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ABSTRACT 

European quail is a migratory bird species, largely recognized for its use as game birds. This 

species is in constant hybridization risk with Japanese domestic quail or its hybrids, released 

every year in high numbers for hunting purposes. During the migratory seasons, either spring 

or autumn, individuals undergo major behavioural and physiological changes, as for instance, 

the switch from being diurnal to becoming nocturnally active (Zugunruhe or nocturnal 

restlessness), as well as the increase in body mass and fat accumulation, both good predictors 

of migratory disposition. This report aims to describe two experimental procedures conducted 

in two different cohorts of birds from the same quail population, held in captivity. In the first 

experiment, nocturnal activity was observed during the autumn migratory season in animals 

exposed to natural photoperiod. In the second experiment, physiological changes in body 

mass and subcutaneous fat accumulation were assessed through weekly measurements after 

an artificial increase in photoperiod to simulate spring migration. The expected phenotypic 

changes in terms of Zugunruhe and fattening during the migratory seasons were shown by the 

individuals used in these studies. Therefore, the European quail experimental population 

proved to be an adequate model for migration’s study. Finally, it is of extreme importance to 

raise awareness for hunting species potential conservation risks, especially for veterinary 

professionals. European quail hybridization with its conspecifics can lead to their loss of 

migratory drive and changes in population dynamics. 
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RESUMO 

A codorniz-comum é uma espécie migratória, amplamente utilizada como ave de caça. Esta 

espécie está sujeita a um constante risco de hibridização com a codorniz doméstica japonesa 

ou os seus híbridos, libertados anualmente em grande número com propósito venatório. 

Durante o período migratório, primavera ou outono, alguns indivíduos desta espécie sofrem 

alterações a nível fisiológico e comportamental, tornando-se ativos durante a noite 

(Zugunruhe), apesar de serem aves diurnas, e registando aumentos de massa corporal e 

acúmulos de gordura, bons preditores de disposição migratória. O presente relatório pretende 

descrever dois procedimentos experimentais, realizados em dois grupos de aves provenientes 

da mesma população de codornizes, mantida em cativeiro. Na primeira experiência, a 

atividade noturna foi avaliada em animais expostos a um fotoperíodo natural, durante a época 

migratória outonal. Na segunda experiência, as alterações fisiológicas de peso e a 

acumulação subcutânea de gordura, foram avaliadas através de medições semanais 

efetuadas após aumento artificial de fotoperíodo, simulando o período migratório primaveril. 

Os indivíduos experimentais demonstraram as alterações fenotípicas expectáveis durante os 

períodos migratórios, em termos de Zugunruhe e acúmulo de gordura. Portanto, a população 

de codorniz-comum estudada comprovou ser um modelo adequado para o estudo da 

migração. Finalmente, é de extrema importância a sensibilização para os potenciais riscos de 

conservação a que espécies cinegéticas estão sujeitas, especialmente por parte de 

veterinários. A hibridização da codorniz-comum com os seus conspecíficos pode levar à perda 

de disposição migratória e a mudanças na dinâmica populacional. 
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1. INTRODUCTION 

This report is the result of a significant part of my final internship at the Konrad Lorenz Institute 

of Ethology (KLIVV), University of Veterinary Medicine in Vienna (Austria), which lasted for a 

total of 30 weeks. During the first month, I had the opportunity to get involved in different 

projects, such as: helping a research group with field work and experiments’ preparation on 

Edible dormice (Glis glis); assisting in some aquarium social behaviour experiments with small 

cichlid fish (Neolamprologus pulcher and Neolamprologus caudopunctatus); learning ringing 

techniques and biometrical measurements taken from wild birds. After this initial period, I 

started working with Dr Valeria Marasco (Marie Curie Post-Doctoral fellow) on her project, in 

collaboration with Prof Dr Leonida Fusani and Dr Steven Smith, on European quail (Coturnix 

c. coturnix).  

European quail are migratory birds [37]. Like most migratory bird species, they are generally 

diurnal [37]. However, during migratory season (autumn or spring) individuals become active 

during the night  [37, 54]. When kept in cages, these birds can show nocturnal restlessness 

(Zugunruhe) [16, 28, 37, 38], which can be assessed as a measure of migratory disposition [9, 31, 38]. 

The fattening and increase in body mass, that occur typically before migratory season, can be 

good predictors of Zugunruhe in caged birds, including European quail [7, 28, 37, 41]. However, the 

possible hybridization of wild European quail individuals with Japanese domestic quail [59] that 

are released in high numbers every year for game purposes [28, 64], can lead to the loss of 

migratory tendency in the European quail [28]. The main project of Dr Marasco aims to 

manipulate and understand the underlying hormonal mechanisms of migration in European 

quail. Since it was crucial to get individuals that would express migratory tendency, pure 

European quail individuals had to be identified via genetic analysis (Marasco, V. unpublished).  

Most of the work done for this report consisted in two preliminary experiments, conducted in 

European quail from the same population, in order to assess changes in behaviour and 

physiology during migratory seasons. The first experiment, conducted in Italy, was based on 

the analysis of video recordings taken during nocturnal hours in order to monitor nocturnal 

behaviour. The second experiment, conducted in the KLIVV, was carried out in order to assess 

the presence of migratory phenotypic traits in a subset of quail from the same study population. 

Only part of the results from this work are included in this thesis. The pilot work developed 

during my stay (including methodology testing and additional small experimental procedures), 

all part of Dr. Valeria Marasco’s main project, allowed me to follow the whole process involved 

in planning and executing experimental procedures in a laboratory environment. During this 

internship, I have developed many skills, such as learning about several different computer 

software (Avisynth; Solomon; Microsoft Excel; SPSS; iSpy), behavioural analysis 
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competences, biometrical measurements determination and handling of small birds. I also had 

the opportunity to revise some laboratory procedures, such as DNA extracting and PCR 

techniques. Moreover, using the Nanodrop (NanoDrop 2000 spectrophotometer) I have also 

learned how to check for DNA purity. This internship enabled me to understand more about 

the avian migration’s physiology and develop my organizational skills, that might be required 

in possible future experiments and clinical essays’ planning. I had the chance to contribute to 

the fortnightly journal clubs, which gave me the possibility to read and discuss many published 

articles, improving my reading analysis skills and critical abilities. In addition, I had the 

opportunity to present one of these sessions. I also attended many seminars, held weekly by 

a guest from another research institute (these seminars were in English and about topics 

ranging from ethology to ecology or genetics). Therefore, I have greatly improved my spoken 

and written English language skills as well.   

My original goal with this internship was to gain some autonomy and confidence in a field I had 

never explored before. It was important and interesting for me to participate in the daily life of 

a research scientist, in order to consider the possibility to pursue this career path as a 

Veterinarian. 
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2. LITERATURE REVIEW 

2.1. Bird migration 

For many years, migration has been studied in a broad variety of organisms, including birds 

[48, 54, 61]. The most classical form of migration can be defined as regular movement of 

individuals from a certain species among different geographical areas [31, 48, 54, 61]. This is seen 

mainly among regions where breeding and non-breeding/wintering take place [31, 48, 61]. As a 

rule, this type of migration occurs annually and seasonally [48, 61], during spring and autumn, 

allowing individuals to exploit resources available in different regions during different times of 

the year [54, 61].  

Within species, migratory patterns are not homogenous [22]. Even within a population, variation 

of migratory disposition can differ among individuals [16, 22]. This intra-specific and inter-

individual phenotypic variation in migratory disposition has been defined as partial migration 

[22]. Specifically, partial migration can be observed when within a population only some 

individuals show a migratory phenotype, while others remain on the breeding areas during 

winter time [70]. This migratory pattern has been known to be common between bird species 

from temperate zones [47, 51, 65].  

Many hypotheses explaining partial migration behaviour have been proposed in the literature 

[1, 22, 65] but a general theory is lacking [1, 22] and to date it is unclear whether differences in 

migratory programmes among individuals are genetically [10] or environmentally determined [65] 

or resulting from the interaction between both genetic background and environmental cues [1, 

11, 22, 51, 60]. Moreover, the reason why this migratory pattern is still present in Nature in many 

bird populations is not well known [22]. It could be explained by the fact that in different 

individuals, the pay offs or fitness of migrating are identical to remaining on the breeding 

grounds during winter [22, 48, 51]. 

