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Abstract

Abstract

Over the last decades, the influence of humans on our planet has increased. A large part of
Earthodés surface has been modified i n some
living in urban areas. Urbanisation and its effect on animals and plants is thus an important
factor to analyse in behavioural studies. While many species are lost due to anthropogenic
actions, some may find new habitats in urban areas. Warmer temperatures and an increased
availability of food provide benefits to animals occurring in urban habitats. In contrast, these
animals also have to tolerate the disturbance caused by artificial lights or noise.

This work focuses on an urban local population of greylag geese Anser anser. Greylag
geese live in wetland landscapes, but also occur in urban parks with wide lawns and water
bodies. In Germany, there are autochthonous populations as well as regionally introduced
ones. Since the late nineties, the city of Stuttgart in southwest Germany is home to a
breeding population of greylag geese. As a result of a long-term ringing project, a large
percentage of the population is ringed. This ringing data shows that the population is non-
migratory, as the geese move between the parks and lawns in the city, but generally remain
in the area year-round. The individual identification offers the opportunity of tracing data,
such as reproduction or behaviour, for the same animal over a longer period. This data can
then be individually connected to genetic information, which is a large benefit in behavioural

studies.

The first chapter of this work focuses on reproductive success as one of the two key
parameters which influence population change. The local population of greylag geese
showed an initial increase in numbers followed by a stabilization of the population size. The
same pattern was also observed in the number of breeding pairs. As reproductive success
itself is influenced by a variety of factors, this study analysed the effect of factors such as
population size, brood size or dispersal by using two different measures of reproductive
success: fledging success and hatchling survival. Fledging success is defined as the relation
between hatched and fledged young of a brood, while hatchling survival is the likelihood of a
hatchling to survive to fledging. Fledging success of pairs initially increased with the number
of times pairs bred together but decreased again in later broods. While the experience of a
pair is therefore beneficial for their reproductive success, the subsequent decrease may be
caused by the increasing age of the parents. The results thus suggest a trade-off between
the experience of pairs and the effect of age on reproduction. The brood size also influenced
reproductive success, as fledging success was higher in larger broods and hatchling survival
was also positively influenced by the brood size. In some years, several goose families
dispersed from the breeding ground to a different brood rearing area. Hatchling survival was

higher in these families, though this effect decreased again when the broods were large. The
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total population size had a negative effect on hatchling survival, indicating density

dependence.

To determine if there is a genetic basis for escape behaviour in greylag geese, the second
chapter of this work compares St u t t wheam locél population of greylag geese with a rural
local population in the countryside near Ludwigsburg. As animals occurring in urban habitats
are faced with increased anthropogenic disturbance compared to their rural counterparts,
they need a higher tolerance towards this disturbance. This tolerance may be due to the
animal 6s personality. Ani mal personality
context and is expressed for example through risk-prone behaviour. Urban animals are likely
more risk-prone than their rural counterparts and thus have a bolder personality. There is
increasing evidence that personality and thus behaviour have a genetic basis. This study
analyses the dopamine D4 receptor (DRD4) as a candidate gene associated with boldness /
shyness and fear. Overall, the gene showed a high variation with eleven alleles and 35
genotypes being detected in the analysed greylag geese. Allele and genotype frequencies
were skewed, with one allele and two genotypes occurring more often than the others. Based
on the detected frequencies, these two genotypes were defined as common and the
remaining 33 as rare genotypes. Common genotypes were found more frequently in geese
from urban areas, while rare genotypes were found more frequently in geese from rural
areas. To determine if the detected genotypes could be associated with behaviour, the flight
initiation distance (FID) of individual geese was measured. As the geese are ringed, FID
measurements could be directly assigned to a specific goose and thus to its genotype. A
high FID indicates geese which are more cautious, while a low FID indicates boldness.
Indeed, greylag geese of the rural location show increased FID, while those in urban areas in
Stuttgart have lower FIDs and thus a bolder personality. Despite these results, there was no
significant correlation between DRD4 genotype frequency and FID. This may be explained
by methodological effects. Alternatively, DRD4 has also been associated with other
behaviours such as novelty seeking and exploratory behaviour. These behaviours may also
differ between urban and rural animals and may thus be the reason for the detected
frequencies. It is therefore likely that local habitat selection may be influenced by the DRD4
genotype.

Overall, this work demonstrates that different factors, including genetics, should be taken into
account when managing urban populations of wild animals, as their behaviour can differ

significantly from their rural counterparts, even within a single species.
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Zusammenfassung

Zusammenfassung

In den letzten Jahrzehnten ist der Einfluss des Menschen auf unseren Planeten stetig
gestiegen. Grof3e Bereiche der Erdoberflache wurden vom Menschen veréandert und mehr
als die Halfte der Menschheit lebt in urbanen Gebieten. Die Urbanisierung und deren
Auswirkungen auf Pflanzen und Tiere ist daher ein wichtiger Faktor, der in Verhaltensstudien
untersucht werden sollte. Wahrend viele Arten durch anthropogene Einflisse verloren
gegangen sind, finden andere neue Lebensrdume in urbanen Gebieten. Warmere
Temperaturen und eine hohere Nahrungsverfigbarkeit bieten Vorteile fir die Tiere der
urbanen Lebensrdume. Im Gegenzug dazu bendtigen diese Tiere eine erhdhte Toleranz
gegenuber Beeintrachtigungen wie kinstlicher Beleuchtung und Larm.

Der Schwerpunkt dieser Arbeit liegt auf einer lokalen urbanen Population von Graugénsen
Anser anser. Graugénse leben in Feuchtgebieten, kommen aber auch in urbanen Parks mit
weiten Wiesenflachen und Seen vor. Es gibt in Deutschland sowohl autochthone als auch
regional eingefiihrte Populationen. In Stuttgart, im Sidwesten Deutschlands, hat sich seit
den spéten neunziger Jahren eine Brutpopulation Grauganse angesiedelt. Dank eines lang-
jahrigen Beringungsprojekt ist ein grofR3er Prozentsatz von ihnen beringt. Diese Beringungs-
daten zeigen, dass die Population nicht in den Siuden zieht. Die Ganse fliegen zwar
zwischen den verschiedenen Parkgebieten und Wiesen hin und her, bleiben aber generell
das ganze Jahr Uber in der Stadt und ihrer Umgebung. Dank der individuellen Beringung
kénnen Daten, wie zum Beispiel zur Fortpflanzung oder zum Verhalten, fur ein bestimmtes
Tier Uber einen langeren Zeitraum verfolgt werden. Diese Daten kénnen dann individuell mit

genetischen Informationen verknipft werden, was ein groRer Vorteil in Verhaltensstudien ist.

Im ersten Kapitel dieser Arbeit liegt der Schwerpunkt auf dem Fortpflanzungserfolg als einem
der zwei Schlisselfunktionen, die die Veranderung von Populationen beeinflussen. Die
lokale Grauganspopulation vergrof3erte sich in den ersten Jahren bevor sich die
Populationsgrof3e stabilisierte. Das gleiche Muster zeigte sich auch in der Anzahl der
Brutpaare. Da der Fortpflanzungserfolg selbst von verschiedenen Faktoren beeinflusst wird,
untersuchte diese Studie den Einfluss zum Beispiel von Populationsgréf3e, Anzahl der
Gossel und Abwanderung anhand von zwei Auspragungen des Fortpflanzungserfolgs: dem
Bruterfolg und der Uberlebensrate der Gossel. Bruterfolg wird definiert als das Verhaltnis
zwischen den geschlipften Gosseln und den fligge gewordenen Gdsseln, wahrend die
Uberlebensrate der Gossel die Wahrscheinlichkeit beschreibt, mit der ein Gossel fligge wird.
Der Bruterfolg von Brutpaaren stieg anfanglich, je ofter ein Paar miteinander britete, sank
aber in spateren Bruten erneut. Die Erfahrung des Paares ist also fir ihren
Fortpflanzungserfolg von Vorteil, aber das zunehmende Alter kdonnte fiur die Abnahme

verantwortlich sein. Dies suggeriert einen Abtausch zwischen Erfahrung und Alter. Auch die
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Zusammenfassung

Anzahl der Gdssel hatte einen Einfluss auf den Fortpflanzungserfolg, da der Bruterfolg in
Bruten mit mehr Gosseln hoher war und auch die Uberlebensrate der Gossel von der Anzahl
Gossel positiv beeinflusst wurde. In manchen Jahren wanderten einige Familien vom Brutort
zu einem anderen Gebiet fir die Jungenaufzucht aus. Die Uberlebensrate der Goéssel war in
diesen Familien hoher, obwohl dieser Effekt mit htherer Gosselzahl wieder sank. Insgesamt
hatte die PopulationsgroRe ebenfalls einen negativen Effekt auf die Uberlebensrate der
Gossel, was auf Dichteabhangigkeit hinweist.

