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Abstract - The quickly increasing prevalence of 
Unmanned Arial Vehicles (UAV’s), will have 
animals confronted with them in unexpected 
ways. In this paper it is argued that research 
concerning interactions between animals and 
UAV’s, should be developed from a perspective 
of scalable, autonomous, data gathering. A 
research setup that is designed from that 
perspective, with a focus on birds, is presented 
and its feasibility as a successful data gathering 
setup is assessed by means of a test case. This 
test case shows, that in response to quadcopter 
flight, carrion crows avoid a foraging site, 
egyptian geese are unaffected, and eurasian 
magpies and jackdaws shorten their visit 
duration. As this successful test case supports  
usability of the proposed setup, current 
shortcomings and future opportunities in this 
direction are discussed. 
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1. The emergence of  animal-UAV  
interaction research 

Animal-robot interaction is a field of  growing interest in 
which an increasing amount of  successful studies are 
being conducted. For example, robotic cockroaches that 
were accepted as conspecifics (based on odour), have 
been used to investigate the mechanisms of  communal 
shelter seeking in cockroaches [1]. Multiple experiments 
with robotic fish have been carried out to investigate a 
range of  topics, such as cooperation in predator 
inspection [2], collective movement decisions [3] and 
mechanisms of  recruitment and leadership [4]. In 
another study, a rat-like robot that simulated stressful 
and friendly behaviour was used to investigate how it 
influences real rat behaviour [5]. 

These studies developed robots with the aim to 
imitate the animal that was being researched. This 

technique of  imitation, has proven to be useful for 
testing existing hypotheses about animal social 
behaviour. Rather than trying to imitate a complete 
animal, another approach is designing a robot that 
evokes certain stimuli that trigger an animal. 

For example, an autonomous mobile robot with a 
heat source that attracted quail chicks, was used to gain 
insight in the role of  spatial experience on behavioural 
development [6]. In another research Vaughn et al. 
used a robot that repelled a flock of  ducks to study 
automatic flock control [7]. 

Recently Unmanned Arial Vehicles (UAV’s) have 
made their way into wildlife research. Ecologists are 
steadily welcoming this affordable and comprehensible 
piece of  technology, to use in surveying and observing 
animals [8, 9]. The effects that these UAV’s might have 
on wildlife, is the subject of  a number of  recent studies. 

Research concerning bears that were being 
approached by UAV’s,  found a stress response in the 
form of  an elevated heart rate [10]. A study in which 
different types of  UAV’s flew over groups of  grey- and 
harbour seals, resulted in very diverse disturbance 
reactions. The study was inconclusive as to what caused 
the variances among the test cases [11]. 

This last type of  research emerges as a new category 
within the animal-robot interaction field, since the 
robots that are being used, are not specifically designed 
to be interacting with animals. The robots are in the 
first place created for a variety of  human applications 
and make their way into the field of  animal behaviour 
by accident. They are not designed with knowledge about 
stimuli that trigger animals in mind. A helpful way to 
think about these robots in an ecological context, might 
be to describe them as an entirely new species. 

2. Why study animal-UAV interaction? 

Driven by increasingly cheap sensor technology and 
advancements in controlling software, the market of  
UAV’s will be booming in the coming decades [12-14]. 
This flying potential has proven to be enticing, and the 
ideas that companies and researchers have been keen to 
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show off, are being met with an enthusiastic 
mainstream interest. Parcel delivery, human 
transportation, construction and first aid are a few 
among the many possibilities that are actively being 
explored [15-18]. 

2.1 Animal welfare 
	This predicted scale of  prevalence, combined with the 
move of  this technology towards increasing autonomy, 
enforces the notion of  a “new species”, with which 
animals inevitably have to deal. Given that we 
appreciate and respect animals in the way they are 
currently interwoven with our society, taking steps to 
assure future continuation, potentially reinforcement, of  
this relation is very valuable [19]. In the case of  the 
advent of  UAV’s, this will require regulations and 
technical solutions that take animals into account. 
Thinking about this in a meaningful way requires 
insight in the ways animals react to UAV’s. 

2.2 Ecological neutrality 
	From an ecological-research perspective there are two 
main reasons to learn more about animal-UAV 
interaction. Firstly, employing UAV’s during studies asks 
for ethical guidelines which assure that the animal 
under scrutiny is being respected. Secondly, it is 
desirable to learn when an UAV can be excluded as a 
confounding factor during behavioural observations. 

2.3 Animal control 
If  animal response to UAV behaviour could be 
predicted, one could take a programming approach to 
animal control problems. Handling cattle, protecting 
crops, entertaining pets [20] and clearing aviation 
zones, are examples of  areas where such an approach 
has potential. The increasingly lowering price due to 
economies of  scale and the environment independent 
flexibility of  UAV’s, set them apart from other 
automation solutions. 

	  

3. How to study animal-UAV interaction? 

Gathering data within ecological research is a 
notoriously complicated process. It traditionally takes a 
lot of  time and expertise to gather useful amounts of  
data. This has to do with the fact that ecological 
research takes place in a chaotic and uncontrolled 
environment, i.e. nature. UAV’s are well equipped to 
handle the physical side of  this chaos, since they rely on 
air to travel in, can hover in place and are capable of  
precise manoeuvring. Making sense of  this 
environment, i.e. conceptualising nature, is recently 
starting to arise as a technical possibility, because of  

increasing-computer-power-driven applicability, of  
advancements in the field of  computer vision [21, 22]. 
	 UAV’s and computer vision algorithms 
combined, offer an unprecedented research tool that 
has the potential to revolutionise the research field by 
making data gathering less sluggish. Effectively utilising 
this new research tool requires a different view on 
setting up a research; developed from the robot’s 
perspective, instead of  the human perspective. 