 

 

2.2. Definition of Zugunruhe 

A great number of migratory bird species migrate during nocturnal hours, even though they 

are diurnal when not in migratory season [32, 38, 41, 54]. It has been shown, that if maintained in 

captivity during their migratory periods these birds develop nocturnal restlessness [38, 41]. This 

phenomenon was called Zugunruhe [12, 38]. Zugunruhe started to be used as an important proxy 

of migratory behaviour, especially after the first recordings were performed with an automatic 

device by Wagner in 1930 [31, 38, 72]. In 1988, infrared light recordings have been tested to 

monitor Garden Warblers’ nocturnal activity [12], claiming not to affect the behaviour of the 

animals under observation [12, 15]. So far, these approaches as well as new technology devices, 
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such as passive infrared sensors [16, 28, 33, 34], spring activated perches [15, 41] or even 

accelerometers [5], have been used in innumerable studies with different species [38, 61]. 

However, Zugunruhe has been mainly studied and interpreted at a species level, although it 

can also vary among individuals, as reported by Bertin, Houdelier et al. [16]. In resemblance to 

what can be observed in nature in partial migrant populations, individuals’ phenotypical 

variation also occurs in captivity and should be taken into account as it could be linked to 

differences in individuals’ adaptations to environmental challenges [16]. 

In many migratory passerine species, the most evident behaviour observed during nocturnal 

restlessness has been “wing whirring” [12, 15, 24] which is described as a very fast and low 

amplitude beating of the wings [15]. Additionally, climbing, hopping or flying, have also been 

observed [12, 15, 24]. The intensity and duration of Zugunruhe observed in caged individuals was 

shown to be correlated to the duration and intensity of migration in wild individuals from the 

same population [9, 33, 38, 54]. While it is generally accepted that Zugunruhe reflects migratory 

disposition [31, 38, 54], the biological interpretation of expression and amount of nocturnal 

restlessness in captive birds remains controversial [38, 44, 54]. For instance, expression of 

Zugunruhe in some caged long-distance migratory birds during autumn, correlates with the 

actual duration of the migration performed in the wild. On the contrary, this correlation could 

not be shown for spring migratory season [31, 38]. It has been extensively observed that during 

spring, nocturnal restlessness in caged individuals is prolonged even after the migratory 

season, mostly ending only with post-nuptial moult [38, 44]. Furthermore, low level nocturnal 

restlessness has also been observed in resident birds [32, 44, 45, 54], rendering interpretation of 

this nocturnal behaviour often difficult to understand [44].  

 

 

2.3. Physiology of migration 

For several years, birds’ rhythmic activities such as migration or moulting have been 

exclusively explained as consequences of exogenous factors’ influences [39, 40]. Focus on 

external cues occurred especially after Rowan’s experiments, in which a strong influence of 

photoperiod on the onset of migration was suggested [31, 40, 43, 63]. Many researchers considered 

photoperiod to be the main variable to affect birds’ annual cyclicity [39, 40, 43]. However, this 

hypothesis would mean, that when kept under constant conditions, birds rhythmicity would be 

absent [40]. Though, this is not true [40]. Birds that winter in the tropics, where photoperiod is 

almost constant, still express circannual rhythms [39, 40]. Furthermore, in studies where birds 

are kept under constant light, individuals still show cyclicity [8, 36, 41, 50, 68]. Therefore, the 

existence of endogenous timing mechanisms has been suggested [9, 39, 40, 43]. However, it was 
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not until the late 50’s that research started to give emphasis to these endogenous control 

clocks [39]. Since then, endogenous mechanisms have been described in many species as 

controllers of seasonality [39-41, 43, 68]. To date, it is accepted that birds’ synchronization with 

environmental seasonal conditions is due to the interaction between both endogenous 

rhythmic cycles (circannual and circadian) and exogenous environmental cues [39, 40]. 

Nonetheless, photoperiod is still considered to be the main external synchronizing factor [20, 39-

41, 61].  

The complex organization of the circadian endogenous mechanism in birds is generally similar 

between species [20]. Most birds have retinal, pineal and deep encephalic photoreceptors [20, 

21]. Moreover, three major oscillators work as a pacemaker system [20, 21]. These are located in 

the retina, pineal gland [42, 69] and hypothalamus (suprachiasmatic nucleus and lateral 

hypothalamic nucleus) [20, 21]. Function of these oscillators varies among species [20]. However, 

both retina and pineal gland are responsible for the release of hormones, such as melatonin, 

essential for the pacemaker circadian rhythm role [20, 21, 32, 34]. Annual rhythmicity includes, as 

well, major physiologic and behavioural changes [7, 23, 40, 41, 54]. During migratory season, before 

the start of migratory flights, a switch in individuals’ behaviour and physiology, accompanied 

by hyperphagia, lipogenesis, increase in digestibility and changes in organ size [23], results in 

the expansion of adipose tissue [23, 54, 61]. The fast subcutaneous fat deposition results in the 

accumulation of adipose tissue in different parts on the birds’ body [54, 61], acting as reservoirs 

to fuel the migratory journey [54].The regulation of energy deposition that occur during migratory 

season is poorly understood, but some hormones, such as corticosterone [23, 54], prolactin [19, 

23, 54], melatonin [32, 34] and, more recently, ghrelin [35], are known to be involved and to have a 

role in regulating changes in body condition, such as fattening and food intake, departing 

decisions and nocturnal activity [23]. Along with body condition, changes in nocturnal behaviour 

intensity can be concomitantly observed in caged migratory birds [7], rendering fattening and 

increase in body mass good predictors of Zugunruhe in caged birds [6, 7, 28]. 

 

 

2.4. The European quail 

 2.4.1. Species description 

European quail are a non-colonial galliform, inhabitant of dense grassland and cereal crops 

[62]. They have a Palearctic distribution, being present in Europe, Asia and Africa [37, 66]. Like 

other bird species, European/Common quail migrate between their breeding and wintering 

seasons [37]. This Phasianidae species is a partial migrant, since individuals can be long-

distance migrants, short-distance migrants or residents [37, 66]. Thus, different population 

distributions can be expected according to individuals’ migratory tendencies [37]. Sedentary 
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individuals with a low migratory drive and earlier breeding season are established at 30-35°N 

latitude. Long-distance migratory phenotype individuals can be found in Northern Europe and 

the Sahel region [37]. The majority of individuals winter in Africa, bellow the southern border of 

the Sahara desert, from Senegal to Sudan, Ethiopia, Kenya, and even in some of the Arab 

countries and India [37, 66]. Some individuals winter in the Mediterranean area and a few remain 

(during winter) in some central to northern European countries [36, 37, 66]. During the breeding 

season, they can be found in a wide area that goes from the Atlantic Ocean to lake Baikal, in 

the south of Russia and from the Polar circle to the tropic regions [28, 36, 37]. In Portugal, 

European quail are nationally distributed and more individuals start spending winter in the 

south of the country and its islands [37]. Generally, long-distance migrants from this species 

perform spring migration starting from February/March until May [18, 37, 66]. Autumn migratory 

season typically starts in August and lasts until October/November [18, 37, 66]. Spring migration 

is well described, but there isn’t enough data about autumn migration phenology [37]. 

During migratory season, European quail have a similar behaviour as other migratory bird 

species and therefore, they switch their activity from diurnal to nocturnal [36, 37]. When kept in 

captivity during migratory season, individuals also show Zugunruhe [16, 28, 37]. According to 

Guyomarc'h [37], European quail’s nocturnal restlessness starts right after sunset and is 

constantly shown for 4 to 6 hours. The amount of nocturnal activity is comparable to the 

migratory patterns of their wild conspecifics [16]. Furthermore, during migratory season and 

before migratory journeys, European quail become hyperphagic, accumulating energy 

reserves mainly in the form of fat deposits [18, 37], as reported in other bird species. These 

changes in body mass and fat accumulation, which are shown to be strongly correlated in 

European quail, were reported in captive individuals at the corresponding time in which 

migration occurs in the wild [18].  Body fat deposits, namely the width of the lipid band, have 

been shown to be correlated to migratory disposition and Zugunruhe in European quail [16, 28, 

37].  

 

 

2.4.2. Current status  

The current status of the species is contradictory [58]. Presently, European quail are categorized 

as least concerned [17]: they are still present in a wide area of distribution and the species 

decline, recognized during the 1950 and 1960’s [37], hasn’t been sufficient to change its status 

into vulnerable [17]. Moreover, the number of individuals seem to be stable or even increasing 

since the 1990’s [37, 58]. Nevertheless, there is some general concern about this species, for 

causes such as: climate change, modifications of agricultural practices, hunting, introduction 

of new species and disturbance by people and feral animals [28, 37]. European quail have been 
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included in the Annex II part B of the EU Directive 2009/147/EC: “The hunting periods are 

limited and hunting is forbidden when birds are at their most vulnerable: during their return 

migration to nesting areas, reproduction and the raising of their chicks. They may be hunted 

only in the Member states in respect of which they are indicated“ [29, 30]. Moreover, a European 

Union Management plan [55] was developed between 2009 and 2011 and many European 

countries have forbidden the release of individuals other than Coturnix c. coturnix [58] (e.g. 