Um zu untersuchen, ob es in Graugansen einen genetischen Hintergrund fir Fluchtverhalten
gibt, vergleicht das zweite Kapitel dieser Arbeit die urbane Grauganspopulation von Stuttgart
mit einer ruralen Population aus der Nahe von Ludwigsburg. Da Tiere in urbanen
Lebensraumen mit verstarkten anthropogenen Stérungen leben, bendtigen sie eine hohere
Toleranz diesen gegenlber als ihre ruralen Pendants. Diese Toleranz kdnnte auf der
Personlichkeit der Tiere beruhen. Personlichkeit ist dabei definiert als zeit- oder
ortubergreifendes, gleichbleibendes Verhalten und wird zum Beispiel durch risikofreudiges
Verhalten gezeigt. Urbane Tiere sind voraussichtlich risikofreudiger als die ruralen und
haben damit eine mutigere Persodnlichkeit. Es gibt zunehmend Beweise, dass Personlichkeit
und Verhalten eine genetische Basis haben. Diese Studie untersucht den Dopamin D4-
Rezeptor (DRD4) als Kandidatengen, welches mit Mut/Schiichternheit und Angst assoziiert
wird. Insgesamt ist das Gen in den untersuchten Graugansen sehr variabel, mit elf Allelen
und 35 Genotypen. Allel- und Genotyphaufigkeiten sind ungleich verteilt, da ein Allel und

zwei Genotypen deutlich haufiger vorkommen als die anderen. Hierauf basierend wurden die

bei den Genotypen als Ah2ufigfi und die rest.]l

Genotypen wurden 6fter in urbanen Gansen gefunden, wahrend seltene Genotypen haufiger
in ruralen Gansen gefunden wurden. Um zu untersuchen, ob diese Genotypen mit Verhalten
assoziiert werden konnen, wurde die Fluchtdistanz (FID) von Gansen gemessen. Da die
Génse beringt sind, konnten die FID-Messungen gezielt einzelnen Gé&nsen und ihren
Genotypen zugeordnet werden. Eine hohe FID deutet auf vorsichtigere Ganse hin, wahrend
eine niedrige FID mutige Ganse anzeigt. Rurale Ganse hatten eine hohere FID als urbane
Géanse in Stuttgart, die somit mutigere Personlichkeit zeigen. Dennoch konnte keine
Korrelation zwischen DRD4 Genotypen und FID gefunden werden. Dies kann methodische
Ursachen haben. Alternativ wurde DRD4 auch mit anderen Verhaltensmustern wie der
Suche nach Neuem und dem Erkundungsverhalten assoziiert. Diese kénnen sich zwischen
urbanen und ruralen Tieren unterscheiden und konnen daher moglicherweise die
unterschiedlichen Genotyp-Haufigkeiten erklaren. Es ist daher wahrscheinlich, dass die

lokale Auswahl von Lebensraumen von DRD4 beeinflusst wird.
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Zusammenfassung

Zusammenfassend zeigt diese Arbeit, dass verschiedene Faktoren, inklusive genetischen,
beim Management von urbanen Wildtieren beachtet werden mussen, da sich deren
Verhalten stark von dem ihrer ruralen Pendants unterscheidet, selbst wenn es die gleiche
Spezies ist.
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1. Introduction

1. Introduction

1.1. Urbanisation

Humans increasingly influence the environment of our planet, for example through habitat
fragmentation and urbanisation (Pelletier & Coltman, 2018). Some scientists suggest that this

is even a new geological era, called the Anthropocene (Steffen et al., 2011). Indeed, in the

last decades, the increasing urbanisation has led to over 55 % of all humans living in urban

areas (United Nations, 2019). As a consequence, natural habitats are modified, exploited

and polluted (Batary et al., 2018; Pelletier & Coltman, 2018). Approximately 75 % of our

pl anetdés | and surface has be amanadrvalsi(IPBES,2019).n s o me
Generally, anthropogenic actions lead to large negative impacts on the environment and

biodiversity (McKinney, 2008; Peterson et al., 2007). Of all plant and animal species,
approximately a quarter adr,e vaiashargiogbetweerdl0 s @At hr
(of bony fishes) and 60 % (of cycads; IPBES, 2019). Between 1989 and 2016, a study found

a decline of 76 % in insect biomass even in protected areas (Hallmann et al., 2017).

However, some species may find new habitats and opportunities in urban areas (McKinney,
2008). Based on the definition of Bourne and Simmons (1982), urban areas are those where
the number of human inhabitants per km? is higher than 620 (Bourne & Simmons, 1982).
Urban habitats such as the city of Stuttgart (southwest Germany) are characterized by
human influence, for example through traffic, lights and the increased noise level (Lowry et
al., 2013). This leads to a nearly continuous anthropogenic disturbance for the animal
inhabitants (Lowry et al., 2013). However, temperatures are warmer in cities, particularly in
winter, and there is an increased availability of food (Amrhein, 2013; McKinney, 2008; Murray
Mitchell Jr, 1961; Tratalos et al., 2007). Urban parks and lawns produce plentiful grass for
feeding, while food waste and supplemental feeding provide additional food sources for the
animal inhabitants (McCleery, 2010; McKinney, 2002). Among the species occurring and
thriving in urban habitats are many mammals such as raccoons Procyon lotor (e.g. Prange et
al., 2003), red foxes Vulpes vulpes (e.g. Plumer et al., 2014; Scholz et al., 2020) and black
rats Rattus rattus (e.g. Byers et al., 2019; Feng & Himsworth, 2014) as well as birds such as
house sparrows Passer domesticus (e.g. Carrete & Tella, 2011; De Laet & Summers-Smith,
2007; Robinson et al., 2005), feral pigeons Columba livia domestica (e.g. Murton et al., 1972)
or American crows Corvus brachyrhynchos (e.g. Withey & Marzluff, 2005). In many cities,
goose species have established populations which have grown over the last years (Fox,
2019). Geese prefer open feeding areas with highly nutritious food sources, which are
typically available in urban parks (Black et al., 2007). In addition to the feeding sites, urban
areas often include small lakes or rivers which offer safe roosting sites (Fox, 2019). Urban

goose populations can be found for example in Anchorage (USA; Laing, 1997; Smith et al.,
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1. Introduction

1999), London (U.K.; birdfact.com), Helsinki (Finland; Vaananen et al.,, 2011), Munich
(Germany; Kleinhenz & Koenig, 2018) or Stuttgart (Germany; Mai et al., 2022; Woog et al.,
2008). Indeed, most goose populations in the western Palaearctic increase in numbers, both
within urban areas and in their natural habitats (Fox & Leafloor, 2018).

1.2. Greylag geese

The greylag goose Anser anser (A. anser; Linnaeus 1758) is one of eleven species
belonging to the genus Anser (grey and white geese; Ottenburghs et al., 2016). They belong
in the family Anatidae in the order Anseriformes. Greylag geese can be classified in two
subspecies: the nominate western form (A. a. anser) and the eastern form (A. a. rubrirostris;
Hart & Downs, 2020). Western greylag geese can be found from Iceland in the north to North
Africa in the south. Eastern greylag geese range from Turkey to southern Siberia and
northeast China. In central Europe, including Germany, mixed populations of the two
subspecies as well as hybrids exist (Holzinger et al., 2018). Numbers of greylag geese
across Europa have been increasing in the last decades (Fox & Leafloor, 2018) and they are
classified as Least Concern by the IUCN (BirdLife International, 2018). Greylag geese are
partially migratory and can be divided in several flyways as well as resident, non-migratory
populations (Madsen et al., 1999). They are among the first bird species that have been
domesticated (A. a. domesticus; Kozak, 2019), as early as 3 000 years B.C. either in Asia
(Crawford, 1984) or in Egypt (Kozak, 2019).

In Europe, greylag geese are one of the largest native goose species. They can reach a
length of 76 to 98 cm, weighing 3270 g on average (Hart & Downs, 2020). There is no sexual
dimorphism, as both sexes of both subspecies have a grey-brown plumage with a white,
irregularly spotted belly (Fig. 1A; del Hoyo et al., 1992; Hart & Downs, 2020). Bills and legs
are either orange (Western subspecies, A. a. anser) or pink (Eastern subspecies, A. a.
rubrirostris; Johnsgard, 2010). Each year, during May and June, greylag geese moult their
wing feathers and cannot fly for up to five weeks (del Hoyo et al., 1992; Schwarz & Woog,
2012).