When setting up a research with a human observer 
in mind, the types of  data one can gather are almost 
unlimited, but the amount of  data is very much 
restricted. We propose to develop research 
methodologies with autonomous technology in mind. 
In that case, the constraints of  the methodology will be 
dictated by the constraints of  the technology. In other 
words, the types of  data one can gather will be limited. 
But, at the same time, the amount of  data that can be 
collected will hugely increase. Developed autonomous 
technology doesn’t require slowly acquired ecological 
expertise, is scalable and doesn’t sleep. Because of  these 
qualities, autonomous research technologies also offer a 
lot of  potential within the blossoming field of  citizen 
science [23-25]. By employing this approach we 
promote scalable research, targeted at acquiring large 
datasets.  

The value of  acquiring large amounts of  data is 
twofold: Firstly, larger datasets increase the chance of  
finding statistically significant results. Secondly, animal 
behaviour is complex and dependent on an interplay of  
a wide array of  factors. In this sense it shares properties 
with fields like semantic vision and human language. 
Deep neural networks have shown to be of  great help in 
getting a grip on these fields [26, 27]. This type of  
algorithm relies on vast amounts of  data. Gathering 
ecological data on a large scale could aid the 
development of  animal behaviour targeted, neural 
networks [28]. 

Obeying this reasoning, this research is developed 
with a focus on chances for scalable, autonomous data 
gathering. The research itself  is a means towards the 
end of  exploring the viability of  this approach. 

4. Focus on birds 

We focus on birds as a study subject within the animal-
UAV interaction field since (1.) they will be most 
drastically confronted by UAV’s and (2.) bird-UAV 
interaction knowledge is needed most urgently. The 
former because the spread of  UAV’s entails an airspace 
invaded by human technology, a domain that, up till 
this point, has mainly been exclusive to birds. The latter 
because birds are the only wild animals we consciously 
share our cities with, and sustaining that relation 
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requires timely insight into urban developments which 
might destroy it. 

4.1 Bird disturbance 
Bird disturbance in general has been widely studied. 
From the literature four indicators of  measurable 
disturbance can be distilled:  

1. Physiological effects such as increased heart rate 
and changes in hormonal activity [29-31].  

2. Changes in behaviour such as a visibly higher state 
of  alarmedness and flight behaviour [32, 33]. 

3. Changes in feeding patterns and energy 
management [34-36]. 

4. Influence on survival and reproduction [37, 38]. 

The studies showed effects on these indicators in 
response to a variety of  approaching entities,  such as 
humans, cars, helicopters and boats. Furthermore, 
different movement conditions such as approach 
speed and angle were shown to have their own specific 
effect.  
	 We found two disturbance studies that 
specifically focused on UAV’s and birds. In one, 
researchers would approach birds repeatedly with a 
UAV and changed colour, speed and flight angle of  
the UAV between flights [39]. Mallards, flamingos and 
common greenshanks could be approached seemingly 
unaffected to within 4 meters during 80% of  the 
flights. Colour, speed and repeated flight had no 
measurable impact, but approaching birds vertically 
did trigger some disturbed behaviour. In the other 
study, a research team looked into the effect different 
models of  UAV’s had on waterfowl [40]. They found 
little disturbance when the rotor models (as opposed to 
fixed wing planes) were flown 40 meters above the 
birds. At lower altitudes, disturbance was starting to 
become apparent. 
	 From these studies it seems that the effects of  
UAV’s vary per species and that the flight style has an 
effect. Within this research we take an autonomy 
focused approach on the hypothesis that the presence of  
an airborne UAV will have a species specific effect on all four 
disturbance indicators and the UAV’s flight style will have 
consequences for the scale of  those effects. 

5. Iterative design of  the method 

5.1 Autonomy based initial setup 
A general research setup addressing the hypothesis was 
designed from the perspective of  autonomous data 
gathering. We looked for opportunities of  scalable 
automation that can be achieved with relatively easy to 
acquire technologies. Due to technical and practical 

complexity, automating the measurement of  
physiological effects doesn’t fit in this category.  
Influence on survival and reproduction rate might be 
feasible, but not  within the timeframe of  this research. 
	 However, the visually detectable changes in 
behaviour and changes in feeding patterns do provide a 
good starting point for scalable automation. The initial 
proposition for the research setup is shown in figure 1. 
	 The purpose of  a single food source is twofold. 
Firstly, since the location of  the food source dictates 
where the birds will likely be active, it will be clear for 
the system where to look for incoming birds. Secondly, it 
gives the UAV a clear and fixed reference point for its 
automated flightpath. Recordings of  birds approaching 
the food and their reaction to the UAV offer potential 
for automated analysis. Ideally, this whole setup could 
collect and process data autonomously, with only the 
need of  human intervention for placing food, changing 
batteries and general maintenance. What follows is a 
description of  the iterative exploration of  this ideal, 
cumulating in the actually employed research method. 

