of feeders during the 
breeding or wintering season (Pbreeding or wintering): 

𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (𝑏𝑏) 𝑝𝑝𝑏𝑏 (𝑤𝑤)  =
𝐴𝐴𝑏𝑏𝑏𝑏𝑝𝑝𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑏𝑏 𝑝𝑝𝑏𝑏 𝑤𝑤𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑝𝑝𝑝𝑝𝑏𝑏  × 𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ×  𝑃𝑃𝑏𝑏𝑏𝑏𝑝𝑝𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑏𝑏 𝑝𝑝𝑏𝑏 𝑤𝑤𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑝𝑝𝑝𝑝𝑏𝑏

𝑅𝑅𝑠𝑠𝑝𝑝𝑝𝑝 𝑝𝑝𝑏𝑏 𝑠𝑠𝑝𝑝𝑚𝑚
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3. RESULTS 

3.1. Feeding treatment 

3.1.1. General results 

During the breeding period, only at 31.6% (N = 12 of total 38) platforms red kites 
successfully accepted the supplemented food. At 57.9% (N = 22) of the platforms food 
never disappeared, at 7.9% (N = 3) food only disappeared sporadically and no red kite was 
observed feeding, and at 2.6% (N = 1) crows took all the placed food. On average, the 
feeding period at the successful platforms lasted 89.9 (± 18.8) days per platform and had 
0.44 (± 0.04) feeding events per day. A mean amount 7.9 (± 2.0) chicks, each weighting 
38.6g (± 2.3), was provided per day per nest, amounting at 214.2 - 404.9 grams of daily food 
provided.  

Within the study area, a total of 88 nests were observed breeding (figure 2a). The number 
of breeding pairs per km2 was 0.23. Of these, 69 nests with total 113 hatchlings (1-3 per 
nest) were considered for the analyses (table 2 and figure 2b). The excluded nests were the 
ones attempted to be fed (N = 17) and the nests that started the feeding treatment at 
advanced nestling growth stage (N = 2). Data of weight was collected for 52 control and 14 
fed nestlings that survived up to the tagging, belonging respectively to 36 and 9 different 
nests.  

 
Figure 2. Map of the study area with a) the distribution of the feeding treatment for all breeding nests and b) 
the breeding success of fed and control nests used in the analysis. Red circles indicate territories. 

 

a) b) 
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No significant difference was found between nests that accepted the feeding treatment 
and control nests regarding elevation (Z = -1.532, p = 0.128), breeding density (Z = 0.281, p 
= 0.789) and presence probability of feeders (Z = -0.665, p = 0.513). Similar results were 
obtained between nests that accepted and nests that refused the treatment: elevation (Z = 
-0.089, p = 0.950), breeding density (Z = -1.238, p = 0.227), presence probability of feeders 
(Z = -0.798, p = 0.438).  

 

Table 2. Comparison of fed, control and attempted fed nests that were observed breeding. Nest and nestling 
values for attempted fed nests are not reported since not considered for further analyses.   

 

3.1.2. Complete sample 

Breeding success was significantly affected by an interaction between feeding treatment 
and number of hatchlings (figure 3a). Feeding had a positive effect on breeding success that 
decreased with increasing number of hatchlings. Given that maximum number of hatchlings 
was 3, feeding effect remained positive. Feeding also had a significant positive effect on 
number of hatchlings (figure 3b). Number of fledglings increased significantly with greater 
number of hatchlings, but no significance was found for the effect of feeding. The effect 
size of the latter, however, was similar to the effect of number of hatchlings, and it was 
much higher compared to the effects of elevation and breeding density. In a model without 
number of hatchlings, the effect size of feeding increased, but remained not significant 

 Fed Control Attempted fed 
N nests 12 57 17 

successful 9 (75.0%) 33 (57.9%) - 
unsuccessful 3 (25.0%) 24 (42.1%) - 

N hatchlings 24 89 - 
tagged 14 (58.3%) 52 (58.4%) - 
fledged 13 (54.2%) 44 (49.4%) - 
dead (not fledged) 11 (45.8%) 45 (50.6%) - 
hatchlings per nest 2 (± 0.74) 1.56 (± 0.66) - 
fledglings per nest 1.01 (± 0.80) 0.77 (± 0.76)  
Weight-wing ratio* 29.62 (± 1.36) 29.83 (± 2.69) - 