Greylag geese can be found in a wide range of wetland landscapes as well as on agricultural
fields or grasslands (Hart & Downs, 2020). They require open landscapes with water bodies
(Carboneras & Kirwan, 2020), since they rely on water as a refuge from predators during
moulting, for roosting during the non-breeding season and for nesting (Delacour, 1964;
Powolny et al., 2018). They start breeding in March and April, depending on the geographic
location. Nest sites are usually close to the water, for example on islands, and protected by
vegetation (Carboneras & Kirwan, 2020; Delacour, 1964; Powolny et al., 2018). On average,

greylag geese lay five to six eggs, though larger clutch sizes are possible (Glutz von
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1. Introduction

Blotzheim, 1990). Both parents raise the goslings together (Fig 1B) until they fledge (i.e.
develop wing feathers large enough for flight; Oxford Languages) after 12 to 16 weeks (Hart
& Downs, 2020). However, goslings often stay with their parents until the next breeding
season and the geese form social bonds including dominance hierarchies with other families
(Scheiber et al., 2005; Weil} et al., 2010). Greylag geese pair for life and can reach up to 26
years of age (Lorenz, 1992). They are herbivorous with a diet including grass, sprouts or
roots but also fruit, crops or tubers (Holzinger et al., 2018). They will also occasionally feed
on aquatic plants (Carboneras & Kirwan, 2020; Delacour, 1964).

1.2.1 Stuttgart greylag geese

In Germany, greylag geese are classified as regionally established and occur both in
autochthonous and introduced populations (Bauer et al., 2016). A non-migratory population
can be found in Stuttgart, the capital of Baden-Wirttemberg in southwest Germany. The first
sightings of greylag geese in Stuttgart occurred at the Max-Eyth-Lake (48°50'03" N 9°12'55"
E) in 1981 (Woog et al., 2008), followed in 1983 by a pair which likely originated from the
flock at the Max Planck Institute in Seewiesen (Ho6lzinger et al., 2004). While there was a
successful brood in 1984 (Woog et al., 2008), the next successful broods took place in 1995
and 1996 (Holzinger et al., 2004). Starting in 1999, greylag geese established a stable
breeding population at the Max-Eyth-Lake (Hoélzinger et al., 2004). A ringing project was
initiated in 2002 by the Stuttgart State Museum of Natural History (SMNS), with the greylag
geese receiving a metal ring from the Vogelwarte Radolfzell on one leg and a blue plastic
ring on the other leg (see Figure 1A for a greylag goose with both rings). Each year, geese
were caught and ringed during moult (in late May and early June), leading to a total of 1552
ringed birds by 2022. Beginning in 2007, the geese were counted weekly by the same
observer who also recorded the rings. These first ring recoveries showed that the majority of
the greylag geese remain in the city year round (KaBmann & Woog, 2007, 2008). They move
between the breeding grounds at the Max-Eyth-Lake and the parks and lawns at the Inner
CityParks( 48A4706540 N 9A126240 E, ;Figi®.l uding the Rose

1.2.2 Greylag geese in rural areas around Stuttgart

Greylag geese have established populations in different locations in the Middle Neckar

region, such as at Zizishausen (4 8 A386 13066 )MNrVeemaul(daBHHBO X266 N 9A2
E) since the 1990s (Holzinger et al., 2004). A new breeding area has been established in

2018att he Zugwi esen near Ludwi gs;Fig.rip). ThesZeghiesed® 330 N
is a wetland landscape which was artificially created from 1998 to 2013 (Griinzug Neckar).

As passage for fishes in the main river Neckar is disturbed by a large weir, the Zugwiesen

area includes a small distributary. Human access to large parts of the area is restricted and

these parts are protected by a fence. Greylag geese roost and nest within the protected area,
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1. Introduction

though they also feed outside on meadows and agriculturally used fields. Starting in 2019,
the yearly catches of the SMNS were also conducted at the Zugwiesen. Between 2019 and
2022, a total of 107 Greylag Geese were ringed there.

Figure 1. Greylag geese in and around Stuttgart. A: An urban greylag goose wearing a

metal ring of the Vogelwarte Radolfzell (red circle) and a darvic ring (blue circle). B: Goose
family with three goslings at the Max-Eyth-Lake. C: One of the lakes at the Rosensteinpark,
depicting a typical urban habitat. D: Water area at the Zugwiesen near Ludwigsburg,

depicting a typical rural habitat.

1.3. Population development

The term population has been defined in a variety of ways, often referring to specific groups
of animals which are either spatially, genetically or demographically separate (Wells &
Richmond, 1995). However, occasionally, it may refer to groups which are not geographically
separat e. I n this case,coultlbeased @elmn& Ridchmang 1995. o pul at
In order to manage the urban populations of wild animals, it is important to understand
population limitations and what drives the changes in the populations (Pelletier & Coltman,
2018; Siriwardena et al., 1998). In urban mammals, the population demographics show a
high survival and reproduction rate, often differing from rural animals (McCleery, 2010). The
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1. Introduction

survival rate is one of the key parameters which drive population changes (Siriwardena et al.,
1998). A reduced survival rate may cause severe population declines even when other
parameters are unchanged (Baillie, 1990). In some mammals, survival rates of urban
populations are higher than those of rural populations, though the mortality sources are
different (Etter et al., 2002; McCleery, 2010; McCleery et al., 2008; Prange et al., 2003).
While hunting may be reduced in urban habitats, there is a higher risk of collisions with
vehicles (Etter et al., 2002; McCleery, 2010; McCleery et al., 2008; Prange et al., 2003). For
small mammals and birds, predation by house cats Felis catus is an additional factor
negatively influencing survival (Stracey, 2011; Woods et al., 2003), though some natural
predators also occur in high densities in urban areas (Kettel et al., 2018, 2019; Sorace,
2002).

1.3.1 Reproductive success

Reproductive success, e.g. how many young survive in a brood, is the other important
parameter influencing population growth and change (Owen & Black, 1989; Siriwardena et
al.,, 1998). Reproductive success itself is influenced by a variety of factors, such as the
weather, food availability or the fitness and experience of the parents (Angelier et al., 2007;
Newton, 1998). As population sizes increase, density dependence through resource
competition may occur (Newton, 1998). Competition for nesting sites is particularly crucial
when there is limited space, such as on islands or on beaches (Mazaris et al., 2009; Owen,
1984; Prop et al.,, 1984). After birth or hatching, the availability and quality of food also
influences the reproductive success (e.g. Hertel et al., 2018; Prop et al.,, 1984). In lesser
snow geese Anser caerulescens caerulescens, some families with young will disperse to
avoid the overcrowding at the nesting sites, leading to a higher reproductive success (Cooch
et al., 1993). Both the fitness of the parents prior to birth or egg laying and their previous
breeding and parenting experience may affect reproductive success (Angelier et al., 2007;
Béty et al., 2003; Black et al., 1996; Choudhury & Black, 1994; Ens et al., 1993; Hertel et al.,
2018).

Another possible factor influencing reproductive success is urbanisation itself (Chamberlain
et al., 2009). However, studies analysing this factor showed contrary results depending on
the species (Chamberlain et al., 2009). Many urban populations of mammals, such as
raccoons or black bears Ursus americanus, had a higher reproductive success (Beckmann &
Berger, 2003; Prange et al., 2003). In birds, this pattern can also be found, for example in
common ravens Corvus corax or peregrine falcons Falco peregrinus (Kettel et al., 2019;
Kristan & Boarman, 2007). In contrast, other species such as great tits Parus major had a

lower reproductive success in urban areas (de Satgé et al., 2019).
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1.4. Behaviour and personalities

In order to live and reproduce in urban habitats, animals need a higher tolerance towards
anthropogenic disturbance (Mgller, 2009). There are two main theories offering an
explanation on how this tolerance works. In the first, an individual has the ability to adapt its
behaviour to the environment, showing a behavioural flexibility (Sol et al., 2002, 2013; Sol &
Lefebvre, 2000). This behavioural flexibility reflects a phenotypic plasticity, wherein the
genotype remains the same but the behaviour changes depending on the environment (Kelly
et al., 2012). In the second theory, these behavioural differences occur between individuals
and reflect their genotype. When individuals show a consistent behaviour, regardless of the
environment, this consistency is called animal personality (Carrete & Tella, 2017; Dall et al.,
2004). The main conditions for animal personality are the detectability of differences between
individuals and the consistency of behaviour over time and contexts (Kaiser & Muller, 2021).
Depending on the definition, fulfilling either consistency over time or over contexts may be
sufficient (Kaiser & Miller, 2021; Réale et al., 2007). Personality traits have been analysed

mostly in vertebrates (Stamps & Groothuis, 2010), though there is an increasing number of

studies analysing personality in invertebrates (Kralj-Fi ger & Sc hAnenald with&® 01 4)

higher tolerance towards anthropogenic disturbance may have a specific personality, such as

being bold and showing risk-prone behaviour (Blumstein, 2006; Wilson et al., 1994).