5.2 UAV choice 
Within the category of  UAV’s it are especially the 
multicopters that have a lot to offer for this type of  
scalable research. As opposed to fixed wing models, they 
can easily take off  in almost any kind of  environment. 
Furthermore, most pre-built multicopters are equipped 
with an infrastructure, in terms of  sensors and cameras, 
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Figure 1: Food is placed in a container (A).  A camera is setup facing 
the food (C). When a bird comes within a certain range (B) of the food, a 
computer (D) detects the movement from the camera’s video stream. 
This will trigger a UAV (E) to start an automated standardised flightpath. 
Bird behaviour in response to this will be recorded. The UAV ends on its 
take off position. This sequence repeats itself as long as needed.

A.C. B.

D. E.



that cater to the requests of  autonomy enabling 
software. Using a custom made multicopter might yield 
a superior price/performance ratio, but the time and 
knowledge needed for such an endeavour would mean 
that this option is not easily scalable. Although the 
choice of  using a pre-built multicopter narrows down 
the options quite a bit, there is still an abundance of  
possibilities within this category.  At this point the Parrot 
line of  quadcopters offers the unique advantage of  
being easily hackable. This has to do with two, each 
other reinforcing, factors: firstly, Parrot offers an SDK 
(Software Development Kit) for its quadcopters. 
Secondly, there is an enthusiastic community of  people 
writing code for Parrot quadcopters.  

Conclusively, within the product line of  Parrot, the 
relative affordability of  the Parrot AR.Drone 2.0 
(440*440*85 mm, 400 gram) assured its selection for 
this research. 

5.3 Autonomous flight 
Quadcopters can autonomously fly sideways through 
small rectangular openings, build a rope bridge and 
work together to catch a ball [41-43]. This is achieved 
by using static motion capture systems and markers to 
track the position of  the quadcopter within its 
environment. As much as this approach offers in terms 
of  precision, it lacks in flexibility.  

A more flexible, and as such scalable, approach of  
state estimation is provided by Simultaneous 
Localisation And Mapping (SLAM) methods, which 
rely on the use of  onboard sensors. This subcategory of  
computer vision is very turbulent; much progress is still 
being made, standardisations and best practices are still 
up for discussion. 

We decided to explore the feasibility of  the 
“tum_ardrone” software package for the envisioned 
research setup. This software package developed at the 
Technical University of  München, employs a SLAM 
based approach and was designed specifically with the 
onboard sensors of  the Parrot AR.Drone in mind 
[44-46]. Furthermore, it runs within ROS (Robotic 
Operating System), a set of  libraries and tools which 
makes keeping an overview and adding to existing code 
relatively easy. 

5.3.1 Indoor testing 
Gradually becoming the standard in the robot 
development community, with an emphasis on sharing, 
ROS lets you tap into the knowledge of  numerous high 
quality robotic projects. The ROS environment can be 
installed on a system running Ubuntu. 

Once the “tum_ardrone” package was installed 
within  the ROS framework, numerous indoor tests 
were carried out. For the SLAM system to work 
properly a 3D point cloud had to be generated. This 
could only be done when the quadcopter was flying. 

The resulting point cloud could not be saved and used 
for later sessions. This made testing a strenuous task. 
Once familiar with the quirks of  the system, it worked 
well  in a variety of  indoor settings ranging from a small 
living room with many obstacles (15 m2) to a big gym 
with view reference points (1380m2). The quadcopter 
was able to autonomously perform quite extensive flight 
manoeuvres, using only its onboard sensors and a 
laptop’s calculation power. 

5.3.2   Outdoor testing 
Outdoor testing proved to be more problematic then 
expected. It was very hard to establish and retain a 
useful 3D point cloud. This could be attributed to a 
number of  factors:  

1. Wind conditions meant that establishing the 3D 
point cloud would always take place under more 
turbulent conditions then those inside. 

2. The natural shapes that are to be found outside are 
less easily recognised then the artificial structures  
tested with inside. 

3. Changing parts of  the environment such as moving 
leaves, clouds and fluctuating light conditions create 
a dynamic environment. 

We tried to overcome some of  these limitations by 
testing close to a wall with a clearly deductible pattern. 
Furthermore, black and white checkerboard patterns 
(420*594 mm) were hung, to serve as reference markers. 
Although this did yield slightly better results, we weren’t 
able to repeatedly establish a sufficiently reliable 3D 
point cloud.  

5.3.3 Autonomous flight conclusions 
The “tum_ardrone” package was indeed a suitable and 
flexible solution for state estimation indoors, but its 
potential crumbled when working outside. At this point 
in the project, we chose not to pursue any alternative 
and instead emulate autonomous flight behaviour. 
Other options like using a different SLAM software 
package or a combination of  GPS and markers might 
turn out to be workable, but would also be very time 
consuming to implement. The focus of  this research lies 
on investigating the usability of  the data one might 
gather with a setup that lends itself  for automation, not 
on testing every possible instance of  the underlying 
technology. Furthermore, many professional players are 
currently developing their own SLAM based solutions 
(hololens, project tango, leap motion). The test projects 
that they are demonstrating show significant 
improvements over currently available options, 
including promising results for outdoor testing [47]. 
Therefore, we expect that it is a matter of  little time 
before implementing these types of  algorithms is much 
more easy and effective. 
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5.4 Bird detection 
Assuming exclusively movement by birds around the 
food source, we explored the option of  movement 
detection as a way of  triggering the quadcopter to start 
its automated flight path. Code (based on the OpenCV 
library) that detects movement from incoming imagery 
of  a camera was developed. By using ROS, which is 
designed to easily understand and add to unfamiliar 
projects, the bird detection code could be integrated 
within the “tum_ardrone” package with relative ease. 
Detected movement would trigger the Parrot 
AR.Drone to perform one of  its predefined flight 
manoeuvres. However, when the choice for emulating 
autonomous behaviour was made, the option of  
automatic movement detection was suspended. 