    
Elevation [m.a.s.l.] 793.1 (± 146.0) 749.5 (± 131.8) 783.7 (± 168.6) 
Breeding density 1.0 (± 0.9) 1.2 (± 1.3) 0.6 (± 0.9) 
Feeder probability [%] 63.4 (± 21.9) 52.6 (± 29.1) 55.7 (± 25.8) 

* Cube root of weight [g] / wing length [mm] x 1000 
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(effect size = 0.343, F = 1.925, p = 0.170). At the individual level, weight increased with wing 
length (used to control for age differences) and was strongly affected by feeding treatment 
(figure 3c). Nestling survival was negatively affected by number of siblings (figure 3d). 
Feeding treatment affected positively survival with increasing elevation, but at the lowest 
altitudes control nestlings had better survival rates. Feeding enhanced nestling survival at 
lower breeding density and reduced its effect with the increase of the latter (see table 3 for 
a summary of the statistical models). 

 

Figure 3. Results from the complete sample analyses.  a) Breeding success relative to treatment and number 
of hatchlings; b) Percentage of number of hatchlings per nest with and without treatment; c) weight increase 
as a function of wing length and treatment; d) Nestling survival relative to treatment and number of siblings. 

a) b) 

c) d) 

14 
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Table 3. Statistical summary of the models used to analyze breeding parameters in the complete sample 
analyses.  

 Effect size Std. Error F value* P value 
Breeding success (Nnests = 69) GLM: binomial 

intercept 0.369 0.285 1.293 0.196 
feeding 2.565 1.521 1.686 0.092 
elevation -0.325 0.282 -1.152 0.249 
breeding density 0.304 0.272 1.119 0.263 
hatchlings 0.457 0.315 1.452 0.147 
feeding : hatchlings -2.341 1.126 -2.078 0.038 

Nr. hatchlings (Nnests = 69) GLM: Gaussian 
intercept 1.559 0.089 - < 0.001 
feeding 0.451 0.215 4.394 0.040 
elevation -0.068 0.084 0.651 0.423 
breeding density -0.070 0.084 0.700 0.406 

Nr. fledglings (Nnests = 69) GLM: Gaussian 
intercept 0.791 0.100 - < 0.001 
feeding 0.201 0.248 0.659 0.420 
elevation -0.053 0.094 0.319 0.575 
breeding density 0.078 0.094 0.685 0.411 
hatchlings 0.216 0.095 5.201 0.026 

Weight (Nnestlings = 66; Nnests = 45) LMM 
intercept 9.658 0.054 - < 0.001 
wing 0.203 0.032 39.192 < 0.001 
feeding 0.271 0.123 4.845 0.034 
elevation -0.009 0.053 0.029 0.865 
breeding density 0.068 0.053 1.685 0.202 
siblings -0.010 0.052 0.039 0.844 

Survival (Nnestlings = 113; Nnests = 69) GLMM: binomial 
intercept -7.122 2.909 -2.449 0.014 
feeding 19.769 5.216 3.790 < 0.001 
elevation -16.738 3.932 -4.257 < 0.001 
breeding density -0.474 2.701 -0.175 0.861 
siblings -13.095 2.518 -5.200 < 0.001 
feeding : elevation 48.335 12.486 3.871 < 0.001 
feeding : breeding density -15.707 5.868 -2.677 0.007 

*For the breeding success and survival analysis, Z value is reported. 
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3.1.3. Territories 

In the analysis grouped by territories, fed nests globally performed better in all but one 
territory (table 4). Wilcoxon signed-rank tests revealed a significant higher number of 
hatchlings per nests (Z = 2.201, p = 0.016). Despite the improved performance, no 
significant increase in breeding success (Z = 0.943, p = 0.219), number of fledglings (Z = 
1.265, p = 0.125) and hatchling survival (Z = 0.734, p = 0.281) was found. Weight to wing 
ratio was similar in both fed and control nests (Z = 0.105, p = 0.5).   