I n order to measure an animal 6s bol drescaps
behaviour by measuring its reaction to an approaching potential threat (Blumstein, 2006).
While an animal might detect a threat, the decision to flee would be made by considering the
economic costs of staying versus fleeing (Ydenberg & Dill, 1986). A birdbs
approaching potential threat may for example have an effect on its reproductive success, as
an early flight may lead to less time feeding and more energy spent (Angelier et al., 2007,
Black et al., 2007; Newton, 1998). The distance between an animal and the approaching
potential threat at which the animal flees is called flight initiation distance (FID; Hediger,
1934). In birds, FID has been extensively measured, offering ample knowledge on predation
risk assessments (Blumstein, 2019). Urbanisation, too, has been analysed as a factor
influencing FID, and FID was shorter in urban bird populations when compared to rural
populations of the same species (Diaz et al., 2013; Mgller, 2015; Mgller et al., 2015). A low
FID indicates a bolder personality and a reduced fearfulness of the animal, which may lead
to the necessary tolerance towards human disturbance (Mgller, 2009, 2015; Scales et al.,
2011).

1.4.1 Genetics

There is an increasing number of studies looking at candidate genes which might affect

specific phenotypes and thus, specific personalities (Savitz & Ramesar, 2004). It is likely that
6
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personality cannot be determined by a single gene but rather by a set of genes (Comings et
al., 2000). Nevertheless, there are some promising genes which may have a function in
regards to personality, such as the serotonin transporter (SERT) protein and the dopamine
D4 receptor (DRD4; Savitz & Ramesar, 2004). Serotonin and dopamine are
neurotransmitters which regulate many functions, including emotion (Callier et al., 2003;
Savitz & Ramesar, 2004). In order to determine whether a gene may have an effect on the
personality, association studies will look at specific variants of the gene (e.g. polymorphisms)
and statistically compare these with behavioural observations (e.g. novelty seeking; Savitz &
Ramesar, 2004). SERT has been associated with problem solving, exploratory behaviour
and novelty seeking in great tits (Grunst et al., 2021; Riyahi et al., 2015).

The DRD4 gene has been extensively studied even in humans, where it has been associated
for example with attention-deficit/hyperactivity disorder (ADHD; Ding et al., 2002). The gene
is highly variable, including several single nucleotide polymorphisms (SNP) and variable
number tandem repeats (VNTR; Ding et al., 2002). SNPs are substitutions of a single
nucleotide at a specific position while VNTR refers to a region where a short nucleotide
sequence is repeated adjacently several times. Subsequently, studies looking at DRD4 and
behaviours had been done in mammals such as horses Equus caballus (Momozawa et al.,
2005), dogs Canis familiaris (Hejjas et al., 2007) or mice Mus musculus (Dulawa et al., 1999;
Falzone et al., 2002). The most frequently studied organism is great tits, where DRD4 has
been associated with exploratory behaviour and novelty seeking (Fidler et al., 2007; Riyahi et
al., 2017; Timm et al., 2015, 2019). Studies on other bird species such as blue tits Cyanistes
caeruleus (Kluen et al., 2012), dunnocks Prunella modularis (Holtmann et al., 2016), black
swans Cygnus atratus (van Dongen et al., 2015), yellow-crowned bishops Euplectes afer
(Mueller et al., 2014) and collared flycatchers Ficedula albicollis (Garamszegi et al., 2014)
also found significant associations between DRD4 and behaviour, though negative results
have been published for two species: common starlings Sturnus vulgaris and Seychelles

warbler Acrocephalus sechellensis (Edwards et al., 2015; Rollins et al., 2015).

1.5. Aims of this work

Greylag geese are a well-known model organism for behavioural studies, as a social animal
which has been well-studied since Konrad Lorenz6 s wor k i fScheibeeet dl. 2610)s
The local population of greylag geese in Stuttgart has been monitored since 2007, leading to
an extensive set of data on dispersal, reproduction and population development. As most
geese are ringed, all collected data can be analysed on an individual level. This work aims to
describe the population development of greylag geese in the city of Stuttgart, particularly by
analysing reproductive success, and further analyses whether the gene DRD4 influences

behaviour in the urban population.
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The local population size of greylag geese in Stuttgart has been increasing since its
establishment in the late 1990s. As one of the key parameters driving population change,
reproductive success of the geese may explain the rapid population increase. In this local
population, reproductive success can be tracked for individual geese over a period of 17
years, enabling a broad over vi Aswaloogrernt diudy, tipsopul at i
data may explain population dynamics (Banks & Thompson, 1987). Reproductive success
can be analysed using a variety of measures depending on the species (Clutton-Brock, 1988;
Howard, 1979; Owen & Black, 1989). Here, the fledging success (the relation between
hatchlings and fledglings) and the hatchling survival (the probability of a hatchling to survive
to fledgling) will be studied. There are many factors which may influence the two selected
measures of reproductive success, including the population size itself through density
dependence, the dispersal to a new brood rearing area or the breeding experience of the
parents. Several of these factors will be analysed in this work to determine their effect on the

development of the local greylag goose population.

The local population of greylag geese is an excellent example of a species thriving in an
urban habitat. In order to increase the available data on the genetic drivers behind behaviour,
it is interesting to compare the genetics of the urban local population with a rural local
population. So far, only two studies have investigated DRD4 in context with FID, and a
significant association between DRD4 and FID was found in both (Holtmann et al., 2016; van
Dongen et al., 2015). In black swans, FID and DRD4 genotypes were compared between an
urban and a rural population. Rare genotypes were associated with higher FIDs found in the
rural population (van Dongen et al., 2015). The aim of this work is to analyse DRD4 in a new
species, the greylag goose, comparing the genotypes of urban geese from Stuttgart with
those of rural geese. To detect if behaviour can be associated with the genotypes, FIDs of
greylag geese in Stuttgart and in a rural area nearby were measured. As all analysed geese
were ringed, genotypes can be individually connected to the behavioural measurements. If
DRD4 influences escape behaviour in greylag geese, there should be different genotype
frequencies in the geese analysed at the two locations, correlating with the difference in

measured FIDs.
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ABSTRACT

In the late eighties, Greylag Geese (Anser anser) started to colonise an urban area
previously void of geese in southwestern Germany. Between 2004 and 2020, in a period
of steady population increase with subsequent population stagnation, we analysed
two measures of reproductive success: (1) the relation between freshly hatched to
fledged young for each brood and (2) the probability of a hatchling to survive to
fledging. We were able to show that the dispersal of pairs from the nesting site to
a different brood rearing area resulted in higher reproductive success. However, the
increasing population size of Greylag Geese and the number of breeding pairs of
recently immigrated Egyptian Geese (Alopochen aegyptiaca) had a negative impact
on reproductive success, indicating density dependence. Our results show that newly
established populations in urban settings do not grow indefinitely, which is an
important fact that should be taken into account by wildlife managers.

Subjects Animal Behavior, Ecology, Zoology, Population Biology

Keywords Reproduction, Year effect, Breeding pairs, Colonisation, Dispersal, Egyptian Geese,
Density dependence

INTRODUCTION

In the Anthropocene, understanding population limitations in animals is becoming
increasingly important (Pelletier ¢ Coltman, 2018). While the majority of species are
declining or even disappearing, some profit from the presence of humans. As their
populations increase, conflicts may result in calls for hunting and population regulation.
Geese are a prime example, as most populations in the western Palaearctic have increased
considerably in the last century (Fox ¢ Leafloor, 2018) due to a shift from natural to
agricultural or urban habitats, where they damage crops or soil recreational spaces (Lowrey
et al., 1997; Fox & Abraham, 2017; Fox et al., 2017). Understanding the parameters that
drive population changes in wild animals remains a prerequisite for their management.
A crucial parameter is reproductive success (Siriwardena, Baillie & Wilson, 1998). Tt is
influenced by a wide range of biotic and abiotic factors, which include the intrinsic quality
of an individual itself (such as the ability to find nutritious food, a good mate and nesting
site, its age and breeding experience, and its ability to cope with intra- and interspecific
competition) but also environmental factors such as food availability, predation, or weather
conditions (Newton, 1998; Angelier et al., 2007). When populations increase, particularly
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in a defined space, intraspecific competition may increase and density dependence may
occur. The primary mechanism behind this is resource competition, particularly for space
and food (Newton, 1998). As a result, the growth rate of a population decreases at higher
densities (Lande et al., 2002). This increasing density of a population can have an effect on
reproductive success, for example through increased nest predation as shown in Savannah
sparrows Passerculus sandwichensis (Woodworth et al., 2017).

There are many measures of reproductive success and they may vary across species. In
birds, these include clutch size, number of hatchlings or fledglings, surviving number of
offspring into the next year or percent of offspring in a population (Howard, 1979; Clutton-
Brock, 1988; Owen & Black, 1989). Ecologically, the different measures are indicative of
selective forces active at different times of the annual cycle and locations of a bird. For
example, in geese, clutch size depends on the nutritional status of the female (Ankney ¢
Maclnnes, 1978). The number of hatchlings can be indicative of the defensive abilities at
the nest (Szipl et al., 2019) and the number of fledglings may additionally vary with food
supply and predation pressure (Williams et al., 1993; Fondell et al., 2008). Likewise, the
survival of offspring into the next year and the percent of offspring in a population may
also depend on dangers faced during migration, such as hunting (Clausen et al., 2017).