5.5 Preliminary bird response research 
An informal preliminary research was conducted, with 
the goal of  finding a location that was suitable, in the 
sense that birds would be attracted by food and the 
attracted birds showed a visually measurable reaction to 
quadcopter manoeuvres. This was done by analysing 
what type of  birds were attracted during food 
placement tests and noting behavioural responses 
during quadcopter flight tests. Based on this low key 
research we established some guidelines that would help 
to inform the specification of  the method.  

5.5.1 Quadcopter flight tests 
When foraging birds were spotted during a scouting 
session, the Parrot AR.Drone drone would be setup 
and, in order to provide some sort of  null condition, 
some minutes of  quiet observation would follow. Birds 
would continue foraging during the observation, but a 
visible response was found in all the birds confronted 
with the quadcopter (Table 1). The types of  response 
wildly varied for different species. Geese regularly 
responded with distressed calls, followed by flight 
behaviour towards nearby water.  Jackdaws  were seen 
to fly off  at relatively large distances. Common wood 
pigeons responded quite randomly. Mallards usually 
acted somewhat disturbed when the quadcopter came 
very close, but never chose to fly off. We did not test 

with seemingly obvious choices such as seagulls or 
domestic pigeons, since they were usually to be found in 
areas that did not really offer good opportunities for 
undisturbed drone flight research. 

5.5.2 Food placement tests 
In light of  research which found that foraging 
behaviour among birds is usually more intense in the 
morning [48] and in an effort to minimise human 
disturbance, food placement tests were usually executed 
in the early morning (before 8.00 am). We tested with 
two types of  food; mixed seeds and mealworms. Since 
the presence of  birds around the food source seemed to 
attract more birds, and both food types had overlapping 
audiences, using the two food types in tandem resulted 
in an exponential increase of  attracted birds. Although 
being aware of  the fact that simultaneous placement of  
two different food types would decrease insight in 
specifications of  the feeding patterns, increasing the size 
of  the potential test populations was preferred in this 
trade off. 

5.5.3 Location tests 
A suitable location, that attracted a satisfying amount of  
birds and showed minimal human disturbance, was 
found in the Euromast Park in Rotterdam (Table 2). A 
grass field, with occasionally a tree providing shelter to a 
variety of  birds provided the necessary conditions in 
which both the quadcopter could fly and birds were 
prolific. 

5.5.4 Sound tests 
An effort was made to investigate, wether the 
sound the quadcopter produces, would be a 
confounding factor. The sound of  a quadcopter 
taking off  and flying towards a recording device 
was recorded. In a number of  feeding sessions, a 
wireless speaker was placed in close proximity 
(~4m) to the food source. When a few birds had 
gathered around the food source, the recording 
would be played on the speaker. This did not seem 
to lead to disturbance; gathered birds were never 
seen to fly off  in response to this. Some species 

Number 
of trials

Species Mean 
number of 

birds (st. dev)

Mean fly off dis.t 
in meters 
 (st. dev)

5 Jackdaw 8.6 (12) 42 (23)

4 Greylag Goose 6.4 (3) 25 (17)

3 Mallard 3.7 (1) n.a.

3 Common Wood 
pigeon

2.3 (2) 23 (20)
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Table 1: Preliminary bird response research Table 2: Preliminary location research, each trial lasted 1 hour

Number 
of trials Location Mean birds p/h (st. dev)

7 Museumpark 
Rotterdam: 

51°54’43.488N, 
4°28’23E

- 0.6 (0.8) Eurasian Magpie 
- 2.4 (1.7) Jackdaw 
- 1.4 (1.3) Common wood 

pigeon

5 Euromastpark 
Rotterdam: 

51°54’17.591N, 
4°28’16.593E

- 4.6 (2.1)  Eurasian magpie 
- 9.2 (1.9) Jackdaw 
- 2.6 (0.6) Crow



(especially eurasian magpies) did display 
inquisitive behaviour towards the sounds origins, 
as they approached and investigated the noisy 
entity.  Because of  these findings, we decided not 
to implement the speaker in the null-condition of  
the final research setup, though it has to be 
stressed that no strong claims can be made on the 
effects of  UAV sound on bird behaviour. 

6. Method	  

Starting May 14th 2016, a scattered hand of  150 gram  
mixed seeds (sunflower, corn, pros millet) and an open 
plastic container  (10 * 10 * 4 cm) containing 80 gram 
of  living mealworms were placed daily, 45 minutes after 
official sunrise time, on an open grass field in the 
Euromast Park in Rotterdam, the Netherlands (51° 54' 
19N, 4° 28' 10E), allowing foraging birds in the 
surrounding environment to learn about the reliable 
presence of  the food source. 

After a week (21/5/2016) food was placed in the 
same fashion, but now a non-rain, non-extreme-wind 
day (the weather conditions in which the quadcopter 
used in this research could fly) would alternately result 
in either an observation day (null condition), a drone 
flight observation day category I (test condition 1) or a 
drone flight observation day category II (test condition 
2). 

All conditions share the same base setup, expanded 
upon with their own characteristics as described below. 
Mentioned distances were determined relatively to 
existing landmarks, avoiding the need for possibly 
obtrusive artificial landmarks. 