“Decreto-Lei nº 2/2011 de 6 de Janeiro de 2011” [25] in Portugal). Global warming is a present 

threat, not only to Common quail, but to many migratory birds: in a partial migrant population, 

milder winters and more food availability favour resident individuals in detriment of the 

migratory. Residents and short-distance migrants are the first to be on the breeding grounds, 

leading to a reduction of long-distance migratory birds in a population [14]. This contributes to 

changes in populations’ dynamics [14, 71]. At the moment however, the main threat to European 

quail survival is the introduction of Japanese domestic quail (Coturnix c. japonica) in their 

habitat [37]. Since European quail are mainly used for game purposes, there is an annual 

release of numerous amounts of farm animals [28, 64] which, unfortunately, largely come from 

an admixture origin with Japanese domestic quail [2, 28, 64]. Release is poorly controlled since it 

is mainly based on individuals’ phenotypical evaluation by veterinarians [64], which can be very 

misleading considering that hybrids are hardly distinguishable from wild Common quail [64].  

Japanese domestic quail can still be found in the wild in Asia [28]. However, they have been 

selected for many years for egg and meat production [53] which has made them more productive 

and adapted to captivity conditions than the European quail [57]. This artificial selection has 

culminated in the loss of migratory drive for the Japanese domestic quail [28]. Thus, they do not 

show nocturnal restlessness, which to many breeders and hunters is an advantage: they get 

less damaged plumage from not performing flight attempts and when hunting, birds don´t 

scatter much after being released [28, 38]. The yearly release of Japanese domestic quail or its 

hybrids can also lead to their hybridization in nature with the European quail, which in fact has 

already been proven to occur [59]. Moreover, no pre- [27, 37] or post-zygotic [26] mechanisms that 

could avoid potential hybridization have been identified [59]. Hybridization with Japanese 

domestic quail or its hybrids could lead to a change in the wild European quail population 

phenotypes, similarly to what can happen as a consequence of climate change [28]. 

Derégnaucourt, Guyomarc et al. [28] have shown that F1 generations, from European quail with 

domestic Japanese quail, lose migratory disposition. Nevertheless, reduction in the numbers 

of European quail individuals in nature still hasn’t been observed [57, 58]. High mortality caused 

by hunting, predation, winter and lack of foraging skills of the domestic Japanese quail and its 

hybrids [37, 57-59] could explain their lower numbers in the wild, available to breed [59]. It is 

important to note however, that even though hybrids’ introduction in the wild isn’t currently 
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changing population dynamics for European quail, it is well described that progression of the 

introduced species can have a lag phase followed by a rapid exponential increase [52, 57].  
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3. STUDY AIMS 

The two studies on European quail hereby described aimed to: assess whether a subset of 

individuals selected from the study quail population would exhibit nocturnal migratory 

restlessness (Zugunruhe) during autumn migratory season (from now on designated as 

“Experiment 1”); assess whether European quail subjected to a long photoperiod (which 

mimics spring migratory season) would exhibit migratory fattening, weight gain and nocturnal 

restlessness (from now on designated as “Experiment 2”).  

Individuals selected were part of a quail population held in Palermo, Sicily, with no previous 

information background. Therefore, this experiment was conducted, as well, in order to assess 

methodology suitability for further experiments. This included the evaluation of birds’ behaviour 

when housed in individual cages; the validation of video recordings’ applicability in the study 

context and software testing. 
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4. MATERIAL AND METHODS 

4.1. Animals and housing conditions 

4.1.1. Experiment 1  

 

The study subjects were part of a captive quail population maintained at the “Istituto 

Sperimentale Zootecnico per la Sicilia” (Palermo, Sicily). Microsatellite analysis [64] conducted 

in twenty randomly selected individuals from this quail population, confirmed that the study 

population’s genetic origin was consistent with that of a pure line of European Quail (Marasco, 

V. unpublished data). Signs of hybridization with Japanese domestic quail were absent. From 

this cohort of twenty birds, six individuals (1 male and 5 females) were randomly selected to 

monitor nocturnal behaviour (see paragraph “experiment 1: monitoring animal behaviour”), 

through infrared cameras (Handycam, UK).   

On the first day of the video recordings, the experimental quail were moved indoors and 

housed in individual cages (dimensions: 100 cm x 100 cm). The cages’ floor was covered with 

straw and hay and the roof was made of nylon nets to minimise potential head injuries due to 

flight attempts. Animals were exposed to ambient temperature and natural photoperiod. Food 

(Mangimi Leone SpA) and water were always provided ad libitum. Since the experiments were 

conducted between October and November, none of the experimental birds was in breeding 

conditions. 

 

4.1.2. Experiment 2 

 

Forty randomly selected individuals (16 males and 24 females) from the same quail population 

held at the “Istituto Sperimentale Zootecnico per la Sicilia”, were brought to the Konrad Lorenz 

Institute in January 2017. Since arrival day, birds were kept in indoor facilities, randomly 

distributed in four pens (160 cm x 160 cm) of 10 birds (6 females and 4 males) each. The pens’ 

floor and roof were similar to the aforementioned housing conditions: the floor was covered 

with straw and hay and the roof was built with nylon nets, to avoid head injuries in case of flight 

attempts. Individuals were exposed to a constant temperature of 20°C and 50 % of ventilation. 

Food (Garant Tiernahrung GmbH) and water were provided ad libitum. From arrival day until 

the week before the experiment started, artificial photoperiod of 10 : 14 h (hours of light : dark) 

was kept. As done in previous published studies [28], in order to simulate spring and induce 

spring migratory behaviour, the photoperiod was gradually increased one hour every day for 

four days, starting on the 20th of March. Thus, a final photoperiod of 14 : 10 h (hours light : 

dark) was attained on the 24th of March, with lights on from 06:00 h to 20:00 h. Birds were 
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identified with plastic white rings applied on their legs. Morphological measurements (see 

paragraph “experiment 2: measurements”) were taken from these experimental individuals.  

 

4.2. Experimental procedures 

4.2.1. Experiment 1: Monitoring nocturnal behaviour 

 

Recordings started on the 20th of October 2016 at 17:00 h and lasted until the 3rd of November 

2016 at 07:59 h (Table 1 for schematic representation). As afore stated, nocturnal behaviour 

was monitored through infrared cameras (IQ CCTV 8 Channel DVR HD 960H DVR, 

Handykam, UK). Each individual cage was equipped with a camera on top, so that the whole 

area of interest was visible during the recordings.  

 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Table 1. Schematic representation of the recording time (“Rec”) and the quails’ annual cyclicity. Based on the book 
Atlante della Migrazione degli Uccelli in Italia [66]. 

 

4.2.2. Experiment 2: Measurements 

 

Measurements of body mass (scale used ASCA CX501) and fat scores, following Boswell, Hall 

et al. [18], were taken every week at a standardised time (from 09:00 h to 13:00 h). Since the 

experiment was still ongoing, only the 3 weeks of parameters’ measurements, starting on the 

20th of March (day 0) until the 10th of April (day 21), were used for this report. Thus, four 

measurement days, that is day 0, day 7, day 14, day 21, were obtained. Day 0 of 

measurements occurred before the change in photoperiod. Based on Boswell, Hall et al. [18] 

published work, fat scores of 0 - 5 were given to three different body regions: furcular, scapular 

and abdominal (see Table 2). One individual (female) was excluded from the experiments due 

to accidental injury.  

 

Fat scores  

0 Very little or no subcutaneous fat. 

1 Light deposits, underlying musculature easily seen. 

2 Heavier deposits, musculature still visible in parts. 

3 Fat deposits overlay entire region. 

4 Area bulging with whitish globular deposits. 

5 Copious deposits overflowing onto outlying areas. 

Table 2. Fat scores based on previous literature [18], measured from the furcular, abdominal and scapular area.  