Among the goose populations which have been increasing over the last decades is the
well-studied Svalbard population of migratory Barnacle Geese Branta leucopsis, which
went from a low of 300 individuals estimated in the 1940s to over 12,000 individuals in
the 1980s (Prestrud, Black ¢ Owen, 1989) and continued to increase at a higher rate to
an estimated 45,000 individuals in 2015 (Fox ¢ Leafloor, 2018). The initial population
growth led to higher numbers of potential breeders and in turn to an increase in the
number of nests (Prestrud, Black & Owen, 1989). However, nest sites were limited and
by the 1980s, most of the breeding area was occupied (Owen, 1984; Prop, van Eerden ¢
Drent, 1984). The overall reproductive success of the population (defined as the percent
of young in the autumn flock in the wintering grounds in Scotland) decreased with
increasing population size (Owen ¢ Black, 1989). During this time, the availability of food
near the nesting sites on Svalbard influenced reproductive success, as food scarcity near
the nesting sites led to parents feeding further away and leaving nests unattended (Prop,
van Eerden & Drent, 1984). The low availability of food also led to feeding competition
between families during post-hatching. This may have reduced the fledglings’ ability to
store reserves for migration and thus resulted in a decreasing number of juveniles in the
wintering quarters (Ower, 1984). To mitigate this, several goose species move considerable
distances between breeding and post-hatching areas, such as Lesser Snow Geese Anser
caerulescens caerulescens in Manitoba, Canada. Between 1973 and 1987, the population size
nearly doubled (Cooch et al., 1989) and continued to increase thereafter (Fox ¢ Leafloor,
2018). Because of subsequent overcrowding at the nest sites, feeding conditions became
poor and led to a dispersal of families with freshly hatched young to the surrounding areas
of up to 50 km. Goslings from pairs which dispersed from the breeding area had a higher
pre-fledging survival and this resulted in a higher reproductive success of these pairs (Cooch
et al., 1993). This dispersal refers to the temporary movement of breeding pairs with their
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brood prior to fledging. It is important to distinguish it from natal dispersal, which is a
permanent movement after fledging (Cooch et al., 1993).

Lack (1947) hypothesized that reproductive success in birds would be highest at an
optimum clutch size. This optimum would be smaller than the largest possible clutch
size (Lessells, 1986). Two hypotheses consider this optimum predicted by Lack: in one,
the parents’ reproductive success would be weighed against their survival into following
years, while in the other, the resources invested into breeding would be weighed against the
amount of necessary care (Davies, Krebs ¢&» West, 2012). In geese, an in-depth study looked
at Lesser Snow Geese in Manitoba, where larger clutches had a higher rate of survival (i.e., a
higher fitness) than the smaller ones, but the effect was nearly linear (see Rockwell, Findlay
& Cooke, 1987 for an overview). In birds with long-term pair bonds, reproductive success
is also affected by the choice of the partner and the breeding experience with that partner:
In Svalbard Barnacle Geese, the reproductive success of pairs increased with the duration
of the pair bond (Black, Choudhury & Owen, 1996; Choudhury ¢ Black, 1994), while it
decreased in Eurasian Oystercatchers Haematopus ostralegus after a divorce (Ens, Safriel
& Harris, 1993). In Black-browed Albatross Thallasarche melanophris, fledging success
increased with age and breeding experience (Angelier et al., 2007).

In this paper, we study a local population (as defined by Wells & Richmond, 1995)
of introduced, urban Greylag Geese Anser anser in the city of Stuttgart, southwestern
Germany. A ringing project started in 2002 allowing individual identification. Subsequently,
data on local population size and individual reproductive success has been collected over
a period of 17 years (2004-2020). In 2010, the first brood of Egyptian Geese Alopochen
aegyptiaca successfully fledged in the same area, adding a new element to the local avifauna.
Both species share the same feeding grounds and brood rearing areas. We therefore also
monitored the local population size and number of breeding pairs of Egyptian Geese.

Within our defined study area, (1) we describe the population size and the number of
breeding pairs of Greylag and Egyptian Geese over a period of 40 years. In the more detailed
data set beginning in the year 2004, we analysed several hypotheses regarding reproductive
success of ringed Greylag Geese. We use two measures of reproductive success: firstly,
fledging success, i.e., the relation between freshly hatched to fledged young for each brood,
and secondly, hatchling survival, i.e., the probability of an individual hatchling to survive
to fledging. By analysing fledging success, we are able to look at reproductive success on
the level of breeding pairs. This measure of reproductive success may vary with the parents’
abilities. Hatchling survival specifically analyses the likelihood of each individual gosling to
survive to fledging. There, parental influence is only one of the several parameters which
may influence the gosling’s survival.

We hypothesize that the fledging success of individual goose pairs (2) decreases due
to density dependence, (3) increases with breeding experience and (4) will be higher for
pairs which bred more often when accounting for all broods of a pair. (5) Additionally, we
analyse fledging success across brood sizes to determine the optimum brood size for our
local population.

On an individual level, we hypothesize that hatchling survival (6) decreases with the
following variables or a combination thereof due to density-dependent mechanisms: (a)
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an increasing local population size; (b) the number of breeding pairs in a population; (c)
dispersal of pairs with young goslings to a new brood rearing area; (d) a higher number
of hatchlings per pair or (e) the increasing number of Egyptian Geese and their breeding
pairs due to competition or agonistic behaviour.

METHODS

Study area

Our study area is part of the city of Stuttgart, the capital of Baden-Wiirttemberg in
southwest Germany. The herbivorous geese use the urban parks for feeding and roosting,
including the Inner City Parks (48°47'54"N 9°12'24"E) near the city centre of Stuttgart
and a recreational area approximately 4 km to the north, the Max-Eyth Lake (48°50'03"N
9°12'55"E) (Kifimann ¢ Woog, 2008). Within the Inner City Parks, several small ponds
provide water refuges. Additionally, the river Neckar is nearby and connects to the Max-Eyth
Lake.

Study population

In Germany, there are both autochthonous and introduced Greylag Goose populations,
with the latter being classified as regionally established (Bauer et al., 2016). The population
in Stuttgart is such an introduced population. The first successful brood was reported
in 1995 at the Max-Eyth Lake (Woog, Schmolz ¢ Lachenmaier, 2008). Initially, the local
population increased only very slowly, but by 2020, it had grown to an average of 300
individuals (Hohmann & Woog, 2021a). A large proportion of the birds (over 95%) are
ringed with a metal ring of the “Vogelwarte Radolfzell” on one leg and a blue “Darvic”
ring with white writing on the other leg (n = 1252; 2002-2020), allowing individual
identification. Ring recoveries indicate that the local Greylag Geese are mostly non-
migratory and stay in the area all year round, even during cold winters (Kdifimann ¢ Woog,
2007).

Greylag Geese prefer breeding sites close to the water and on the ground, ideally out
of reach from terrestrial predators (Hart & Downs, 2020; Groom et al., 2020). Greylag
Geese have average clutch sizes of five to six eggs, though in rare cases exceptionally large
broods of 14 eggs are possible (Glutz von Blotzheim, 1990). In Stuttgart, they nest almost
exclusively on three islands at the Max-Eyth Lake. Over the years, more and more geese
had to share this very limited breeding space, leading to higher nest densities. While many
geese stay within the city year-round, some also fly to locations outside of Stuttgart after
moult. Among these, many non-breeders return from outside the city for moulting from
mid-May to mid-June. Some geese also breed outside the city limits and return to the city
with their fledged young (Woog, Maierhofer ¢ Haag, 2011).

The first brood of Egyptian Geese occurred in 2010 and since then, the local population
has been growing (Hohmann & Woog, 2021a). While the two goose species share the same
feeding habitats, Egyptian Geese utilize more diverse nesting sites, often in tall trees, and
have larger clutches than Greylag Geese, averaging eight to nine eggs per clutch (Cramp et
al., 1978; Callaghan & Brooks, 2016; Huysentruyt et al., 2020). As breeding sites for Greylag
Geese are limited in the study area, Egyptian Geese have a breeding advantage (van Dijk,
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2015). Although known to be aggressive towards smaller water birds, Egyptian geese rarely
attack Greylag Geese (Hohmann & Woog, 2021D).

Animal welfare

No animals were harmed as a consequence of the study. Permissions to catch and ring geese
were obtained from the Regierungsprisidien Stuttgart and Karlsruhe (AZ 55-8853.17/S;
55-9213.47 and 55-8841.03).

Data collection

Starting in 1985, counts of Greylag Geese in the defined study area were carried out
through opportunistic observations of unmarked birds. From 2002 to 2006, weekly counts
of mostly ringed individuals were conducted by a well-trained group of observers. From
2007 onwards, weekly counts (including unringed geese) were carried out by the same
observer (H. Haag). During the weekly counts of Greylag Geese, the local population size
and number of breeding pairs of Egyptian Geese were also monitored. The term “local
population size” refers to the highest count of geese during moult in the study area.