6.1 Base setup 
A camera (Xiaomi Yi, white, all indication lights turned 
off) on a tripod was installed at a distance of  three 
meters of  the container with mealworms. When the 
food was placed, the camera was turned on, a recording 
was started, a timer was started and the observer would 
face the setup at a distance of  95 meters. After one hour 
the setup would be taken down, mealworms that were 
still left in the feeding container were weighed.  

6.1.1 Observation day (null condition) 
After 45 minutes the observer would move around in 
the same fashion as would be the case when replacing a 
battery during a drone flight observation day. 

6.1.2 Drone flight observation day (test conditions I & II) 
A Parrot AR.Drone 2.0 was placed near the observer at 
a distance of  90 meters from the food source. As soon 
as a bird would enter within a two meter radius from 
the container (an inflight), a laptop or phone (the laptop 

ran into technical problems during the fourth day of  the 
research and was substituted by a phone) would be used 
to control the quadcopter and perform a standardised 
flight manoeuvre of  either category I (test condition I 
day) or category II (test condition II day) at a height of  
2-3 meters (Figure 2). Both of  these manoeuvres ended 
with the drone landing on its take off  position. Birds 
that were still within a two meter range from the 
container at this moment, would be ignored for the 
time being and only new inflights would trigger 
repetition of  a flight manoeuvre. This rule was 
established because without it, birds not leaving the 
established radius in response to quadcopter flight 
would continually trigger flight manoeuvres. This 
would result in an experiment that is triggered by 
subjects that are least effected (at least visually) by its 
stimuli, which is an unfortunate situation. Furthermore, 
this would demand strenuous amounts of  battery 
power and the resulting frequently needed battery 
replacements during experimentation are an unwanted 
nuisance for clean data gathering. 
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Figure 2: Schematic overview of the research setup.
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duration values All CC EG EM J
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Table 4: P-values of mean inflight 
comparisons between conditions.   
T-value = 2.23 in all cases. 
∆ = Difference in inflights between 
means as a fraction of the original 
mean. 1 

Table  5: P-values of mean individual 
stay duration comparisons between 
pooled conditions.   
∆ = Difference in seconds between 
means as a fraction of the original 
mean. 1

Table 3: Overview of all mean results 

Figure 3: Results of testing between May 
21h and June 13th 2016, categorised by 
test condition: O = Observation day, I = 
Test Condition I, II = Test Condition II.  



6.2 Data processing 
Recorded footage was imported into a movie editing 
program (Adobe Premiere CS6). A digital timestamp 
was added to the footage. Zero point of  the timestamp 
was matched with the moment the observer was done 
setting up and left for the observation position. The 
video was played. A bird entering within a two meter 
radius of  the food resulted in a data entry in a 
spreadsheet program, in which species and 
corresponding timestamp would be specified. When the 
bird was seen leaving the perimeter its data entry would 
be extended with time of  departure. 

7. Results 

7.1 First look at the data 
Between May 21st and June 13th 2016, 18 tests were 
carried out, six of  each test condition. The goal of  
consecutive testing was incidentally not met as a 
consequence of  weather conditions or technical 
problems.  

The setup attracted four species of  birds: egyptian 
goose (Alopochen aegyptiaca), carrion crow (Corvus corone), 
eurasian magpie (Pica pica) and jackdaw (Corvus 
monedula). The three upper graphs of  figure 3 show the 
inflights for each species per day categorised by test 
condition. The three lower graphs of  figure 3 show the 
cumulative duration of  stay within the perimeter of  
each species per day, also categorised by test condition. 
Combined with table 3 they give an overview of  both 
the activity (in terms of  inflights) and prevalence of  
each species per day. Low activity, but high prevalence 
of  the egyptian goose stands out in all conditions. An 
overall increase in jackdaw prevalence/activity, and 
decrease in eurasian magpie prevalence/activity over 
time is also noticeable. 

7.2 Overall statistical procedure 
Apple Numbers 2009 v2.3 and Microsoft Excel for 
Mac 2011 v.14.6.4 with a XLSTAT extension were 
used to analyse the data. The data was assessed to be 
normally distributed. Mean numbers of  daily inflights 
were compared between test conditions using two tailed 
t-tests  (Table 4). Furthermore individual data entries 1

were pooled for each test condition. Between the 
resulting data sets, mean visit durations were compared, 
also using two tailed t-tests (Table 5). 

7.3 Food intake 
In both the null condition and test condition II, all 80 
grams of  mealworms had been consumed by the end 
of  every test. On the other hand, by the end of  each 

test condition I session, there were still mealworms left 
(mean intake: 40.2 gram, sd: 9.4), excluding the test 
session on 11/6/2016, during which the entire 
container with mealworms was taken by a carrion crow. 

8. Discussion 

When interpreting these results it should be noted that 
we are dealing with very small numbers, so 
generalisations concerning the entire species should be 
avoided. Furthermore, it is important to consider that 
the number of  inflights does not take individual birds 
into account. A constant number of  inflights between 
two conditions, could easily mean that a smaller group 
of  birds simply enters the perimeter more often. 