Wintering Spring migration Breeding Autumn migration Wintering 

Rec 
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4.3. Analysis 

4.3.1. Experiment 1: Video analysis 

 

The software virtualDub [3] was used to ensure that the video recordings from each cage would 

all start at the same time. Daily videos (from 17:00 h until 07:59 h) were concatenated using 

the software Avisynth [4]. Avisynth was also used to allow simultaneous visualization of three 

cages on a PC monitor (Iiyama ProLite E1908WSV-S1 widescreen monitor 19 inches). Thus, 

a total of 30 video files were created: 15 files from 17:00 to 07:59 h for cages 1, 2 and 3; 15 

files from 17:00 to 07:59 h for cages 4, 5 and 6.  

Video recordings were analysed using the software Solomon Coder [56]. Based on preliminary 

video observations, performed in order to minimise time effort while maximizing information 

input on nocturnal activity, a resolution of 1 minute every 10 minutes was defined. Similar to 

previously published work on European quail [16, 28], recording time was divided into distinct 

periods, of approximately three hours each: diurnal hours (D1 and D2), and nocturnal hours - 

that is, beginning of the night (BN), middle of the night (MN1 and MN2), and end of the night 

(EN) - see Table 3 for full details. Note that BN and D1 were defined according to the civil 

twilight registered in Palermo on the respective days [67]  as shown in Table 9 in the appendix. 

Due to the chosen observation resolution time of 1 minute every 10 minutes, the event 

“relocated” was defined. Therefore, some discrete information regarding “locomotor activity” 

during the minutes in which videos were not analysed could be obtained. 

 

 

 

 

Periods 

D2 from 17:00 h to civil twilight 

BN from civil twilight to 21:59 h 

MN1 from 22:00 to 00:59 h 

MN2 from 01:00 to 03:59 h 

EN from 04:00 h to civil twilight 

D1 from civil twilight to 07:59 h 

 

 

 

Behavioural categories 

Not active the individual didn't move (e.g. sleeping/resting). 

Locomotor activity 
the bird walked (this did not include repositioning during sleeping/resting at 

night/day time). 

Head/Body movements 
the individual moved its head continuously for more than 5 seconds or turned 

around (remaining in the same position). 
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Table 3. Descriptive tables of the periods, behavioural categories and events. These were defined before coding 
was done, using the software Solomon coder [56]. 
 

4.3.2. Experiment 1: Data analysis 

 

The raw data output from the software Solomon Coder was edited in Microsoft Excel 2010®. 

Different datasets were created with the total number of seconds individuals spent performing 

behaviours/events and respective percentages. The latter were calculated both per period of 

the day (i.e. D2, BN, MN1, MN2, EN, D1)1, as well as per each hour of recording. Actograms 

were built for the “locomotor activity” behavioural category (see appendix Fig 3), which has 

been considered a good proxy of migratory restlessness or Zugunruhe in quail [16, 28]. 

Actograms were not built for the remaining categories. Instead, frequency tables were created. 

Due to the small number of individuals analysed, statistical power was limited. Since previous 

studies in quail suggested that nocturnal “locomotor activity” is a good proxy of migratory 

restlessness [16, 28], a conservative approach was taken and statistical analyses were restricted 

to this behavioural category. Repeatability of “locomotor activity” was measured through a one-

way analysis of variance (Anova), as stated in Lessells and Boag [49]. Repeatability was 

calculated for all 14 days of observations. Subsequently, based on the descriptive data on 

“locomotor activity” (see results below), the 14 experimental days were divided into two time 

periods: the first eight days (from the 20-10-2016/21-10-2016 to the 27-10-2016/28-10-2016), 

in which the birds had shown to be more active, and the last six days (from the 28-10-2016/29-

10-2016 to the 02-11-2016/03-11-2016) in which “locomotor activity” of the most active 

individuals was visibly reduced.  

SPSS® [46] was used to create actograms in order to perform a descriptive analysis of  

nocturnal activity. Statistical tests were performed using Microsoft Excel 2010®. A significance 

p value of 0.05 was defined. 

 

 

 

 

                                                 
1 From the 20-10-2016/21-10-2016 to the 26-10-2016/27-10-2016: D2=660s; BN=1140s; MN1=1080s; 
MN2=1080s; EN=1080s; D1=360s. From the 27-10-2016/28-10-2016 to the 02-11-2016/03-11-2016: D2=600s; 
BN=1200s; MN1=1080s; MN2=1080s; EN=1140s; D1=300s. 

Events 

Relocated 
between each minute of observation, the individual relocated to another area of 

the cage. 

Flight attempt the individual attempted to fly (jumped up to the roof of the cage or to its sides). 
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4.3.3. Experiment 2: Data analysis 

 

Data from body measurements was input in Excel®. A dataset with each bird’s fat score and 

body mass, per measurement day, was generated. Based on previous literature [18], a new 

variable was created with the sum of body fat scores (furcular fat score + abdominal fat score 

+ scapular fat score) per individual, ranging from 0 to 15, as this has been shown to be strongly 

correlated to total body fat [18].  

To analyse changes of body mass among the different measurement days, differences in body 

mass between sexes across experimental days and correlation of body mass with the 

calculated sum of fat scores, a general linear mixed model was used. Measurement time (day 

0, day 7, day 14, and day 21 – variable used as continuous and modelled as a covariate), sex, 

and sum of the fat scores (modelled as continuous covariate) were entered as fixed factors; 

whereas individuals’ identity was included as a random factor to control for the presence of 

repeated measures. In preliminary analyses, the two-way interaction terms “Date x sex” and 

“Date x sum of fat scores” were checked and since they were not statistically significant (p 

>0.3), they were consequentially discarded from the final model. One individual, identified as 

an outlier (body mass at day 0 = 66.5 g, population mean body mass at day 0 (mean ± SD) = 

96.45 ±8.48g) was removed from the final analysis. The model’s assumptions were met and 

all model residuals were normally distributed. Statistical tests and graphs were executed using 

SPSS® [46]. A significance p value of 0.05 was defined. Statistical analysis performed should 

be regarded as preliminary, since experiment was still ongoing. 
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5. RESULTS 

5.1. Experiment 1: Descriptive statistics 

5.1.1. Behavioural categories 

5.1.1.1. “Locomotor activity” 

 

The individual in cage 3 showed the highest amount of nocturnal locomotor activity (appendix 

Fig. 3). This bird moved continuously for a whole hour on days 4, 5 and 6 (see appendix Fig. 

3 actogram cage 3). During day 5 and 6, the individual in cage number 3 showed the highest 

“locomotor activity” values (see Table 4). This bird was active during 62.7 % and 47.3 % of the 

night, on days 5 and 6, respectively. 

By inspecting the actogram “cage 3” and the associated frequency tables (Table 4 and 

appendix Fig. 3), a clear difference was noticeable between nocturnal activity observed from 

the 3rd until the 8th day compared to nocturnal activity of the first two and last six days of 

observation. From the 3rd to the 8th observation day, values of “locomotor activity” per night 

ranged from of 26.7 %, to 62.7 %. During the remaining days, “locomotor activity” was less 

than 8 % per night. During the most active days (3rd to 8th), “locomotor activity” was generally 

higher during MN2 and EN, when compared to other periods. Averages calculated during this 

time (3rd to 8th) were of 63.64 % and 53.24 %, during MN2 and EN, respectively. During BN 

and MN1 values were, on average, relatively lower (13.58 % and 30.19 %, respectively). 

 

 

Cage 1: Locomotor activity (%)  Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 35.2 16.7 2.58 16.7 19.2 4.24 27.3 0 29.5 0.33 14.5 7.67 5 4.83 

BN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

MN1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

MN2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EN 7.41 3.33 1.3 0 0 1.48 2.22 2.72 1.58 2.28 0.44 0.35 1.67 0 

D1 10 16.1 30 14.4 12.8 3.89 14.4 9.67 0 0.67 0 0.67 0 0 

Total night 1.8 0.8 0.3 0.0 0.0 0.4 0.5 0.7 0.4 0.6 0.1 0.1 0.4 0.0 

 

 

Cage 2: Locomotor activity (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 25.3 20.9 17 21.2 29.7 19.4 26.2 18.3 25.2 11.8 30 11 22.2 16.2 

BN 0 3.51 1.4 0.18 4.74 4.91 0.18 0 0 0 0 0 0 0 

MN1 7.78 2.22 3.89 1.94 0 10.2 0 0.09 0.19 0 0 0 0 0 

MN2 1.94 0.83 8.15 1.76 3.98 0 2.78 0 0.19 0 0 0.19 0 0 

EN 0.93 10 6.2 10.9 19.6 22.9 24.4 7.37 2.81 6.58 2.11 2.54 3.51 2.72 

D1 11.1 21.9 0 65 78.1 1.39 32.8 8.67 12.7 33.7 4.33 2 6.33 17 

Total night 0.03 0.03 4.9 3.7 7.1 9.4 6.7 1.9 0.8 1.7 0.5 0.7 0.9 0.7 
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Table 4. Frequency table of "locomotor activity" percentages per period, shown by experimental individuals, during 
all fourteen observation days. "Total night" stands for the percentage of “locomotor activity” observed during the 
whole nocturnal period, that is, the sum of BN, MN1, MN2 and EN. 

