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Abstract

Starling murmurations are a natural phenomenon which create interesting and complex
shapes and patterns in the sky. When a murmuration interacts with a predator such as
the peregrine falcon, it creates more complex shapes as the murmurations appears as if it’s
one organism escaping the predator. This project aims to capture these shapes and patterns
in a visually pleasing 3D model with a murmuration and predator.

The work has achieved an accurate replication of the interactions between a murmuration
and predator, along with many realistic features which bring the simulation to life such as
a landscape and sky as well as accurate models and animations. To increase the size of the
murmuration, performance of the simulation has been optimised with use of a uniform grid
structure and multi-threading.
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Chapter 1

Introduction

The phenomenon of starling murmurations is an example of collective animal behaviour,
like sh shoals and herds of migrating blue wildebeest (Connochaetes taurinus) [9]. More
speci cally, a ock of starling, also called a starling murmuration (called because of the sound
produced by multiple wingbeats), it is a collection which can involve thousands of individual
birds forming a coherent three-dimensional murmuration \cloud" within which the movement
of each individual bird is highly cohesive and synchronised [3]. The synchronised movement
of the starling murmuration means they can form di erent shapes including spheres, planes
and waves whilst remaining static with respect to a focal point on the ground [3]. When the
starling murmuration is introduced to a predator such as the falcon, due to the starling’s
large structure, consequently the falcon will struggle to single out a starling, as a response
the falcon will wait for an opening and then dive towards the murmuration in trying to
capture a single starling or separate them to single one out for another dive. As a result of
the predator’s attack, the murmuration will form patterns of evasive manoeuvres to avoid
the predator, these patterns are an interesting natural phenomenon which this project aims
to capture.

Figure 1.1: Images showing di erent starling murmuration patterns caused by a predator [27]



CHAPTER 1. INTRODUCTION 2

1.1 Aims and Objectives

This work aims to study the murmurations interaction with a predator and capture the
patterns which arise from the interactions by developing a 3D simulation with accurate 3D
representations of the starlings and falcon to improve visualisation on previous models.

To achieve this aim, the objectives which will need to complete are as follows:

e Create an accurate 3D model of a starling and peregrine falcon
« Design a set of rules of starling murmuration behaviour by critiquing previous models
e Implement the rules to a ock of starlings in Unity

e Study the peregrine falcon and its behaviour and interaction with murmurations to
develop a set of rules

< Introduce the peregrine falcon to Unity and create small scenarios to test its rules and
behaviour

< Improve the visualisation of the model e.g. sky, objects such as trees and animations
e Implement a way of evaluating the simulation with the use of metrics

The work aims to be completed by 12th May 2021, within this time there may arise some
constraints which may a ect the way the project is carried out. Some constraints which
the work may encounter is time, the quality of the project can be improved if there were
more time as more realistic features could be applied into the simulation such as calculating
starlings banking angles and more advanced physics. Performance is also a constraint, as
simulating a murmuration with its e ciency at O(n?) with 3D models will hinder the size of
the murmuration as the processing power will be a factor.

1.2 Overview of the Report

The remaining chapters of the report cover a literature survey, requirements and analysis, a
design section, implementation and testing, results, and the conclusion. The main part of
this report is the literature survey where literature will be reviewed and analysed relating
to the aims and objectives, in this it will reveal answers to questions, issues that that may
be encountered and there will be critiquing previous models of starling murmurations with a
predator. This is followed by the requirements and analysis; this will be going into further
detail on the aims and objectives and establishing a method of evaluating the work allowing
methods to consider the work successful. The design section puts together ideas for creating
di erent aspects of the simulation, where these are then implemented and tested in the
following section. The results section will discuss ndings and evaluate the how successful
the work, discuss how the project is moving forward in the future and nally a conclusion
which summarises the work in this project.



Chapter 2

Literature Survey

In this literature survey, the latest literature and research will be reviewed on the behaviour
of starling murmurations, a peregrine falcon, how the behaviour of a starling murmuration
can change to form complex shapes within the proximity with a peregrine falcon as well as
critique and insight into previous models.

2.1 Starlings

The literature survey will begin with an introduction to starlings. Starlings are medium-sized
passerines and they are a highly social family of birds where they are generally found in ocks
of birds varying in sizes throughout the year [37]. In North America in 1970, the number of
starlings was considered to be 200 million, however this gure is declining by an average of
1% per year and the gure stands at approximately 140 million this year [14].

Figure 2.1: A common starlings [37]



CHAPTER 2. LITERATURE SURVEY 4

2.1.1 Murmurations

A starling murmuration is a collection of starlings in a group forming a range of di erent
shapes including spheres, planes and waves while remaining more-or-less static over a focal
point on the ground such as a breeding ground [3]. The size of a starling murmuration can
range from 1,000 to over 100,000 of starlings which averages 30,000 per ock and can last
up to an hour. There are few explanations to the reason starlings form a murmuration,
one explanation being the "warming together™ hypothesis; murmurations have been seen to
occur before roosting and during the late Autumn and Winter months suggesting they create
the murmuration to attract other starlings and as more starlings gather, the roost becomes
warmer [18]. A more logical explanation is the murmuration is an anti-predator strategy,
as the starlings are prey to the peregrine falcon the murmuration reduces the chance of the
peregrine falcon capturing a starling in several ways, for example the probability of a starling
being targeted by themselves compared with being in a murmuration deceases, as with the
size of the ock becoming more massive, the opportunity for success for survival increases
[15]. The constant movement and maneuvers of the murmuration can confuse the predator,
rendering them unable to lock onto a single bird [25], this is known as target degeneracy, with
the ock size increasing, it will signi cantly impact the success of attacks from the predator
as there is unclear vision of tracking a target [4]. Additionally, the increase in the size of
murmuration correlates with the detection of a predator, therefore earlier evasive maneuvers
occur decreasing the success rate of the predator. A study on understanding why birds ock
revealed that in social animals (starlings), a liative contact is reinforced because it reduced
a negative a ective state caused by social exclusion or isolation [17], therefore when the
starlings create a murmuration, there is positive reinforcement from this and when are they
are outside of a murmuration there is a negative reinforcement e ect. Murmurations create
waves which are used to send information across such as to signal the location of food sources
or a safe roosting site. More importantly, the information is used to defend attacks from a
predator [16] which allows coordinated movement of the murmuration to respond e ectively
to a predator which creates patterns which will be explored later in this literature review.