8.1 Increasing and decreasing trends 
The overall decrease of  eurasian magpies and  increase 
of  jackdaws, during the course of  the test period, has a 
number of  possible explanations: increasing awareness 
over time, by the jackdaws, of  the presence of  the food, 
could explain their rising attendance. In the past, groups 
of  jackdaws have been reported to work together to 
drive off  eurasian magpies [49]. Furthermore, the end 
of  May coincides with the end of  the nesting period of  
eurasian magpies [50]. The numerous short visits 
eurasian magpies displayed during the beginning of  the 
research period, might have had the goal of  collecting 
food for their younglings. Consequently, young magpies 
no longer needing parental care, could be a factor 
affecting the parents observed foraging behaviour. Also, 
persistent presence of  the Parrot AR.Drone may have 
had an increasingly repellent effect on the eurasian 
magpies. However, this last claim is pure speculation as 
this cannot be shown from the current dataset. 
	 Since different test conditions were carried out 
alternatively these trends spread out equally over all test 
results and as such, influence all conditions equally. 

8.2 Results for all birds 
Treating all birds as one group, no conclusive results are 
found in either the comparison of  mean duration of  
stay, or number of  inflights between any of  the 
conditions. This is not surprising, as the effects are 
cancelled out in the analysis when treating all the birds  
as one group. More fruitful analysis is possible when 
looking at the effects for specific species. 

8.3 Carrion crow 
In both conditions with the quadcopter present a 
significant decrease in the number of  inflights of   

 All t-tests in this study were two-tailed assuming unequal variances; statistical significance level was set to p<0.05 (boldface)1

 8



carrion crows was found. This decrease could mean 
two things: 

1. Crows are staying longer within the perimeter in 
response to quadcopter activity which results in less 
in/out movement. 

2. Crows are avoiding the perimeter in response to 
quadcopter activity. 

Based on the mean staying time, which also significantly 
decreases, and the fact that most quadcopter days 
feature zero carrion crow inflights, this first claim can be 
rejected, indicating that crows are avoiding the area as a 
response to quadcopter activity.  
	 Events during the test session  on 11/6/2016 
provide an interesting anecdote in light of  this claim: a 
carrion crow picked up the container with mealworms, 
transported it to a location outside of  the quadcopters 
flightpath and started consuming its contents on the 
newly appointed location. As carrion crows have  
increasingly been shown to posses far developed mental 
skills [51-53], this could be interpreted as an act of  
analysis and planning. Of  course, this was just a single 
registration of  a possibly coincidental event. Whether 
carrion crows develop tactics for preventing 
confrontation with UAV’s, could be an interesting 
starting point for further research. 

8.4 Egyptian goose 
The observed geese seemed to be one and the same 
couple every time. They usually entered the perimeter 
as soon as the food was placed,  foraged from the mixed 
seeds and left after about half  an hour. From the 
quantitative data no significant effect on behaviour in 
either condition is found for them. However, they were 
often seen displaying clearly altered behaviour when 
confronted with the charging quadcopter (condition I): 
lowered head, pulled back wings and loud calls. The 
energy investment for fleeing being relatively high for 
geese [54], might play a role in not choosing a tactic of  
flight. 

8.5 Eurasian magpie 
Eurasian magpies stayed significantly shorter within the 
perimeter in response to the charging quadcopter. The 
magpies already displayed a tactic of  relatively short 
visits when collecting the food in the null condition, 
making this result all the more significant. Results for 
condition II also lean towards a significantly shorter  
duration of  stay and we hypothesis that more test will 
show this. 

8.6 Jackdaw 
In both condition I & II, jackdaws showed a 
significantly reduced visit duration. During condition I 
they were clearly seen leaving in response to the 

approaching quadcopter. In condition II it was less 
obvious why they chose to leave at a certain time, but 
apparently the presence of  the quadcopter did cause 
them to adjust their style of  foraging. The significant 
difference between visit durations of  condition I & II 
quantifies this observed difference in response to 
instances of  quadcopter presence. 
	 Interesting to note is that the number of  
inflights, though not statistically significant, increased in 
conditions with a quadcopter present. This may 
indicate that the jackdaws embraced a tactic of  more 
frequent, shorter visits. 

8.7 Food consumption 
The mealworms, in the container that was weighed at 
the end of  each test session, were observed to be 
consumed by all species except the egyptian goose. 
Since condition I consistently showed about half  of  the 
food still being present by the end of  the test sessions, it 
can be concluded that food intake was slowed down 
under the effects of  the directly charging quadcopter. 
How different species were comparatively affected is not 
clear from the data. 

9. Conclusion 

The described setup has been was successful in testing 
the proposed hypothesis. Although being limited to 
testing for two disturbance indicators, within these 
boundaries useful data was collected. As hypothesised, 
species specific effects have indeed been shown. The 
influence of  the UAV’s flight style on the scale of  the 
effect has been shown for jackdaws. More suspicions are 
suggested by the data and ask for further research. 
	 Therefore, pursuing the goal of  automating 
this setup in a scalable way is worthwhile. Consequent 
generation of  larger data sets will aid in answering open 
questions such as: will habituation occur? How do 
characteristics such as noise level, size and design of  
different UAV’s affect different species? How do 
different behaviours such as flight speed, altitude and 
tricks of  UAV’s affect different species? 

9.1 Future considerations 
A big limitation of  the setup in its current form, is that it 
does not distinguish between individuals. The trend of  
ever improving consumer camera specs, combined with 
further advances in computer vision, provide a vision of  
the future in which this problem is overcome. 

A way to expand upon this experiment with 
currently available technology would be to record audio 
during its runtime. This could be analysed for 
differences in sounds birds produce under different 
conditions. Also, putting a data recording measuring 
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scale under the container with food, could offer a 
valuable extra dimension to the data. 