 

 Table 4. Mean values and proportions of fed and control nests within territories.  

 

Territory Treatment N 
Successful 

nests 
Nr. 

hatchlings 
Nr. 

fledglings 
Weight-

wing ratio* 
Hatchlings 

survived 

A fed 3 1 (33%) 
2.33  

(± 0.58) 
0.33  

(± 0.58) 
30.04 14% 

 control 4 4 (100%) 2 (± 1.15) 
1.25  

(± 0.5) 
29.69  

(± 1.83) 
63% 

B fed 2 1 (50%) 
2.5  

(± 0.71) 
1  

(± 1.41) 
29.58 40% 

 control 3 2 (67%) 
2.33  

(± 0.58) 
0.67  

(± 0.58) 
29.77  

(± 3.28) 
29% 

C fed 3 3 (100%) 
1.67  

(± 1.15) 
1.33  

(± 0.58) 
29.85  

(± 1.54) 
80% 

 control 5 3 (60%) 
1.4  

(± 0.55) 
1  

(± 1) 
29.94  

(± 1.13) 
71% 

D fed 1 1 (100%) 2 2 29.70 100% 

 control 4 3 (75%) 
1.5  

(± 0.58) 
1 (± 0.82) 

29.99  
(± 2.84) 

67% 

E fed 2 2 (100%) 
1.5  

(± 0.71) 
1.5  

(± 0.71) 
30.24  

(± 0.96) 
100% 

 control 8 2 (25%) 
1.25 

(± 0.46) 
0.38  

(± 0.74) 
30.56  

(± 1.50) 
30% 

F fed 1 1 (100%) 2 1 29.93 50% 

 control 3 2 (67%) 
1.67  

(± 0.58) 
1  

(± 1) 
28.28  

(± 2.77) 
60% 

* Cubic root of weight [g] / wing length [mm] x 1000 
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3.2. Garden feeding 

3.2.1. Landscape prediction 

The final model used to predict the presence of feeders included as parameters the number 
of buildings and the land-cover field and water (AIC = 160.7, df = 209). Elevation, forest 
cover and distance to the nearest breeding nest were excluded through model reduction, 
while settlement cover was removed because highly correlated with number of buildings 
(Spearman’s rho = 0.81, p < 0.01). The number of buildings showed a significant negative 
effect on the probability of feeder presence (Z = -2.53, p = 0.012), while the land-cover field 
and water had only a marginal negative impact (field: Z = -1.06, p = 0.290; water: Z = -1.60, 
p = 0.110). The presence probability of feeders within the study area ranged from 0 to 0.78 
(figure 4a). 

 

 

 

 

 

 

Figure 4. a) Raster grid of the study area with presence probability of feeders. b) Location of surveyed 
households. 

a) b) 
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3.2.2. Potential feeders 

Of the 199 randomly sampled households, 67.3% (N = 134) were located outside of 
settlements and 32.7% (N = 65) were located within settlements. The proportion of feeders 
outside settlements (Poutside) was 12.7% (N = 17 out of 134; 95% CI: 8.1 - 19.4), with 82.4% 
(N = 14) being non-intentional feeders. Within settlements the proportion of feeders 
(Psettlement) was 4.6% (N = 3 out of 65; 95% CI: 1.6 - 12.7) with 66.6% (N = 2) being non-
intentional feeders (table 5). Inhabited houses represented the 83.6% (95% CI: 83.0 - 84.2) 
of all buildings in the Sense district of the canton of Fribourg, to which most of the study 
area belongs. Within the study area, the total number of inhabited houses was estimated 
at 19’725, with 5’543 (95% CI: 5’424 - 5’661) located outside of settlements (Houtside) and 
14’182 (95% CI: 14’064 - 14’301) located within settlements (Hsettlement).  The potential 
feeders outside of settlements were 704 (439-1’098, using upper and lower CI for both 
household number and proportion of feeders), and 652 (225 - 1’816) within settlements. 
Npotential was equal to 1’355 (664 - 2’914). 