 

“Locomotor activity” shown by the individual in cage number 2 was visibly lower, with a 

maximum of 9.4% of activity calculated for day 6 (see Table 4). Despite differences between 

these results and values seen in cage 3, both individuals showed an overall similar pattern of 

“locomotor activity”. Individual in cage 2 was more active during days 3 to 7 (values ranged 

from 3.7 % to 9.4 % per night), when compared to the two previous and the following seven 

Cage 3: Locomotor activity (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 0 25.9 17.1 13.5 15.2 19.7 0 1.33 13.2 14.8 26.8 37.7 25.7 25.2 

BN 16 0 5.26 4.12 15.8 19.7 31.6 5.42 0 0 0 0 0 0 

MN1 5.56 0 8.15 12.5 74.1 33.3 22.1 30.9 0 0 0 0 0 0 

MN2 0 8.61 57.6 57.9 95.7 75.5 65.9 29.4 0 0 0 0 0 0.09 

EN 12.1 12.2 41.6 70 68.1 62.3 35.5 42.6 8.95 3.33 8.25 2.63 9.74 6.4 

D1 0 0 0 0 2.5 1.11 7.78 7.33 16.7 2.67 4 4.67 0 19 

Total night 8.5 5.1 27.8 35.7 62.7 47.3 38.7 26.7 2.3 0.8 2.1 0.7 2.5 1.6 

Cage 4: Locomotor activity (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 6.67 5.91 1.82 15 26.4 36.8 32.7 0 1.67 15 22.3 24.2 29.5 39.3 

BN 0 4.12 14.5 19.3 16.5 24.1 18.5 0.17 0 8.5 16 5 20.6 14.9 

MN1 0 5.56 12.3 0.09 13.6 11.2 0 0.37 0 0.28 0 0 1.57 0.37 

MN2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EN 1.2 36.4 0 0.37 2.96 3.98 2.5 0.26 1.75 0.44 0 0 0 0.18 

D1 1.67 1.39 6.94 4.72 7.22 0.83 0 5 1.67 0 0 5.67 0 0 

Total night 0.3 11.4 6.8 5.1 8.4 10.0 5.4 0.2 0.4 2.4 4.3 1.3 5.9 4.1 

Cage 5: Locomotor activity (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 0 10.8 8.33 9.09 9.09 10.6 21.4 0.33 5.5 7.33 6.83 11.2 5 1.67 

BN 0 0 0 0 0 0 0 0.25 0 0 0 0 0 0 

MN1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

MN2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EN 0 7.04 0.46 4.81 0.19 0.83 0.74 1.14 0 0.44 0.88 0 1.49 0 

D1 0.28 30.6 31.1 1.94 3.06 7.22 6.94 1.33 0 0 1.67 3.33 9.67 0 

Total night 0.0 1.7 0.1 1.2 0.0 0.2 0.2 0.4 0.0 0.1 0.2 0.0 0.4 0.0 

Cage 6: Locomotor activity (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 0.45 2.73 1.06 3.64 9.24 0.76 1.06 1.67 5.33 2.67 1.5 5.33 4.33 8.5 

BN 0.79 3.33 4.04 1.67 0 0.26 0 0.42 3.17 6.08 6.42 7.75 5.92 3.08 

MN1 2.04 0 0 1.39 0.83 0 0.28 0 1.57 1.85 0.28 0 0 0 

MN2 0 0 0 0.19 0 0.19 0 0 0 0 0.09 0 0 0 

EN 0 4.35 0 0 2.78 1.85 1.02 0 1.05 0.79 0.26 0 0 0 

D1 0.28 24.2 0.83 22.2 12.5 5 5.56 0.67 0.33 0.67 4.33 0 0 2.67 

Total night 0.7 1.9 1.1 0.8 0.9 0.6 0.3 0.1 1.5 2.3 1.9 2.1 1.6 0.8 
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days of observation (values ranged from 1.9% to 0.03% per night) (see appendix Fig. 3). As 

seen in Table 4 and appendix Fig. 3, during the most active days individual in cage 2 was 

generally more active during the EN period. An average of 16.8 % of activity was calculated 

during this period (from the 3rd to 7th days). During the remaining nocturnal periods the 

averages were 2.3 % during BN, 3.2 % during MN1 and 3.3 % during MN2. 

As observed in appendix Fig. 3, birds in cages 4 and 6 were also active during nocturnal hours. 

Individual in cage number 4 seemed to have shown more “locomotor activity” during the BN 

period (see Table 4 and appendix Fig. 3). It was predominantly during the “beginning of the 

night” that “locomotor activity” was displayed for longer, with a calculated average of 11.53 %. 

During the remaining periods the averages were 3.24 % and 3.49 % during MN1 and EN, 

respectively. This individual never showed “locomotor activity” during MN2. The bird in cage 6 

showed values of nocturnal activity ranging from 0.1 % to 2.3 % per night. The highest values 

obtained from this individual’s “locomotor activity” were, similarly to cage 4’s, observed during 

BN (average of 3.11 % of “locomotor activity”). During the remaining periods, averages of 

“locomotor activity” seen in this individual were never higher than 1.0 %. 

As shown in Table 4 and appendix Fig. 3, animals in cage 1 and 5 didn’t show nocturnal activity 

related to Zugunruhe during all 14 nights of the experiment. Values were mostly around 0 % 

during nocturnal hours, except for the end of the “EN” period. In this period, “locomotor activity” 

was observed in these individuals similarly as in the rest of the birds. Individual in cage 1 

showed a maximum of 1.8 % of “locomotor activity” per night. The same range of values was 

observed from individual in cage 5, with a maximum of 1.7 % of “locomotor activity” per night. 

 

5.1.1.2. “Head/Body movements”  

 

As can be seen in Table 5, all individuals displayed “head/body movements” during nocturnal 

periods. This occurred during all observation days. A clear pattern from these movements 

seems to be absent, since values appear to be randomly distributed.  

 

 

Cage 1: Head/Body movements (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 4.24 10.6 11.2 10 2.42 4.09 13.8 8 0.5 2.33 9.33 3.33 4 8.5 

BN 13.3 0 0 0.53 2.98 0 4.04 0 7 2.58 4.17 0.75 0 0.17 

MN1 19.2 7.78 2.13 5.65 0 16 5.37 1.94 5 7.96 0 6.57 1.11 8.15 

MN2 8.33 1.02 12.2 2.96 2.78 3.52 14.2 11.1 2.04 1.39 8.43 1.57 5.56 13.7 

EN 13 22.8 0.56 13.5 9.44 24.3 8.7 12.9 8.95 10.4 5.7 8.6 12.6 23.1 

D1 61.7 43.1 26.4 16.4 46.4 5 22.5 37.3 47 9 46.3 29.3 40 43.3 

Total night 13.4 7.8 3.7 5.6 3.8 10.8 8.0 6.4 5.8 5.6 4.6 4.3 4.8 11.1 
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Cage 2: Head/Body movements (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 16.5 18.9 6.21 17.9 5.15 22.9 1.06 1.67 8.33 9.17 0 8.5 17 3.83 

BN 5.18 26.8 7.72 7.89 8.6 14 22.2 9.92 9.83 16.4 7.58 2.67 9.92 3.25 

MN1 20.7 19.3 19.3 2.41 5.19 14 16.1 21.2 17.8 5.83 4.35 6.3 9.17 9.26 

MN2 28.7 13.8 23.6 16.2 13.2 2.78 18.8 10.7 8.52 0.83 7.96 2.22 2.41 10.1 

EN 39.7 26.4 7.13 5.09 7.31 21.2 12.8 11.7 6.75 13.8 20.5 6.67 11.1 11.5 

D1 87.5 39.2 23.6 0 5.83 17.2 39.7 48 71 20.3 21.3 16.3 46.7 32.3 

Total night 23.3 21.6 14.3 7.9 8.6 13.0 17.5 13.2 10.6 9.5 10.2 4.4 8.2 8.4 

               
Cage 3: Head/Body movements (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 2.27 6.52 10.5 25.5 8.94 8.94 7.27 6.33 11.2 0 5.83 4.67 5.83 6.17 