 10



Bibliography 
1.	 Halloy, J., Social integration of  robots into 

groups of  cockroaches to control self-organized choices. 
Science, 2007. 318. 

2.	 Milinski, M., et al., Cooperation under 
predation risk: experiments on costs and benefits. 
Proceedings of  the Royal Society B: Biological Sciences, 
1997. 264(1383): p. 831-837. 

3.	 Ward, A.J., et al., Quorum decision-making 
facilitates information transfer in fish shoals. Proc Natl 
Acad Sci U S A, 2008. 105(19): p. 6948-53. 

4.	 Faria, J.J., et al., A novel method for 
investigating the collective behaviour of  fish: 
introducing ‘Robofish’. Behavioral Ecology and 
Sociobiology, 2010. 64(8): p. 1211-1218. 

5.	 Shi, Q., et al., Modulation of  rat behaviour by 
using a rat-like robot. Bioinspiration & Biomimetics, 
2013. 8(4). 

6.	 de Margerie, E., et al., Influence of  a mobile 
robot on the spatial behaviour of  quail chicks. 
Bioinspiration & Biomimetics, 2011. 6(3): p. 034001. 

7.	 Vaughan, R., et al., Robot Sheepdog Project 
achieves automatic flock control, in Fifth International 
Conference on the Simulation of  Adaptive Behaviour. 
1998. 

8.	 Chabot, D. and D.M. Bird, Wildlife research 
and management methods in the 21st century: Where 
do unmanned aircraft fit in? Journal of  Unmanned 
Vehicle Systems, 2015. 3(4): p. 137-155. 

9.	 Gonzalez, L.F., et al., Unmanned Aerial 
Vehicles (UAVs) and Artificial Intelligence 
Revolutionizing Wildlife Monitoring and Conservation. 
Sensors, 2015. 16(1). 

10.	 Ditmer, M.A., et al., Bears Show a 
Physiological but Limited Behavioral Response to 
Unmanned Aerial Vehicles. Current Biology, 2015. 
25(17): p. 2278-83. 

11.	 Pomeroy, P., L. O'Connor, and P. Davies, 
Assessing use of  and reaction to unmanned aerial 
systems in gray and harbor seals during breeding and 
molt in the UK 1. Journal of  Unmanned Vehicle 
Systems, 2015. 3(3): p. 102-113. 

12.	 Bis Research, Global Unmanned Aerial 
Vehicle Market Opportunities. 2014, Bis Research. 

13.	 Fung Business Intelligence Centre, Send in the 
drones! An in-depth view on the growing marktet for 
drones. 2015, Fung Business Intelligence Centre. 

14.	 Peasgood, S., Drones: A Rising Market, in 
Sophic Capital. 2015. 

15.	 CBS News. Amazon unveils futuristic plan: Delivery 
by drone. 2013  May 2016]; Available from: 
www.cbsnews.com/news/amazon-unveils-futuristic-
plan-delivery-by-drone/. 

16.	 Aviation Week Network. Google Details 'Project 
Wing' Unmanned Package-Delivery R&D. 2014  [cited 2016 
4 May 2016]; Available from: aviationweek.com/
technology/google-details-project-wing-unmanned-
package-delivery-rd. 

17.	 TUDelft. TU Delft's ambulance drone drastically 
increases chances of  survival of  cardiac arrest patients. 2014  
May 2016]; Available from: www.tudelft.nl/en/
current/latest-news/article/detail/ambulance-drone-
tu-delft-vergroot-overlevingskans-bij-hartstilstand-
drastisch/. 

18.	 BBC News. CES 2016: Pilotless drone to transport 
humans on display. 2016  May 2016]; Available from: 
www.bbc.com/news/technology-35250333. 

19.	 Lambertucci, S.A., E.L. Shepard, and R.P. 
Wilson, Human-wildlife conflicts in a crowded airspace. 
Science, 2015. 348(6234): p. 502-4. 

20.	 Annika Geurtsen, M.H.L., and Marcel J.M. 
Schaaf, Interactive Digital Gameplay Can Lower Stress 
Hormone Levels in Home Alone Dogs: A Case for 
Animal Welfare Informatics. K. Chorianopoulos, et al. 
(Eds.): International Conference on Entertainment 
Computing, 2014. Vol. 9353: p. pp 238-251. 

21.	 Kumar, N., et al., Leafsnap: A computer vision 
system for automatic plant species identification, in 
Computer Vision–ECCV. 2012, Springer. p. 502-516. 

22.	 Branson, S., et al., Bird species categorization 
using pose normalized deep convolutional nets. arXiv 
preprint arXiv:1406.2952, 2014. 

23.	 Bonney, R., et al., Citizen science: a developing 
tool for expanding science knowledge and scientific 
literacy. BioScience, 2009. 59(11): p. 977-984. 

24.	 Silvertown, J., A new dawn for citizen science. 
Trends in ecology & evolution, 2009. 24(9): p. 467-471. 

25.	 Dickinson, J.L., B. Zuckerberg, and D.N. 
Bonter, Citizen Science as an Ecological Research Tool: 
Challenges and Benefits. Annu. Rev. Ecol. Evol. Syst, 
2010. 41: p. 149-72. 

26.	 Collobert, R. and J. Weston. A unified 
architecture for natural language processing: Deep 
neural networks with multitask learning. in Proceedings 
of  the 25th international conference on Machine 
learning. 2008. ACM. 