 

Table 5. Proportion of feeders based on total and random sample, categorized by location. 

 

3.2.3. Food provided 

Of the total 210 households surveyed, 8.6% (N = 18) fed red kites all year round and 4.8% 
(N = 10) fed red kites during winter (figure 4b). While 5.2% (N = 11) of the households were 
intentionally feeding, 8.1% (N = 17) were involuntarily feeding, aware that red kites profited 
from their kitchen scraps or farm wastes but not minding the fact. The feeders were either 
living in farmhouses (71.4%, N = 20) or in houses with gardens (28.6%, N = 8). Most of the 
households had been feeding for a long time, with 14.3% (N = 4) feeding for more than 10 
years, 32.1% (N = 9) for 5-10 years, 28.6% (N = 8) for 3-5 years, 21.4% (N = 6) for 2-3 years, 
and 3.6% (N = 1) for less than 2 years. The most common food made available to kites was 
livestock afterbirth (10), followed by kitchen scraps (8), meat (7, both raw and cooked from 
different animals), and carrion (3).  

 outside settlement total 
N total 144 66 210 

feeders - all 24 (16.7%) 4 (6.1%) 28 (13.3%) 
feeders - intentional 9 (6.3%) 2 (3.0%) 11 (5.2%) 

N random 134 65 199 
feeders - all 17 (12.7%) 3 (4.6%) 20 (10.1%) 
feeders - intentional 3 (2.2%) 1 (1.5%) 4 (2.0%) 
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Of all feeders, 64.3% (N = 18) provided food during the breeding season (Pbreeding). The total 
mass of food provided per day (Mbreeding) was 3419.7 grams, with a household average 
(Abreeding) of 190.0 (± 236.6) grams per day and 86.4 (± 56.3) days of feeding per year (Fdays). 
All feeders (100%, N = 28) provided food during the wintering season (Pwintering). The daily 
mass of food provided (Mwintering) was 4929.0 grams, averaging at 176.0 (± 203.2) grams per 
household (Awintering) and 45.6 (± 39.0) days of feeding per year. No significant difference 
between seasons was found regarding the frequency of feeding (Z = -0.877, p = 0.381), the 
daily mass provided (t = 0.206, df = 32.37, p = 0.838) or the type of food provided (X-squared 
= 2.234, df = 3, p = 0.525). Details regarding the distribution of feeding between settlements 
and non-settlements can be seen in table 6. 

 

Table 6. Summary of the frequency, intensity and typology of feeding categorized by location and season. 

 

 outside settlement total 
N feeders 24 4 28 
Season: breeding 14 (58.3%) 4 (100%) 18 (64.3%) 

Abreeding [g/day] 166.4 (± 259.6) 272.5 (± 115.8) 190.0 (± 236.6) 
Fdays 81.7 (± 50.7) 103.0 (± 79.4) 86.4 (± 56.3) 
Mbreeding [g/day] 2329.6 1090.1 3419.7 
Smin-max (b) 13 - 29 6 - 14 19 - 43 

Season: wintering 24 (100%) 4 (100%) 28 (100%) 
Awintering [g/day] 160.0 (± 211.7) 272.5 (115.8) 176.0 (± 203.2) 
Fdays 41.1 (± 35.0) 72.7 (56.0) 45.6 (± 39.0) 
Mwintering [g/day] 3838.9 1090.1 4929.0 
Smin-max (w) 21 - 48 6 - 14 27 - 62 

Feeding years    
< 2year - 1 (25.0%) 1 (3.6%) 
2 - 3 years 6 (25.0%) - 6 (21.4%) 
3 - 5years 8 (33.3%) - 8 (28.6%) 
5 - 10years 8 (33.3%) 1 (25.0%) 9 (32.1%) 
> 10years 2 (8.3%) 2 (50%) 4 (14.3%) 