Access to the nest sites of Greylag Geese was not possible, as the islands are a Special
Protected Area according to the EU’s Birds Directive and are also used by a breeding
colony of Grey Herons Ardea cinerea which may not be disturbed. Therefore, it was not
possible to count the eggs of individual clutches but only freshly hatched goslings in the
weekly counts. Mortality in freshly hatched goslings is highest in the first days of life, so
opportunistic observations of birders in the area increased data quality during the first
week after hatching.

As most Greylag Geese pair for life (Lorenz, 1992), we used the fledging success (in
percent) of pairs rather than individuals. Each pair seen with goslings was therefore given a
unique pair-ID. Pairs which bred over several years retained the same pair-ID throughout
the years. When pairs separated and one of them bred with a new partner, a new pair-ID
was given.

Non-breeders were defined as those geese which were seen during at least two weekly
counts in the period of 15th March to 15th April, thus being presentin Stuttgart during the
breeding season without having bred themselves. After the breeding season, many geese
from the surrounding areas moult in Stuttgart, but these were not counted as non-breeders
as they may have bred elsewhere. They were, however, included in the highest annual count
used as local population size.

Statistics
All data analyses were conducted in R 3.6.2 (R Core Team, 2019) run from R Studio
(RStudio Team, 2021) using the Ime4 package (Bates et al., 2015) and ImerTest package
(Kuznetsova, Brockhoff & Christensen, 2017). Brood sizes were defined as the initial number
of young after hatching, as the number of eggs could not be counted. Only broods that
hatched were included in the analyses (n =237 broods with 938 hatchlings in total). We
analysed two measures of reproductive success: fledging success and hatchling survival.
Fledging success was defined as the relation between freshly hatched to fledged young
for each brood. Fledging was defined as the moment when the goslings were able to fly.
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The percentage of fledging success per brood (number of fledglings compared to number
of hatchlings) was analysed with a linear model. For each brood, the number of times a
pair had bred previously was calculated using the IDs of the pairs and the year as reference,
resulting in a discrete value for each brood symbolizing the nth time a pair bred. The
effect of the nth brood by a pair on fledging success was analysed across all pairs using a
mixed-effect model (LMM). The ID of each pair and the year of observation (2004-2020)
were added as random effects to control for pseudo-replication. Subsequently, the relation
between the mean fledging success of all broods by a pair and the total number of broods
was analysed in an LMM, controlling for the pair-ID and year. In both cases, the best fit
was chosen using post-regression residual analysis and mechanistic reasoning (Godfray,
Partridge & Harvey, 1991; Black ¢ Owen, 1995).

The impact of brood size on fledging success was analysed using an LMM controlling
for the pair-ID and year. Post-regression residual analysis and mechanistic reasons were
taken into consideration for regression selection (Rockwell, Findlay ¢ Cooke, 1987; Godfray,
Partridge & Harvey, 1991; Davies, Krebs & West, 2012).

Hatchling survival (i.e., the probability of an individual hatchling to survive to fledging)
was analysed in binomial generalized linear mixed-effects models (GLMM). The binary
variable indicating fully-fledged goslings (n = 619) with a “1” and hatchlings that died
(n=319) with a “0” was used as binomial (Bernoulli) response variable. The ID of each
pair and the year of observation (2004-2020) were again added as random effects. Six
explanatory variables were added as fixed effects and were scaled before use in the GLMM:s:
(1) the local population size of Greylag Geese at the time of moult (MaxGrey); (2) the
yearly number of breeding pairs of Greylag Geese (PairsGrey); (3) the highest weekly
count per year of Egyptian geese, since they breed all year round (MaxEgypt); (4) the
yearly number of breeding pairs of Egyptian Geese (PairsEgypt); (5) the initial number of
hatchlings in each brood of Greylag Geese (Hatchlings); and (6) whether a pair dispersed
with their young or not (Dispersal). Collinearity between variables in the models was
taken into account, following the proposed threshold of <0.7 for the absolute value of
correlation between variables proposed by Dormann et al. (2013). All models which had
strongly collinear variables as fixed effects were not considered for model selection.

Following the procedure described by Symonds & Moussalli (2011), we used an IT-AIC
all-subset approach for our model selection. We calculated the second order small sample
corrected Akaike’s information criterion (AICc) values and Evidence Ratio (ER) for every
combination of our six explanatory variables and their interactions using the gpcR package
(Spiess, 2018). We additionally calculated parameter estimates for the six models where the
difference in the AICc value when compared to the best model (AAICi) was lower than
two to describe the effect of each variable on hatchling survival. A multimodel inference
was performed by model averaging of these six models using the MuMIn package (Bartdn,
2020). The conditional average was calculated for the models with a AAICi lower than two
(Richards, 2005).
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RESULTS

Since the first two Greylag Geese were seen in the Stuttgart area in 1981, their numbers
reached a maximum of 342 individuals in 2015 but stabilized at 250 —350 geese since
2010 (Fig. 1A). A similar pattern of increase followed by stabilization was observed in
the number of breeding pairs. Regular breeding started in 1995 and varied between one
and three pairs until 2003. In 2004, numbers suddenly increased to eight and thereafter
ranged between five and seven pairs until increasing again in 2009 to 14 breeding pairs. The
number of breeding pairs ranged between 13 and 26 breeding pairs from 2009 to 2020 (Fig.
1B). Overall, the percentage of non-breeders in the population remained similar, ranging
between 72% and 87% (Table S1).

In 2010, the first successful brood of Egyptian Geese occurred in Stuttgart. In just three
years from 2016 to 2019 their numbers doubled from 86 to 174 individuals and in 2020,
230 Egyptian Geese were counted (Fig. 1A). Breeding pairs of Egyptian geese also increased
to 14 pairs in 2017, briefly dropped to eight pairs in 2019 and rose again to 13 pairs in 2020
(Fig. 1B).

Opver the years, the mean number of hatchlings per Greylag Goose pair ranged between
3.0 (2015) and 5.2 (2008), while mean fledgling numbers were between 1.2 (2015) and 4.7
(2008) (Fig. 1C). The annual fledging success (mean of all pairs) decreased initially from
100% in 2004 to a low of 38% in 2015, before increasing again to 62% in 2019 (Fig. 1D).

Between 2004 and 2020, a total of 104 different pairs of Greylag Geese bred in the study
area, but only 61 pairs bred a second time, with subsequent broods per pair decreasing
in number. Only ten pairs bred more than four times and of these, only two pairs bred a
total of eight times each. Fledging success initially increased and was highest in pairs that
bred for the 4th to 6th time. Later broods showed a decreasing fledging success per brood
(Fig. 2A). However, when looking at the overall fledging success of pairs, classifying them
by the total number of times a pair bred, the fledging success increased with the number
of broods per pair (Fig. 2B).

Between 2004 and 2020 (n = 237 broods), Greylag Goose pairs had on average 3.96
hatchlings. Most pairs had between two and four hatchlings, but the optimal brood size
regarding the proportion of surviving fledglings was skewed to larger brood sizes, which
were rarer. Fledging success (in %) was highest in pairs with 11 hatchlings, followed equally
by pairs with six and 15 hatchlings (Fig. 3).

In the GLMMs analysing the probability of a hatchling to fledge, some of the variables
showed strong collinearity (Fig. S1). Using the IT-AIC all-subset approach for model
selection, we selected a subset of all models (n = six out of 2099) in which the differences
between the AICc value of the best model and the one of interest (AAICi) are less than
two (Table 1). The best-ranked model, named M1, only includes three of the six variables
as well as an interaction between two variables, indicating that these factors influence
hatchling survival: local population size, number of hatchlings and dispersal. An increasing
local population size had a strong negative effect on hatchling survival (Fig. 4A), while a
higher number of hatchlings in a brood had a positive effect on their survival (Fig. 4B).
Additionally, Greylag Geese which dispersed to the different brood rearing area had a
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Figure 1 Population development of Greylag and Egyptian Geese and fledging success of Greylag
Geese. (A) Maximum annual count and (B) number of breeding pairs of Greylag (light grey) and Egyptian
Geese (dark grey) in the study area (1981-2020). Graphs adapted from Holmann & Woog (2021a). (C)
The mean number of hatched (light grey dots) and fledged (black diamonds) goslings of Greylag Geese.
(D) The fledging success per Greylag Goose brood (% of fledged/hatched). The annual mean fledging
success per pair decreased over the years (Im: y =—0.02x + 47.11, to, = —4.18, p <0.0001).
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Figure 2 Fledging success of individual pairs. (A) Fledging success per brood (%) of the nth time a pair
had a brood. The dashed line indicates a quadratic regression (y =—2.57x2 + 21.95x + 33.18). (B) Fledg-
ing success per brood (%) plotted against the total number of times each pair has bred. The dashed line
indicates a logarithmic regression (y = 21.75*log(x) 4 41.19). Large grey dots in a, b indicate the mean
of all fledging successes per brood = SE, bars indicate number of broods (A) and number of pairs (B),
respectively. The small dots represent each brood. Shading intensity increases with overlap with other
broods.
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higher hatchling survival (Fig. 4C), although the dispersal with large broods decreased

hatchling survival. In 2009, we observed the dispersal of a pair with freshly hatched young
for the first time. After hatching at the Max-Eyth Lake, they were resighted a day later in
the Inner City Parks, at a distance of about 4 km along the river Neckar. Thereafter, up to

five breeding pairs dispersed each year to the same location (Fig. 52). Across all years, a
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Figure 3 Frequency of brood sizes in Greylag Geese (2004-2020) in relation to the fledging success per
brood (%). The dashed line indicates a quadratic regression (y = —0.26x% + 5.32x + 43.96). Grey dots in-
dicate mean fledging success + SE and bars indicate number of broods.
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Table I The six best-ranked models, for which AAICi < 2. Models 1-4 (bold) were used for conditional
average in Table 3, grey shaded models contain variables with strong collinearity and were disregarded for
model selection.