BN 3.51 6.93 6.67 3.68 3.25 3.51 7.54 2.58 0.58 6 10.7 8.75 1.92 2.25 

MN1 5.74 3.7 6.94 5.19 0.93 0 7.96 7.69 0 6.48 12.5 8.15 9.26 14.1 

MN2 3.98 4.72 2.5 8.24 0.74 2.13 3.24 2.78 3.43 0 0 0.56 5 14.1 

EN 9.07 4.07 0.83 5.19 2.22 9.44 4.35 18.8 12.6 4.82 3.07 6.4 6.32 22.7 

D1 25.6 0 0 10 3.89 15.8 7.5 16.7 26.7 5 10.7 13 0 36.3 

Total night 5.5 4.9 4.3 5.5 1.8 3.8 5.8 8.0 4.2 4.4 6.6 6.0 5.5 13.1 

               
Cage 4: Head/Body movements (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 43.3 25.3 1.52 2.27 5.91 11.8 13.2 8.83 1 8.83 9.5 8.33 13.7 9.67 

BN 8.25 12.5 5.53 9.21 2.72 5.26 8.51 12.3 2.92 3.58 5.67 7.5 2.08 5.92 

MN1 4.91 2.78 9.72 1.94 3.15 0 0.65 5.74 0 3.06 0 4.44 1.57 3.33 

MN2 3.15 0 0 5.74 9.35 11 6.76 0 5.74 3.15 3.7 2.41 1.57 5.09 

EN 15.6 16.5 11 5.56 7.5 10.1 5.37 5.61 7.98 7.98 10.2 14.4 0.18 7.02 

D1 17.2 23.9 3.33 16.7 1.11 37.2 46.4 16.7 30 1 48 39 8.33 3.67 

Total night 8.0 8.0 6.6 5.7 5.6 6.6 5.4 6.1 4.2 4.5 5.0 7.3 1.4 5.4 

             
Cage 5: Head/Body movements (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 10.3 9.85 9.85 0 2.42 11.5 3.03 0.83 11.7 12.7 7.33 4.17 9.5 2 

BN 0 3.07 2.28 2.54 16.4 6.58 3.77 12.8 11.3 9.08 5.08 3.42 8.42 7.58 

MN1 6.3 6.48 8.98 7.78 3.33 5.56 6.11 26.9 12.9 5.28 8.52 13.2 1.02 4.81 

MN2 0 10.3 13.9 1.67 6.39 17.2 10 17.4 9.63 21.4 4.35 8.98 3.43 3.7 

EN 7.13 8.7 11.2 7.5 12.8 14.8 11.9 10.2 11.9 20 18.2 11.2 8.86 9.21 

D1 27.2 27.8 30.3 18.1 23.9 22.2 33.6 20 52.7 20 38.3 32.3 4.67 10.7 

Total night 3.3 7.1 9.0 4.8 9.8 11.0 7.9 16.6 11.4 13.9 9.0 9.1 5.6 6.4 

               
Cage 6: Head/Body movements (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 17.7 22.3 20.6 13.6 10.2 6.06 2.12 10.5 13.8 18.8 16 15 8.17 15.3 

BN 19.9 17.2 19.4 6.75 4.12 3.68 3.6 8.33 8.92 12.3 4.58 9.67 5.17 6.33 

MN1 11.7 7.31 9.35 8.24 13.2 7.41 3.89 6.67 11.6 2.78 5.37 5.37 1.2 2.78 

MN2 1.76 2.22 1.57 6.67 4.44 1.76 5.19 0 4.72 8.33 6.57 0.74 2.13 3.43 

EN 3.89 5.37 1.39 9.91 7.04 3.8 6.85 4.21 7.02 6.84 3.95 2.54 7.19 9.65 

D1 27.2 44.7 9.72 7.5 16.4 30.6 10.3 17.7 11 9.33 31 3.67 34 21.3 

Total night 9.5 8.2 8.1 7.9 7.1 4.2 4.9 4.9 8.1 7.7 5.1 4.7 4.0 5.6 

Table 5. Frequency table of "head/body movements" percentages per period, shown by experimental individuals, 
during all fourteen observation days. "Total night" stands for the percentage of “head/body movements” observed 
during the whole nocturnal period, that is, the sum of BN, MN1, MN2 and EN. 
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5.1.2. Events  

5.1.2.1. “Relocated” 

 

“Relocated” patterns seem to coincide with the “locomotor activity” patterns observed in almost 

all cages, confirming that the chosen video resolution provided a good proxy for the behaviours 

of interest, in real time. In fact, individual in cage 2 has shown to have “relocated” more times 

between the second and eighth observation days (see Table 6). During this time, values 

ranged from 21.33 % to 43.84 % per night. During the remaining nights values decreased, 

ranging from 8.0 % to 13.70 %. The bird in cage number 3 “relocated” more often from the 3rd 

until the 8th day of recordings, with a value range from 35.62 % to 71.23 % per night. During 

this time, the individual showed to have “relocated” more times during MN2 (average of 33.73 

%) and EN (average of 52.51 %). In the remaining nights, the individual “relocated” less often 

(from 6.67 % to 20.55 %). When excluding the EN period, the individual in cage 4 also appears 

to have “relocated” more times during the BN period. During this period, an average of 37.00 

% was calculated. In the remaining periods the averages were 15.87 %, 2.38 % and 24.33 % 

during MN1, MN2 and EN, respectively. Again, as observed with the “locomotor activity” 

category, the birds in cage 1 and 5 relocated very little among the experimental days, with 

maximum percentage values per night of 9.59 % and 16.00 %, respectively. The individual in 

cage 6 was an exception to the apparent similarity between the “relocated” and “locomotor 

activity” patterns, having “relocated” many times, with values ranging from 4.0 % to 20.55 % 

per night, whereas “locomotor activity” values seemed to be much lower (see paragraph 

“locomotor activity”).  

 

Cage 1: Relocated (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 36.4 18.2 0 27.3 18.2 9.1 27.3 0 30 0 20 20 0 10 

BN 0 0 0 0 0 10.5 0 0 0 0 0 0 0 0 

MN1 0 0 0 0 0 11.1 0 0 0 0 0 0 0 0 

MN2 0 0 0 0 0 0 5.6 0 0 0 0 0 0 0 

EN 22.2 22.2 11.1 16.7 27.8 16.7 11.1 26.3 21.1 21.1 26.3 31.6 21.5 10.5 

D1 83.3 83.3 100 100 100 66.7 100 80 60 60 60 80 100 60 

Total night 5.5 5.5 2.7 4.1 6.9 9.6 4.1 6.7 5.3 5.3 6.7 8.0 5.3 2.7 
 

Cage 2: Relocated (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 36.4 72.7 36.4 36.4 36.4 27.3 36.4 20 30 30 30 20 30 10 

BN 0 26.3 15.8 10.5 52.6 42.1 5.3 0 0 10 0 5 0 0 

MN1 22.2 61.1 50 11.1 22.2 22.2 27.8 5.6 0 0 0 0 11.1 0 

MN2 11.1 27.8 38.9 16.7 38.9 33.3 27.8 27.8 22.2 0 0 16.7 0 11.1 

EN 22.2 55.6 55.6 50 61.1 72.2 66.7 52.6 26.3 21.1 42.1 26.3 31.6 31.6 

D1 100 66.7 16.7 83.3 100 66.7 83.3 100 100 80 20 20 20 80 

Total night 13.7 42.5 39.7 21.9 43.8 42.5 31.5 21.3 12.0 8.0 10.7 12.0 10.7 10.7 
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Cage 3: Relocated (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 0 27.3 36.4 45.5 27.3 45.5 0 10 30 20 30 40 40 20 

BN 15.8 0 10.5 10.5 21.1 26.3 47.4 15 0 0 0 0 0 0 

MN1 16.7 0 16.7 22.2 88.9 33.3 38.9 66.7 0 0 0 0 0 0 

MN2 0 16.7 66.7 72.2 100 83.3 83.3 44.4 0 0 0 0 0 5.6 

EN 50 44.4 50 83.3 77.8 94.4 66.7 94.7 36.8 26.3 26.3 36.8 26.3 26.3 

D1 0 16.7 0 16.7 16.7 66.7 16.7 40 100 80 20 20 0 60 

Total night 20.6 15.1 35.6 46.6 71.2 58.9 58.9 54.7 9.3 6.7 6.7 9.3 6.7 8.0 
               

Cage 4: Relocated (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 45.5 54.6 36.4 45.5 63.6 54.6 45.5 10 10 40 50 50 60 70 