Food type    

meat 6 (25.0%) 1 (25.0%) 7 (25.0%) 
placenta 9 (37.5%) 1 (25.0%) 10 (35.7%) 
kitchen scraps 7 (29.2%) 1 (25.0%) 8 (28.6%) 
carrion 2 (8.3%) 1 (25.0%) 3 (10.7%) 
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3.2.4. Red kites supported 

Minimum and maximum number of red kites supported by the known feeders during the 
breeding season (Smin – max (b)) is 19 and 43, whereas the number supported during the 
wintering season (Smin – max (w)) is 27 – 62 (table 6). Within the study area, the potential 
number of red kites daily supported by garden feeding during the breeding season (Spotential 

(b)) is 920- 2’069, given by Abreeding, Npotential, Pbreeding and Smin or max. During the wintering 
season red kites potentially daily supported (Spotential (w)) are 1’325 – 2’981.  
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4. DISCUSSION 

4.1. Supplementary feeding 

The studied individuals of red kite reacted positively to feeding supplementation. As 
expected in the initial hypotheses, fed nests showed globally enhanced breeding 
performance compared to control nests. Breeding success, number of hatchlings and 
survival of the nestlings were significantly improved by feeding treatment. In general, the 
same trends were observed in the analysis of territories. Breeding density, as well as 
elevation, affected nestling survival when combined with the treatment, decreasing and 
respectively increasing the positive effect of feeding. The collective results suggest that 
food plays a critical role in the breeding performance of red kites and spatial variation in 
food availability can greatly affect the productivity of red kite populations. 

Supplementary feeding could be acting more or less directly on different factors that might 
then translate in enhanced breeding parameters. Since food was not supplied directly to 
the nestlings but put at disposal of the parents, we can speculate that the major effect of 
the feeding treatment occurred by modulating the parent-offspring conflict. Breeding 
success, to start with, needs to be investigated in terms of nestling survival since all 
analyzed nests had at least one hatchling. Some observations suggest that red kites adopt 
like many other birds of prey a brood reduction strategy, which consists in favoring the 
survival of the largest nestling (given by hatching asynchrony) in case of food scarcity 
(Newton 1979, Veiga and Hiraldo 1990). Thanks to the easily accessible food granted by the 
feeding treatment, parents might increase the feeding rate of the nestlings without 
allocating more energy to the foraging effort. If that is the case, then brood reduction due 
to starvation should decrease in fed nests. The studied population presents equivocal 
results in this regard. The difference rate of survival between fed and control nestlings was 
mainly to be found in nests with a single nestling, while survival for nestlings with one or 
two siblings was similar with or without feeding treatment. Given that caring for larger 
brood is generally more demanding and siblings compete for resources (Martin 1987), it is 
unclear why the treatment affected survival almost exclusively in lone nestlings.  

A factor that might further hinder interpretations on the matter is the significant interaction 
between breeding density and feeding treatment on the survival of the nestlings, as well as 
that of elevation and treatment. If taken alone, the first interaction might be explained for 
example by breeding density representing an increasing number of kites that might exploit 
the supplementary food on the feeding platform, thus reducing the additional food made 
available for the targeted nest. The second interaction – between feeding and elevation – 
could indicate that supplementing nest at higher elevations might have a greater impact 
due to the natural lower food availability (Boyle et al. 2016). However, the combined effects 
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of these interactions and the additional effect of the number of siblings render the analysis 
of the observed survival patterns a challenging task. More targeted studies are likely 
needed to disentangle the effects of these different variables and better understand the 
factors affecting survival and brood reduction strategy.  