M Variables k AlICc AAICi ER

M1 MaxGrey + Hatchlings + Dispersal + 7 630.3565 0 1
Dispersal*Hatchlings

M2 PairsGrey + PairsEgypt + Hatchlings + 8 630.8385 0.4820 1.2725
Dispersal + Dispersal*Hatchlings

M3 MaxGrey + Hatchlings + Dispersal + 8 632.1746 1.8181 2.4820
Dispersal*Hatchlings + Dispersal*MaxGrey

M4 MaxGrey + Hatchlings + Dispersal 6 632.2186 1.8622 2.5372

M5 MaxGrey + PairsGrey + Hatchlings + 8 632.2309 1.8744 2.5528
Dispersal + Dispersal* Hatchlings

M6 MaxGrey + PairsEgypt + Hatchlings + 8 632.2731 1.9166 2.6073
Dispersal + Dispersal* Hatchlings

Notes.
M, model name; k, number of fitted p AlCc, 11 ple corrected Akaike’s information criterion; AAICH, dif-

ference in AICc value with the best model; ER, Evidence Ratio.

Greylag Geese: MaxGrey, maximum annual count during moult; PairsGrey, number of breeding pairs; Hatchlings, number
of hatchlings per brood; Dispersal, whether a pair dispersed with their young or not (yes/no).

Egyptian Geese: MaxEgypt, maximum annual count; PairsEgypt, number of breeding pairs.

Interactions between variables indicated by * (Dispersal*Hatchlings and Dispersal*MaxGrey).

total of 13 different breeding pairs dispersed, some of which did so repeatedly in several
years. From 2016 onwards, fewer geese dispersed, ranging between one and three pairs
each year.

Mai et al. (2022), PeerJ, DOI 10.7717/peer].13685 9/22

18



2. Original research chapter

PeerJ

by
w

o] e o o . ese  sce o il e e e e o o o
s B
& £,
g B%- g B0
=4 2
3 @ . .
> >
£ | £ s . °
= . =
2 . S .
[ «
T . =4 ”
20%: 20% L
0% . L1 sow o 0 * e 0o @ .
100 150 200 250 300 12 3 4 5§ & 7 & & 10 1 12 "3 1£ 15
Maximum count of local population Number of hatchlings
100%1 - -
C DVUDS‘}D'O' o0 * e 0 . .
: = —
H .
B0 4 .
i 805
—_ . -
B O =
] 5 o E ®
Z o0k g B0
2 z
3 k B 2
o ° o
é 0% ° é 0% |
S * S .
© k)
i . T
20% 4 . 20%
0% o . o seas e .
i Yes 5 oom 1 n o
Dispersal Maximum number of pairs of Greylag Geese
E 0] o o 8 s e . . e & o
80%:
:
=
2 ow
g
5
»
=4
£ e
= .
ks P
<
*
20%
w{ e s e 8 o . - . o

0 5 10 %
Maximum number of pairs of Egyptian Geese
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Table 2 Binomial generalized linear mixed-effects models of the two best-ranked models M1 and M2.
Models show the effects of the local population size of Greylag Geese at the time of moult (MaxGrey),

the yearly number of breeding pairs of Greylag Geese (PairsGrey), the yearly number of breeding pairs of

Egyptian Geese (PairsEgypt), the initial number of hatchlings in each brood of Greylag Geese (Hatchlings)
and whether a pair dispersed with their young or not (Dispersal). CI, 95% confidence interval.

Hatchling surival (%)
Model M1 M2
Fixed Effects
Variables Estimate CI (95%) P Estimate CI(95%) P
(Intercept) 0.55 0.16-0.93 0.006 0.53 0.18-0.88 0.003
MaxGrey —0.65 —1.01to —0.30 <0.001
Hatchlings 0.19 0.01-0.38 0.043 0.19 0.01-0.38 0.044
Dispersal 0.69 0.39-0.99 <0.001 0.68 0.38-0.98 <0.001
Dispersal * —0.30 —0.61-0 0.048 —0.31 —0.61t0—0.01  0.044
Hatchlings
PairsGrey —0.50 —0.83t0o —0.18  0.002
PairsEgypt —0.41 —0.73 to —0.10 0.010
Random Effects Ml M2
Nip 104 104
T oo 0.76 0.73
Nyr 17 17
T00YR 0.30 0.21
Observations 938 938
Marginal R*/ 0.178/ 0.186/
Conditional R 0.379 0.367

As the number of breeding pairs of both species was not included in M1, we used model
M2, the second-best model, to analyse their effect. Regardless of species, the increasing
numbers of breeding pairs had a negative effect on Greylag Geese hatchling survival (Figs.
4D, 4E).

Dispersal and the size of the local Greylag Goose population had the strongest effect on
hatchling survival, followed by the number of hatchlings per pair. The interaction between
dispersal and the number of hatchlings was also represented in the best-ranked model,
with a negative interaction (Tables 2, 3, Table 52). Of the six variables, the maximum count
of Egyptian Geese was not included in the conditional average as it does not appear in the
best-ranked models.

DISCUSSION

In the newly colonised area in Stuttgart, the number of Greylag Goose breeding pairs
increased with the total population size. Subsequently, the fledging success of individual
goose pairs decreased, indicating density dependence, possibly through competition for
resources or nesting space. A similar observation was made in the Svalbard Barnacle Goose
population, though no significant density dependence effects on reproductive success
(fledgling survival) could be shown there. Instead, the total population size negatively
influenced population growth (Loonen, Tombre & Mehlum, 1998; Layton-Matthews et al.,
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Table 3 Conditional averages of hatchling survival of the four non-collinear models with AAICi < 2.

Variable Estimate Std. Error z-value p-value
(Intercept) 0.54 0.19 2.78 0.005
MaxGrey —0.64 0.18 3.45 <0.001
PairsGrey —0.50 0.17 3.01 0.003
Dispersal 0.67 0.16 4.31 <0.001
Hatchlings 0.21 0.10 2.09 0.037
Dispersal * Hatchlings —0.30 0.15 1.94 0.053
Dispersal * MaxGrey 0.11 0.20 0.58 0.565
PairsE&ypt —0.41 0.16 2.55 0.011
Notes.

Greylag Geese: MaxGrey, maximum annual count during moult; PairsGrey, number of breeding pairs; Dispersal, whether

a pair dispersed with their young or not (yes/no); Hatchlings, number of hatchlings per brood. Egyptian Geese: PairsEgypt,

number of breeding pairs.
2019; Layton-Matthews et al., 2020). It may be possible that such a situation occurred in
Stuttgart, with the local population size as a possible driving factor behind the stagnation
of population growth. However, as we measured no ecological parameters, we cannot
disregard their effect on fledging success. Direct density-dependent effects on fledging
survival are also possible, as has been shown in Lesser Snow Geese (Cooch et al., 1989) and
Black Brant Geese Branta bernicla nigricans (Sedinger et al., 1998). Studies in other bird
species have also shown that fledgling mortality increases with increased population density
(e.g., Grey Partridge Perdix perdix in Bro et al., 2003 or Savannah Sparrows Passerculus
sandwichensis in Woodworth et al., 2017).