BN 10.5 21.1 31.6 42.1 47.4 57.9 52.6 15 0 25 55 55 45 60 

MN1 11.1 38.9 50 11.1 22.2 22.2 0 5.6 0 33.3 11.1 0 11.1 5.6 

MN2 0 0 0 0 0 0 0 22.2 0 11.1 0 0 0 0 

EN 27.8 61.1 5.6 11.1 27.8 33.3 27.8 21.1 26.3 31.58 26.3 15.8 15.8 10.5 

D1 16.7 50 83.3 83.3 83.3 100 100 60 80 60 60 80 20 60 

Total night 12.3 30.1 21.9 16.4 24.7 28.8 20.6 16.0 6.7 25.3 24.0 18.7 18.7 20.0 
               

Cage 5: Relocated (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 9.1 9.1 9.1 27.3 27.3 36.4 36.4 10 20 30 40 30 30 20 

BN 0 0 5.3 0 0 0 0 30 0 0 0 5 15 5 

MN1 0 0 5.6 0 0 0 0 0 0 0 5.6 0 0 0 

MN2 0 0 11.1 0 0 0 0 16.7 5.6 0 0 0 0 0 

EN 55.6 27.8 16.7 16.7 27.8 27.8 22.2 15.8 26.3 26.3 5.3 21.1 10.5 15.8 

D1 16.7 100 83.3 66.7 66.7 100 100 80 40 40 20 80 20 60 

Total night 13.7 6.9 9.6 4.1 6.9 6.9 5.5 16.0 8.0 6.7 2.7 6.7 6.7 5.3 
               

Cage 6: Relocated (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 18.2 63.6 9.09 9.1 18.2 0 63.6 20 30 40 10 20 20 40 

BN 26.3 36.8 31.6 10.5 10.5 0 5.3 20 15 40 30 30 15 15 

MN1 22.2 16.7 11.1 11.1 11.1 0 0 0 27.8 16.7 11.1 0 5.6 0 

MN2 16.7 5.6 0 5.56 0 5.56 0 0 5.6 0 11.1 0 0 0 

EN 16.7 22.2 0 0 16.7 16.7 11.1 10.5 21.1 15.8 5.3 0 0 0 

D1 50 100 66.7 33.3 50 33.3 83.3 40 20 60 20 0 0 40 

Total night 20.6 20.6 10.9 6.9 9.6 5.5 4.1 8.0 17.3 18.7 14.7 8.0 5.3 4.0 

Table 6. Frequency table of "relocated" percentages per period, shown by experimental individuals, during all 
fourteen observation days. "Total night" stands for the percentage of “relocated” observed during the whole 
nocturnal period, that is, the sum of BN, MN1, MN2 and EN. 
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5.1.2.2.  “Flight attempts” 

 

“Flight attempts” occurred very few times. Values ranged from 0 % to 0.4 % per night (full 

details in Table 7). Individuals in cage 1 and 5 didn’t show any “flight attempts” during all 

observation days.  

 

Cage 2: Flight attempts (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BN 0 0 0 0.88 0.79 0 0 0 0 0 0 0 0 0 

MN1 0 0.28 0.19 0 0 0.46 0 0 0 0 0 0 0 0 

MN2 0.28 0 0 0 0 0 0.09 0 0 0 0 0 0 0 

EN 0 0.46 0 0.19 0.19 1.02 0.46 0 0 0 0 0 0 0 

D1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total night 0.1 0.2 0.0 0.3 0.3 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
               

Cage 3: Flight attempts (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 0 0 0.15 0.15 0 0.15 0 0 0 0 0 0 0 0 

BN 0.09 0 0 0.18 0.35 0.09 0.26 0 0 0 0 0 0 0 

MN1 0 0 0.09 0.19 0.28 0.19 0 0 0 0 0 0 0 0 

MN2 0 0.19 0.28 0.28 0 0.19 0 0.09 0 0 0 0 0 0 

EN 0 0 0.19 0.19 0 0 0 0 0 0 0 0 0 0.09 

D1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total night 0.0 0.0 0.1 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
               

Cage 4: Flight attempts (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 0.3 0.3 0 0 0.45 0.15 0 0 0 0 0.5 0.67 1.5 1.83 

BN 0 0.26 0.26 0.26 0.18 0.26 0.26 0 0 0.25 0 0 0.42 0.25 

MN1 0 0.09 0.37 0 0.09 0.19 0 0 0 0 0 0 0 0 

MN2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EN 0 0.28 0 0 0 0 0 0 0 0 0 0 0 0 

D1 0 0 0 0 0 0 0 0 1.33 0 0 0 0 0 

Total night 0.0 0.2 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.07 0.0 0.0 0.1 0.1 
 

Cage 6: Flight attempts (%) Day 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

D2 0 0.3 0 0 0 0 0.15 0 0.5 0 0 0.33 0 0.33 

BN 0.09 0.35 0.09 0 0 0 0 0 0 0.25 0.42 0.42 0.17 0.08 

MN1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

MN2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

D1 0 0 0 0 1.11 0 0 0 0 0 0 0 0 0 

Total night 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.0 

Table 7. Frequency table of "flight attempt" percentages per period, shown by experimental individuals, during all 
fourteen observation days. "Total night" stands for the percentage of “flight attempt” observed during the whole 
nocturnal period, that is, the sum of BN, MN1, MN2 and EN. 
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5.1.3. Repeatability 

 

Repeatability analysis of the “locomotor activity” category during all 14 days of recordings 

showed that approx. 37% of the variation is explained by inter-individual differences (F (5,78) 

= 9.27, p < 0.0001). Thus, there was significant consistency for this behaviour within the six 

individuals during this time period. When dividing the analysis into the first eight and last six 

observation days, repeatability values calculated were even higher. In fact, during the first eight 

observation days, when individuals were evidently more active, repeatability was of about 68 

% (F (5,42) = 18.15, p < 0.0001). During the consecutive six days of recordings, when 

individuals’ “locomotor activity” was reduced, repeatability calculated was of 55 % (F (5,30) = 

8.41, p < 0.0001).  

 

5.2. Experiment 2: Statistics 

 

Body mass showed a linear increase across the four measurements days, from day 0 to day 

21 (p < 0.0001 – Table 8; Figure 1). The population’s mean body mass increased between 

0.27 to 0.52 g per day (95 % CI) from day 0 to day 21. The average mass increase from day 

0 to day 21, in the experimental quail, was of 20.16 g (ranging from 3 to 42 grams per 

individual). The sum of fat scores was a significant predictor of body mass (p < 0.0001; Table 

8; Figure 1). Body mass increased 2.21 g per each unit increase of fat scores sum (95 % CI 

[1.83, 2.58]), controlling for date and sex (Table 8; Figure 1). Individuals’ sex showed a 

marginally non-significant effect on body mass (p = 0.052; Table 8; Figure 2). 

 

 

 Table 8. Changes of body mass in relation to the different measurement days (day 0, day 7, day 14, and day 21 – 
variable used as continuous and modelled as covariate), sex and sum of fat scores (modelled as continuous 
covariate), all entered as fixed factors. Ring or individuals’ identity was included as a random factor (Wald z = 3.89). 
Sample size of 38 individuals.  

 

 

 

      95 % CI 

Parameter Estimate SE df F p-value Lower bound Upper bound 

Intercept 
84.13 1.94 55.18 3669.86 .000 80.25 88.02 

Sex (female) 
4.51 2.24 35.46 4.04 .052 -.04 9.05 

Fat scores‘ sum 
2.21 .19 133.49 138.54 .000 1.83 2.58 

Date 
.39 .06 125.88 39.27 .000 .27 .52 

Ring - Variance 
43.06 11.07 -- -- .000 26.02 71.26 
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Fig 1. Correlation between body mass (g) and sum of fat scores, taking the measurement days into account (n=38). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig 2. Relation between body mass mean (g) between sexes, through the four measurement days (n=38). Error 
bars: +/- 1 SE.  
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6. DISCUSSION 

In the first experiment (Experiment 1), a thorough description of nocturnal activity exhibited by 

six European quail individuals was conducted. Similar to what happens in the wild, inter-

individual variability was observed and two phenotypic extremes seemed to be present: one 

bird (cage 3) displayed a great amount of nocturnal activity for at least eight consecutive nights, 

while other individuals (cage 1 and 5) never showed “locomotor activity” during nocturnal 

periods. Interestingly, birds in cages 2 and 3 showed a “switching” behaviour: after some days 

of intense nocturnal “locomotor activity”, both individuals nearly stopped moving completely. 