The higher survival of fed nestlings however is not necessarily linked to higher feeding rates. 
Some studies observed that parents maintained or even decreased the parental effort 
during food supplementation, likely to invest more energy in self-maintenance (e.g. Wiehn 
and Korpimäki 1997, Eldegard and Sonerud 2010). Consequently, the lower mortality of fed 
nestling could be caused by other factors besides lower starvation. One additional way in 
which feeding treatment might have affected nestling survival is through reduced 
predation. Predation by northern goshawk Accipiter gentilis, for example, was the cause of 
death for 27.5% of the monitored nestlings in central Germany (Gottschalk and Wasmund 
2014), whereas most red kites nesting close to corvids did not breed successfully (Davis and 
Newton 1981). Food supplementation can allow parents to reduce – beside energy – the 
time necessary to forage and thus remain more often close to the nest to guard it from 
potential predators (Ennedy 2001). Parents from fed nests were likely required to leave less 
frequently the proximity of the nest to forage, and the feeding platform was located close 
enough to demand a very limited time to be reached. Higher nestling survival of fed nest 
could consequently be linked to the effect of food supplementation on predation pressure.  

The reduced time necessary to forage given by supplementary feeding can also have 
important effects in the early breeding stages. The higher hatching success in fed nests 
suggests that the feeding treatment influenced the parental behavior during incubation. 
Hatching success can be affected by the amount of time spent incubating, which is higher 
in parents with better body condition or greater provisioning of food by mates (Martin 
1987). Since supplementary feeding started slightly before or possibly at the very beginning 
of incubation, fed red kites might have been in better conditions when incubation started 
or they might have had greater food provisioning by their mates given the proximity of the 
feeding platform. This might have resulted in increased nest attentiveness during 
incubation and possibly explain the increased hatching success.     

The effect of supplementary feeding on nestling weight might be the most prone to 
misinterpretation. One problematic component of analyzing weight is the combined 
influence of siblings’ number and the eventual timing of their death. In general, larger 
broods are more likely to have nestlings with lower mean weight due to the higher parental 
effort required to sustain them (Martin 1987). If mortality of one sibling occurs in the early 
growth stage, the living siblings might have time to “catch up” with the body condition, and 
the measured weight at tagging might be similar to the one expected for nestlings with that 
number of living siblings. However, if mortality occurs shortly before tagging, nestlings 
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might not have time to catch up, and their weight might result lower than expected. A 
second factor that might cause uncertainty in the analysis of weight is the use wing length 
to control for nestling age. Viñuela and Ferrer (1997) argued that red kites nestlings are 
able to reduce growth rate in order to save energy for self-maintenance. If this is the case, 
then weight- wing length ratio could remain unchanged (heavy and large vs. light and small) 
and indications of worse physical condition would be missed. Despite the complete sample 
analysis showed positive effect of feeding treatment on nestling weight, the lack of positive 
trends in the territory analysis and the potential problems just mentioned suggest that 
more accurate data needs to be collected before investigating correlation between food 
supplementation and body condition. 

Number of fledglings is nothing less than the number of survived hatchlings. Given the 
significant increase in hatchling number and survival in fed nests, it comes a bit as a surprise 
that the effect of feeding on number of fledglings was not likewise significant. It is likely 
that feeding might indeed have had an influence on number of fledglings – as indicated by 
the strong effect found in the complete sample analysis and the trend in the territory 
analysis – but this influence was more difficult to show. Territory analysis also presented 
positive trends for breeding success and nestling survival, but they too did not show explicit 
significance. Close by nests might show more similar breeding performances due to spatial-
related factors, but it can also be that the tests chosen, with reduced sample and use of 
medians, might have lowered the statistical power of the analyses. 

Comparing the found breeding performance with other studies, we can see that 
productivity (i.e. number of fledglings per breeding pair; fed = 1.01, control = 0.77) 
remained lower than observed in most other red kite populations (mostly above 1.0, 
summarized in Mougeot and Bretagnolle 2006).  One possible explanation is a density-
dependent reduction of productivity in increasing populations (Newton 1988). The 
recorded breeding density in the study area (0.23 pairs/km2) does not seem particularly 
limiting in comparison with other red kite populations (0.03 – 1.8 pairs/km2, summarized in 
Carter 2007), but habitat quality might be – despite garden feeding – lower, decreasing the 
ideal breeding density. Breeding density at a smaller scale (within 1km of the nests) did not 
seem to affect the overall breeding performance (besides survival). Since red kites can cover 
great distances to forage (Pfeiffer and Meyburg 2015), this variable might be more of an 
indication of territory competition than overall competition for food resources, which might 
be better represented by large-scale breeding density. Other factors that might limit 
productivity at the population level are habitat quality (Mougeot and Bretagnolle 2006), 
parental experience (Evans et al. 1999), low levels of natural food availability and weather 
conditions (Davis and Newton 1981). 
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4.2. Garden feeding 

The results show that garden feeding targeted, both intentionally and not, at red kites is a 
common activity that has been present for several years in the study area and that has the 
potential of daily supporting an elevated number of kites.  