27.	 Socher, R., et al. Parsing natural scenes and 
natural language with recursive neural networks. in 
Proceedings of  the 28th international conference on 
machine learning (ICML-11). 2011. 

28.	 Stern, U., R. He, and C.-H. Yang, Analyzing 
animal behavior via classifying each video frame using 
convolutional neural networks. Scientific reports, 2015. 
5. 

29.	 Fowler, G., Behavioral and hormonal responses 
of  Magellanic penguins (Spheniscus magellanicus) to 
tourism and nest site visitation. Biological Conservation, 
1999. 90(2): p. 143-149. 

 11



30.	 Ikuta, L.A. and D.T. Blumstein, Do fences 
protect birds from human disturbance? Biological 
Conservation, 2003. 112: p. 447-452. 

31.	 Ackerman, J., Cardiac response of  free-living 
tule greater white-fronted geese to human disturbance. 
Wilson Bulletin, 2004. 116(2): p. 146-151. 

32.	 Lorda, A., et al., Effects of  human approaches 
to nests of  northern New Zealand dotterels. Biological 
Conservation, 2001. 98(233): p. 240. 

33.	 Navedo, J. and J. Masero, Measuring potential 
negative effects of  traditional harvesting practices on 
waterbirds: a case study with migrating curlews. Animal 
Conservation, 2006. 10: p. 88-94. 

34.	 Gremillet, D., D. Schmid, and B. Culik, 
Energy requirements of  breeding great cormorants 
Phalacrocorax Carbo Sinensis. Marine Ecology 
Progress Series, 1995. 121(1): p. 1-9. 

35.	 Platteeuw, M. and R.J. Henkens, Possible 
impacts of  disturbance to waterbirds: individuals, 
carrying capacity and populations. Wildfowl, 1997. 
48(48): p. 225-236. 

36.	 Verhulsta, S., K. Oosterbeeka, and B. Ensb, 
Experimental evidence for effects of  human 
disturbance on foraging and parental care in 
oystercatchers. Biological Conservation, 2001. 101: p. 
375-380. 

37.	 Arroyoa, B. and M. Razinc, Effect of  human 
activities on bearded vulture behaviour and breeding 
success in the French Pyrenees. Biological Conservation, 
2006. 128: p. 276-284. 

38.	 Langston, R., et al., What effects do walkers 
and dogs have on the distribution and productivity of  
breeding European Nightjar Caprimulgus europaeus? 
Ibis, 2007. 149(1): p. 27-36. 

39.	 Vas, E., et al., Approaching birds with drones: 
first experiments and ethical guidelines. Biol Lett, 2015. 
11(2): p. 20140754. 

40.	 McEvoy, J., H. Graham, and P. McDonald, 
Evaluation of  unmanned aerial vehicle shape, flight 
path and camera type for waterfowl surveys: 
disturbance effects and species recognition. PeerJ, 2015. 
4(e1831). 

41.	 Mellinger, D., N. Michael, and V. Kumar, 
Robotics Research. 2012. 

42.	 Ritz, R., et al., Cooperative Quadrocopter Ball 
Throwing and Catching, in International Conference 
on Intelligent Robots and Systems. 2012. 

43.	 Augugliaro, F., et al. Building tensile structures 
with flying machines. in International Conference on 
Intelligent Robots and Systems (IROS). 2013. IEEE. 

44.	 Engel, J., Autonomous Camera-Based 
Navigation of  a Quadrocopter, in Computer Science. 
2011, Der Technischen Universitat Munchen. 

45.	 Engel, J., J. Sturm, and D. Cremers, Accurate 
figure flying with a quadrocopter using onboard visual 
and intertial sensing. 2011. 

46.	 Engel, J., J. Sturm, and D. Cremers, Camera-
based Navigation of  a low-cost quadopter, in 
International Conference on IEEE. 2012. 

47.	 Google Project Tango: 4.9km outdoor bike mapping with 
loop-closures. 2014  May 2016]; Available from: 
www.youtube.com/watch?v=x5C_HNnW_3Q. 

48.	 Stalmaster, M. and J. Kaiser, Effects of  
recreational activity on wintering bald eagles. Wildlife 
Monographs, 1998(137): p. 1-46. 

49.	 Vander Wall, S., Crows and Jays: A Guide to 
the Crows, Jays and Magpies of  the World. 
CONDOR-KANSAS-, 1996. 98: p. 895-896. 

50.	 Birkhead, T., The magpies: the ecology and 
behaviour of  black-billed and yellow-billed magpies. 
2010: A&C Black. 

51.	 Emery, N.J. and N.S. Clayton, The mentality 
of  crows: convergent evolution of  intelligence in corvids 
and apes. science, 2004. 306(5703): p. 1903-1907. 

52.	 Emery, N.J., Cognitive ornithology: the evolution of  
avian intelligence. Philosophical Transactions of  the Royal 
Society of  London B: Biological Sciences, 2006. 
361(1465): p. 23-43. 

53.	 Hoffmann, A., V. Rüttler, and A. Nieder, 
Ontogeny of  object permanence and object tracking in 
the carrion crow, Corvus corone. Animal behaviour, 
2011. 82(2): p. 359-367. 

54.	 Gill, J.A., W.J. Sutherland, and A.R. 
Watkinson, A method to quantify the effects of  human 
disturbance on animal populations. Journal of  applied 
Ecology, 1996: p. 786-792. 

 12