When a local population reaches a high density in a defined space, there are more
individuals that have to share the same quantity of resources such as food or nesting places.
Crowding of animals may lead to social stress, as, given more room, individuals would
space themselves more generously (Metcalf, Hampson & Koons, 2007). Since nesting sites
at the Max-Eyth Lake are limited, breeding pair numbers stagnated since 2009. This aligns
with known data from other goose species, such as Barnacle Geese in Svalbard (Owern, 1984;
Prop, van Eerden & Drent, 1984; Black, 1998). Likewise, in migratory Dark-bellied Brant
Geese Branta bernicla bernicla, the limiting factor regarding breeding was the availability
of safe nesting sites (Ebbinge et al., 2002). In the Svalbard population of Barnacle Geese,
the recruitment rate declined with increasing population size (Owen & Norderhaug, 1977),
which increased the proportion of non-breeders in the population (Owen, 1984; Black, Prop
& Larsson, 2007). In contrast, in our local study population, the proportion of breeders
to non-breeders remained similar. This is reflected in the stabilization of both the local
population size (as seen from the maximum count) and the number of breeding pairs,
which occurred around the same time (2010). It appears likely that some juvenile Greylag
Geese will leave the study area, which is supported by resightings of Stuttgart Greylag Geese
in the surrounding areas (pers. obs. H. Haag, 2018). Further studies are needed to explore
the dispersal of the Stuttgart Greylag Geese to the surrounding areas and bring them into
context with our results.
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Fledging success was highest between the 4th and 6th brood of a pair and decreased
again when a pair bred together more than seven times, indicating a trade-off between
experience and age. Experienced pairs will have an advantage over first-time breeders, but
reproductive success will decrease with age (Fowler, 1995). While we do not know the ages
of many of our breeding pairs, reproductive success in Bar-headed Geese Anser indicus has
been shown to be influenced by the ages and the experience of the partners (Lanprecht,
1990). The initial increase in fledging success in our study indicates that pairs which had
already bred together were more successful. In Lesser Snow Geese, more successful pairs
were more attentive to their young (Cooke, Bousfield & Sadura, 1981), while in Barnacle
Geese, pairs which were successful in one year often continued to have higher reproductive
success in the following year (Raveling, 1981). As only 61 of our Greylag Goose pairs bred
more than once and only 10 pairs more than five times, competition regarding nest sites
on the breeding islands appeared to be high. This is also reflected in the stagnating number
of breeding pairs.

The overall fledging success of the individual pairs was higher for those pairs which
bred more often in total. Even though fledging success decreased in later broods, breeding
more often was still advantageous for successful pairs overall. It is unknown why certain
pairs bred more often than others, though there may be inherent qualities leading to a
higher number of broods and fledging success. A higher dominance rank may be useful in
retaining a nest site throughout the years. While we have not analysed social structure in
regard to dominance, in Svalbard Barnacle Geese, families with young win more encounters
than pairs or singles, indicating a higher dominance rank (Black ¢ Owen, 1989). Recent
studies have also shown that there may be an association between reproductive success and
heterozygosity (Seddon et al., 2004), which may be an interesting future research question
to address in our study population.

As the breeding islands are inaccessible, we were unable to determine the clutch sizes.
Our annual mean number of hatchlings per pair varied between three and five young,
which is similar to the mean clutch sizes of other populations of Greylag Geese (Nilsson ¢
Persson, 1994). Three hatchlings per pair were most common, while fledging success was
highest in pairs with six hatchlings (except for some exceptionally large broods of 11 or 15
hatchlings). While large brood sizes are uncommon (Glutz von Blotzheim, 1990), there may
be an advantage in raising large broods. In Barnacle Geese, families with large broods have
a higher social rank than families with smaller broods and profit from this by better grazing
opportunities (Black ¢ Owen, 1989). In wild Greylag Geese from Sweden, families with
more than three goslings also had a higher reproductive success (survival from hatchling
to fledgling) than families with less than three (Nilsson ¢ Persson, 1994). This mismatch
between most frequent and most successful brood size may indicate resource competition
prior to or during egg laying. Contrary to migratory geese, resident geese acquire fat in
close vicinity to the nesting site. Alternatively, as a long-lived species, Greylag Geese may
possibly reduce their brood size to maximize their own survival into the next year. In
Common Eiders Somateria mollissima, females adjust laying date and clutch size based on
both external (i.e., environmental) and internal (i.e., body condition) influences (Descarnps
et al., 2011). Most parents would produce clutch sizes which are smaller than physically
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possible, and as parents have different abilities and experiences, the optimal brood size will
vary strongly among pairs (Drent ¢» Daan, 1980).

Using GLMMs, we measured the influence of a total of six variables on the likelihood of a
hatchling to fledge, i.e., hatchling survival. Some of our variables showed strong collinearity:
the maximum count of Greylag Geese was collinear with the number of Greylag Goose
breeding pairs. Likewise, the maximum count of Egyptian Geese was collinear with the
number of Egyptian Goose breeding pairs. While we included them as variables in our
analysis, models containing these collinear variables should be interpreted with caution.
We focus on the two best-ranked regression models, which do not contain collinear
variables. However, the remaining models among the six best-ranked regression models
cannot be disregarded, since AAICi is less than two (Richards, 2005). Overall, we find that
dispersal had the highest positive effect on hatchling survival, while the maximum count
of Greylag Geese had the highest negative effect. The number of hatchlings influenced
hatchling survival both in combination with dispersal and on its own. Higher numbers
of hatchlings per brood generally positively influenced hatchling survival, except when
the brood dispersed. Then, higher numbers were a detriment to hatchling survival. The
three variables and the interaction were also the variables remaining in the best-ranked
model M1. As the maximum count of geese led to a decrease in the probability of hatchling
survival, density dependent effects are likely. The results of the GLMM support our
individual analyses on these variables.

The higher hatchling survival of dispersed pairs is surprising, as the journey between
the nesting and the brood rearing area is hazardous. The families have to cross the main
four-lane traffic route as well as tram tracks on the last stretch. In an evolutionary sense,
dispersing birds were more successful and this could explain the observed behaviour. As
we did not measure food quality, predation pressure, or social stress we can only speculate
why dispersal was a success. Initially, with increasing population size, feeding competition
between families may have increased near the original nesting sites, as has been shown
for example in Barnacle Geese (Owen, 1984). Many goose species react to poor feeding
conditions by moving away from the breeding areas (Cooch et al., 1993) and indeed,
geese are known to select habitats which will optimize their reproductive success (Cody,
1985). Since goose families within an area usually form créches, local dominance of some
breeding pairs seems an unlikely explanation for the observed dispersal. As dispersal leads
to a higher fledging success, it is perhaps surprising that it remains a rare event. The number
of dispersing pairs per year decreased after 2016, which coincided with heavy construction
work at the described passage (Landeshauptstadt Stuttgart, 2021). In the future, in-depth
field observations of the breeding area during hatching time are necessary to explore why
some pairs choose to disperse yet others do not.

The increasing local population size of Egyptian Geese had no apparent influence on
Greylag Goose fledging success, but this may change in coming years. The number of
Egyptian Geese breeding pairs already had a negative effect. Introduced bird species may
have a negative impact on the existing avifauna, although there are few studied examples.
Among the most common interactions are competition for nesting sites and food (Baker,
Harvey & French, 2014). While Egyptian Geese are known to displace other birds from
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nesting sites, this has not occurred at the Max-Eyth Lake (Hohmann ¢ Woog, 2021b).
Competition for food in our study area seems unlikely, as grazing is available throughout
the year, albeit in varying quality (Kdifimann & Woog, 2007). Introduced bird species may
also have a positive impact on native species, for example through facilitation by preferential
predation (Roemer, Donlan ¢ Courchamp, 2002). As we have no data on predation, we can
only speculate if Egyptian Geese serve such a role for Greylag Geese. While Egyptian Geese
are more vigilant than Greylag Geese (Hohmann ¢» Woog, 2021a), they may still have a
dilution effect by increasing the number of available prey (Duca, Brunelli & Doherty Jr,
2019).

As we study an urban population of Greylag Geese, we cannot disregard the possible
influence of urbanisation on reproductive success. While several studies have looked at
urbanisation as a potential factor affecting reproductive success, results are inconclusive
(Chamberlain et al., 2009). In some studies, urban birds have been shown to have poor
reproductive success, particularly when compared to rural populations of the same species
(e.g., Great Tits Parus major in De Satgé et al., 2019), while in others, more fledglings
were produced in suburban or urban landscapes (e.g., House Wren Troglodytes aedon
in Newhouse, Marra ¢ Johnson, 2008 and Northern Raven Corvus corax in Kristan &
Boarman, 2007). Greylag Geese have recently started to establish local breeding populations
in the rural areas beyond Stuttgart, which will allow a comparison of reproductive success
along an urban-rural gradient in the future.

SUMMARY AND CONCLUSION

In an urban local population of Greylag Geese, we were able to show that the dispersal of
pairs from the nesting site to a different brood rearing area appeared advantageous as it
resulted in a higher fledging success. Additionally, a higher number of hatchlings generally
resulted in higher fledging success. However, the increasing population size had a negative
impact on fledging success, suggesting density dependence. Pairs which were able to breed
together more often showed a higher fledging success. Our results show that some newly
established populations in urban settings do not grow indefinitely, which is an important
fact that should be taken into account by wildlife managers.
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