The survey showed an almost triplicated percentage of feeders outside of settlements 
compared to within (12.7% vs. 4.6%). This proportion of feeders is similar to the one found 
by Orros and Fellowes (2015) in the UK, amounting to 4.6% in an urbanized area and 13% 
(Orros and Fellowes 2015, unpublished data) in a more rural village. In the study area, this 
difference in feeders presence might be a result firstly of the agricultural landscape, where 
housing density is low (in the whole study area: 39.5 houses/km2) and most houses have at 
their disposal a garden or an open space where red kites can eventually scavenge for food, 
and secondly of the agricultural routine, which can include people disposing of kitchen 
wastes out in the open or farmers leaving livestock after-birth or small carrions in the fields. 
As observed, this implies the presence of non-intentional garden feeding. The involuntary 
feeders are aware that red kites and other birds profit from their activities and habits, but 
this relationship is seen as a sort of natural interaction. Red kites do indeed benefit from 
people in this contest, but at the same time they offer an important ecosystem service by 
cleaning wastes and carrion remains (Sekercioglu 2006). In the past, similar interactions 
with red kites where observed in London, where this bird would forage on the available 
waste, cleaning the streets (Harrison and Reid-Henry 1988). Nowadays for example, it has 
been reported that red kites feeding on livestock after-birth can save time and money that 
would be needed if manually removing it from the fields (Anderson 2009, Raptor Politics 
2016).  

The fact that most households have been feeding for several years suggests that a long-
term effect of this activity might already be acting on the red kites in the area. Given the 
increasing presence of red kites on the Swiss Plateau, obvious negative effects that would 
normally reduce population size (e.g. lower breeding success, higher mortality) have not 
yet been observed. However, considering the conflicting results of studies on the use of 
supplementary feeding as conservation strategy, there is limited knowledge about possibly 
hidden effects that could have an impact on the population in the longer term. Studies on 
supplementary feeding have observed for example reduced health of the target species due 
the use of medicated domestic species as food (Blanco et al. 2011) and the promotion of 
individuals with lesser fitness due to the facilitated survival (Plummer et al. 2013). 

Despite the unawareness on whether such negative effects are present or not, the observed 
garden feeding lacks three flaws of feeding stations for birds of prey and scavengers. All 
three following aspects have been proposed to improve supplementary feeding 
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conservation strategies (Cortés-Avizanda et al. 2016). First of all, the food provided comes 
from various sources – not exclusively meat based – and none of the red kite pairs 
monitored at the nest were observed feeding from anthropogenic food only. Mice, small 
birds and other prey were still hunted/scavenged in both fed and control nests. Given the 
diversity of food sources, the risk of imposing an unhealthy diet should be lower than when 
using the same source (see Blanco et al. 2011). Second, the amount of food made available 
by local feeders is in many cases exiguous. Livestock after-birth is the most common source 
of food above 1kg, while only two other feeders provide more than 1kg of food at once. 
Consequently, big aggregations of birds of prey and other scavengers are not frequent, 
minimizing the chances of agonistic encounters that might be detrimental to the breeding 
success of pairs nesting in the proximity of feeding locations (Carrete et al. 2006). Third, 
most feeding events are not scheduled, but depend on factors such as availability of 
people’s leftovers or timings of livestock births. While the locations of regular feeders might 
be known, red kites cannot speculate on certain presence of food at specific time. This kind 
of temporal unpredictability of feeding has been found to favor inter- and intraspecific 
coexistence in scavengers (Cortés-Avizanda et al. 2012, Duriez et al. 2012). 