Based on previously published work [16, 28], two individual ethological profiles could be defined: 

nocturnal birds (i.e. potentially expressing the migratory phenotype), classified as birds 

showing “locomotor activity” levels of at least 10 % per nocturnal period (either the beginning, 

middle or end of the night), across at least two consecutive observation days; diurnal birds, 

individuals with nocturnal locomotor activity levels below 10 % per nocturnal period. From the 

six analysed individuals, three showed substantial nocturnal activity. Individuals in cage 2, 3 

and 4 showed more than 10% of Zugunruhe per nocturnal period, for more than two 

consecutive nights. Therefore, these individuals could be classified as “nocturnal”, while birds 

in cages 1, 5 and 6 could be classified as “diurnal”.  

In data published in 2003 [37], Zugunruhe in European quail was merely described as the 

display of flight attempts. On the contrary, after video and data analysis, “locomotor activity” 

was the only defined behavioural category/event that seemed to have a biological relevance 

in our study, agreeing with other previous studies on European quail [16, 28]. As reported in the 

“literature review” section, Zugunruhe in European quail is characterized by uninterrupted 

nocturnal activity for 4 to 6 hours immediately after twilight [37]. However, uninterrupted 

behaviour was rarely observed in the experimental individuals and birds always started 

nocturnal activity at different nocturnal periods, mainly during the middle or end of the night. 

Observed frequency of flight attempts, during the 14 day recordings, was very low. In this 

aspect, autumn nocturnal restlessness of the six European quail individuals differed from the 

described Zugunruhe of many passerine species, since migratory passerines’ nocturnal 

activity is mainly characterized by “wing-whirring”, jumping and hopping [13, 15, 24]. “Head/body 

movements” results showed that this category was not biologically relevant in the experimental 

birds, since values obtained were too randomly distributed. This category had been defined to 

discern “not active”/sleeping birds from individuals not showing “locomotor activity” but still 

awake. However, video recordings quality didn’t allow certainty in determining whether an 

individual was “not active” or actually performing “head/body movements”, thus rendering this 

category invalid in this experimental design, due to its subjectivity. The event “relocated” 
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seemed to be a good proxy for the “locomotor activity” that individuals performed during non-

observed minutes.  

Nocturnal activity observed during the end of the defined “End of the night” period, which has 

shown to be similar between “nocturnal” and “diurnal” birds (see actograms in appendix Fig 3), 

could reflect a sunrise anticipation [28]. Thus, it should not be considered as a Zugunruhe 

behaviour. Nocturnal activity during the 14 experimental days corresponded to previous 

reports of European quail autumn migration in the wild, which occurs from August to 

October/November [18, 37, 66]. The fact that three out of six individuals didn’t express a migratory 

phenotype might be due to three main reasons: the observation period (end of October to the 

beginning of November) might have been too late for the autumn migratory season, therefore, 

birds in cages 1, 5 and 6 could have displayed nocturnal restlessness during an earlier time in 

the season; the 14 observation day period might not have been long enough for all 

experimental individuals to start expressing a migratory phenotype; the individuals classified 

as “diurnal” are not migratory. All explanations could be plausible, however, inter-individual 

variability was already expected [16]. In agreement with this, the obtained repeatability results 

showed significant differences between individuals, in their amount of “locomotor activity” and 

a consistency within each individual for the referred behaviour.  

Methods applied in this experiment, such as video recordings on European quail nocturnal 

restlessness during autumn migratory season, were tested for the first time. Video recordings 

methodology, applied to single individuals’ monitoring with a concurrent descriptive analysis 

were very time consuming even with the implementation of the software Solomon. The use of 

passive infrared sensors, already tested in different experiments with European quail [16, 28], 

might be a more practical solution. However, information obtained might be limited to only 

locomotor activity measurement. Another possibility would be the visualization of more 

individuals per camera. This could allow a clearly reduced observation time, but would result 

in an increased complexity by the larger number of individuals observed.  

As reported by previously published studies [18, 28], the birds used for the second experiment 

(Experiment 2) showed marked increases in body mass and fat deposits, at least during the 

first 21 experimental days after being exposed to long days, to mimic spring migration. Based 

on data published by Derégnaucourt, Guyomarc et al. [28], it would be expected that body mass 

would continue to increase until reaching a stable plateau approximately 20 days after 

photoperiod change. Subsequent to the brief plateau of about another 20 days, a decrease in 

body mass would be expected by day 40. However, this data was still exploratory and not 

included in this report. 

Some birds reached greater body mass values than those reported in the mentioned literature 

[28], with some individual weighing more than 120 grams by day 21 of measurements. However, 
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the body mass increases (in absolute value) were similar to what is reported by previous 

literature in the Common quail [28]. The range of body mass increase obtained from the 

experimental individuals, from day 0 to day 21, was very variable (from 3 to 42 grams). This 

might be due to the inter-individual phenotypic variability, which was to be expected since it is 

well described in European quail individuals [16]. 

The body mass and the sum of fat scores were expected to be correlated, since the increase 

in body mass observed during spring migration is mainly due to body fat accumulation [18, 28]. 

Indeed, results obtained in this experimental procedure confirmed this assumption, since a 

correlation between the two terms was obtained (Table 8). The increase of body mass 

accompanied by fat accumulation during spring migratory season, is expected to be a good 

predictor of migratory disposition [6, 28, 37, 41]. In fact, simultaneously with parameters’ 

measurements, monitoring of nocturnal activity was being conducted in the experimental 

individuals. Nocturnal behaviour was being assessed via video recordings of the four pens in 

order to assess whether individuals with the biggest increase of body mass and fat score would 

be the first to express the migratory phenotype. However, data was still exploratory and more 

work needs to be done in order to understand whether this assumption is justified. 

To some extent, measurements of fat scores conducted [18] denoted some subjectivity. 

Therefore, perhaps measurements of the width of the lipid band [28] would have been more 

suitable in order to avoid this potential problem.  

The individuals used for both experimental procedures showed that the study population is a 

good model for the study of migration, since almost all individuals showed a migratory 

phenotype and a genetic background compatible with pure European quail. 
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Fig 3. Actograms with the percentage of “locomotor activity” per hour (left y-axis from 0-100%), during fourteen 
observation days. The top bar represents the defined periods with black and yellow colours corresponding to the 
nocturnal and the diurnal hours, respectively. The x-axis shows the time in hours and the right y-axis shows the 14 
observation days (day 1= 20-10-2016 to 21-10-2016; day 2=21-10-2016 to 22-10-2016; day 3 =22-10-2016 to 23-
10-2016; day 4=23-10-2016 to 24-10-2016; day 5=24-10-2016 to 25-10-2016; day 6=25-10-2016 to 26-10-2016; 
day 7=26-10-2016 to 27-10-2016; day 8=27-10-2016 to 28-10-2016; day 9=28-10-2016 to 29-10-2016; day 10=29-
10-2016 to 30-10-2016; day 11=30-10-2016 to 31-10-2016; day 12=31-10-2016 to 01-11-2016; day 13=01-11-2016 
to 02-11-2016; day 14=02-11-2016 to 03-11-2016). 
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Table 9. Natural photoperiod registered in Palermo (study area) from the 19th of October of 2016 to the 3rd of 
November of 2016 [67]. Sunrise and sunset times as well as corresponding civil twilight are represented. 

 

 

 

Date Sunrise Sunset Civil Twilight 

19.10.2017 07:19 18:23 06:53 18:50 

20.10.2017 07:20 18:22 06:54 18:48 

21.10.2017 07:21 18:20 06:55 18:47 

22.10.2017 07:22 18:19 06:56 18:46 

23.10.2017 07:23 18:18 06:57 18:45 

24.10.2017 07:24 18:17 06:58 18:43 

25.10.2017 07:25 18:15 06:59 18:42 

26.10.2017 07:27 18:14 06:59 18:41 

27.10.2017 07:28 18:13 07:00 18:40 

28.10.2017 07:29 18:12 07:01 18:39 

29.10.2017 07:30 18:10 07:02 18:38 

30.10.2017 06:31 17:09 06:03 17:37 

31.10.2017 06:32 17:08 06:04 17:35 

01.11.2017 06:33 17:07 06:05 17:34 

02.11.2017 06:34 17:06 06:06 17:33 

03.11.2017 06:35 17:05 06:07 17:32 