To recapitulate, we can state that a high number of red kites is possibly supported by garden 
feeding. Although the survey results allowed estimating the potential number of red kites 
supported, more precise data would be required to better quantify how many kites actually 
profit from this additional food (for example by estimating the amount of food taken 
specifically by red kites and not by other species). But a second aspect worth mentioning, 
is that garden feeding might not only affect a high number of red kites and other birds, but 
it might also affect a high number of people engaged in this activity. Bird feeding is an 
opportunity to strengthen the human relationship with nature and regularly feeding birds 
might increase the environmental awareness of the feeders, ultimately favoring 
conservation efforts (Fuller et al. 2012).  

 

4.3. Summary 

By looking at the combined results of both supplementary and garden feeding, we can see 
that despite the extent, garden feeding provides only a limited amount of food to breeding 
red kites, or else, there would be no or little difference in the breeding performance 
between fed and control nests. It is possible that food provided by garden feeding is favored 
by inexperienced individuals and non-breeders as observed in black kites (Blanco 1997) and 
vultures (Moreno-Opo et al. 2015), or that it is of higher relevance during the winter 
months, when natural food is scarce and weather conditions are harsh (Davies and Davis 
1981, Carter 2007). In these cases, garden feeding might enhance the survival of breeding 
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kites during winter and that of inexperienced individuals year-round, possibly playing a role 
in the expanding Swiss population of red kite (Oro et al. 2008, Knaus 2010). 
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CONCLUSION 

Understanding the mechanisms and the extent to which garden feeding affects populations  
of red kites and other species is necessary for evaluating the need of management actions 
and developing management recommendations. Given the large amount of food provided, 
garden feeding (intentional or not) could change the balance and interactions between 
different species. This topic is receiving increasing attention in urban settings, but garden 
feeding in modern rural landscapes is a much understudied subject. Monitoring such a 
widespread activity would be a challenging task, but guidelines could be used to advise 
feeders on the best way to provide food and dispose of wastes.  
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APPENDIX 

A. Garden feeding questionnaire 

 

Introduction. Questionnaire to investigate red kites’ potential feeders. The questions were 

asked in a conversational way, with no fixed order. Please note that not all questions are 

discussed in the main text. 

1.  Do you feed, or have you ever fed, red kites in your garden? 

 Yes / Yes, but not anymore / No [if ‘No’, only questions ten and eleven were asked] 

2.  At what times of year do (or did) you feed red kites?  

All year / Autumn-Winter / Spring-Summer / Winter-Spring / Other  

3. How often do (or did) you usually feed them?  

Daily / Several times a week / Once or twice a week / Fortnightly / Monthly / Less often / 

Other 

4.  What types of food do (or did) you put out for red kites? (select all that apply)  

a) Meat / Kitchen scraps / Carcasses / Placenta / Others 

If meat:  b) with bones / without bones 

                c) cooked / raw 

5.  A. When you feed (or fed) red kites, approximately how much food do (or did) you 

usually put out at one time?  

Under 200 grams / 200 to 400 grams / 400 to 600 grams / 600 to 800 grams / 800 grams 

to 1 kilogram / Over 1 kilogram / Other 

6. Have you ever observed red kite coming to feed from the given food? 

Yes / No 
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7.  Approximately how long have you been feeding red kites? (Or for how long did you 

feed in the past).  

Under three months / Three to five months / Six to 11 months / One year to one year 11 

months / Two years to two years 11 months / Three years to four years 11 months / Five 

to ten years / Over ten years 

8. Why do (or did) you feed red kites? Please select the most appropriate answer(s) for 

you. (select all that apply)  

To help conserve them / I like to see them close up / A friend or neighbor suggested it / 

To take photographs / To use up left-over food / Other 

9. If you no longer feed red kites, why did you stop?  

10.  Do you feed other wild birds in your garden? 

Yes / No 

11. Do you know anybody who feeds red kites?  

Yes / No 
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