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ABSTRACT 

 

On commercial duck farms, breeding females are provided with nest boxes on the ground 

in which to lay eggs.  However, ducks frequently lay their eggs on the shed floor, instead 

of in the boxes, a behaviour known as floor-laying.  In Australia, anecdotal evidence 

suggests that floor-eggs account for 20% of all eggs laid.  Floor-laid eggs represent a 

production loss to the industry due to their lower quality and hatchability.  Floor-laying may 

also have negative welfare implications for the birds that engage in the behaviour as 

ducks, in a natural setting, lay in nests.  The factors that contribute to ducks laying on the 

floor instead of in a nest box are not well understood.  The aim of the research reported in 

this thesis was to determine the importance of a nest site to laying Pekin ducks. 

 

An observational on-farm study identified differences in the pre-laying behaviour between 

some floor-laying and nest-laying ducks.  Twenty-four events of nest-laying and twenty-

four events of floor-laying were observed.  Within the floor-laying events, in 11 cases the 

duck used a nest box and experienced levels of aggression similarly to nest-laying ducks, 

but eventually laid on the floor.  In the other 13 floor-laying events, the ducks never 

interacted with a nest box, and experienced less aggression than the ducks attracted to a 

nest.  These results suggest that competition for nest boxes contributes to floor-laying, and 

that some ducks may not engage with nest boxes as a coping strategy to avoid aggressive 

encounters. 

 

A series of experiments was then designed to explore the motivation of ducks to lay in a 

nest box.  A behavioural demand test for ducks, using a push-door operant task, was 

developed and validated.  Ducks were shown to be capable of learning an operant task, 

with a 75% learning success rate.  The design of the door influenced their willingness to 

execute the operant task.  Social contact was shown to be an important resource to ducks. 

 

Using the validated behavioural demand test, the motivation of laying ducks to access an 

established nest site was tested.  Seven of 12 ducks were motivated to exert increasing 

work to access their nest, although individual variation in levels of motivation existed.  Five 

ducks completed all workloads and showed signs of stress, likely due to frustration, when 

they were prevented from accessing their nest.  In those ducks, the likelihood of stress-

induced hyperthermia (SIH) was significantly higher, as were the number of attempts at 



iii 
 

the door to the nest, compared with lower workloads.  The concentration of corticosterone 

in the egg albumen was not a useful indicator of stress.  These results suggest that ducks 

valued the nest box. 

 

The importance of nest substrate to laying ducks was determined using preference and 

behavioural demand tests.  Manipulatable substrates were preferred by laying ducks.  Six 

of 12 ducks were motivated to push the maximum required workload for their preferred 

substrate, even when a lesser preferred option was “free”.  When those birds were unable 

to access the nest with the preferred substrate, stress, likely due to frustration, was 

exhibited, indicated by the presence of SIH. Changes in several behaviours, such as 

interactions with the push-door, and rates of wing-flapping, pecking at the BDU and pacing 

were also seen.  The concentration of corticosterone in egg albumen again did not provide 

evidence of stress.  It was concluded that laying ducks prefer, and are motivated to lay in, 

a nest with manipulatable substrate. 

 

This work shows that laying Pekin ducks are generally very motivated to use a suitable 

nest site, although individual variation in motivation levels exists.  Highly motivated birds 

that cannot access a suitable nest show signs of stress, most likely due to frustrated 

nesting behaviour, suggesting that the nest resource is of importance to them.  Floor-

laying behaviour in this species cannot be fully explained by low nest-seeking motivation.  

Issues such as competition and nest design (e.g. nest substrate) must also be considered 

when developing strategies to mitigate floor-laying in Pekin ducks. 
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GENERAL INTRODUCTION 

 

 

 

 

Examples of nest-laid and floor-laid eggs in a commercial duck shed, Australia.   
Photos courtesy of I. Malecki. 
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Duck meat has become increasingly popular around the world, with the global annual 

production growing from just under 3 million tonnes in 2000, to almost 4.5 million tonnes in 

2017 (FAO, 2019).  Growth in the Australian duck industry has reflected the international 

trend, with the annual production of duck meat growing from 8,000 tonnes to just over 

17,000 tonnes in the same period (FAO, 2019).  The demand for duck meat is part of the 

international increase in the production of poultry meat, with poultry stocks increasing at 

around 3% per annum (FAO, 2013).  Poultry is a preferred option for meeting the protein 

requirements of the growing human population because of its wide acceptability across 

cultures, and the relatively improved production efficiency and lower greenhouse-gas-

emissions of poultry production compared to red meats (FAO, 2009). 

 

The production of duck meat requires fertilised eggs from parent breeder ducks.  An area 

of duck husbandry that has received little attention is the nesting requirements of the 

breeding females.  Breeding ducks in Australian production systems, as in most countries 

with large scale duck meat production, are housed primarily in intensive, open-barn 

systems, and nest boxes are placed on the floor for females to lay eggs in.  However, it is 

common for a sizable number of eggs to be laid on the shed floor, rather than in the nest 

boxes, a behaviour that is known as floor-laying.  Floor-laid eggs represent a production 

loss for the industry, as they are prone to contamination, breakages, cracking and 

decreased hatchability compared to nest-laid eggs (Appleby et al., 2004).  Engaging in this 

behaviour might also result in negative welfare outcomes for the birds, as egg-laying is 

hormonally regulated, and birds are usually strongly motivated to find a suitable nest site 

(Mench, 2009).  Floor-laying then might be the result of a bird not securing a suitable nest.  

The inability to adequately express a highly motivated behaviour (i.e. nesting) may result in 

negative emotions such as frustration (Mason & Bateson, 2009).  Research into the 

nesting behaviour of chickens in intensive production systems has demonstrated that 

inadequate provision of suitable nest sites can negatively impact the welfare of the hens 

(e.g. Duncan, 2001; Yue & Duncan, 2003).  Overall, the suitability of nesting sites provided 

for breeding female ducks may significantly impact both the production efficiency of the 

industry, and the welfare of the ducks themselves.  

 

Floor-laying behaviour in ducks is not well understood.  A small amount of research has 

investigated some factors of nest box use in Pekin ducks (Makagon & Mench, 2011; 

Makagon et al., 2011); however, much is still not understood about whether their nesting 

requirements are being met in commercial systems, and the relationship this might have 
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with floor-laying.  In chickens, floor-laying may still occur even when nest boxes are 

provided, indicating either that birds are not motivated to use the nest boxes, or they do 

not always find them suitable (Cooper & Appleby, 1996a).  The importance of a suitable 

nest to ducks and chickens has been demonstrated by showing that, even after floor-

laying was established due to nest box deprivation, birds of both species preferentially laid 

eggs in nest boxes once these were available (Makagon et al., 2011; Sherwin & Nicol, 

1993a).  In a behavioural demand test, laying hens showed their motivation for access to a 

nest by working progressively harder at an operant task (Cooper & Appleby, 1996b).  No 

such work has been undertaken in ducks. 

 

Nest usage can also be influenced by design features and social dynamics.  Nest design 

features can affect nest site decisions in ducks; how enclosed a nest box is has been 

highlighted as a major factor in duck nesting preferences (Makagon et al., 2011).  Another 

factor contributing to nest acceptability is the nesting substrate provided.  In chickens, the 

proportion of eggs laid in the nest was higher in boxes that were lined with artificial turf 

compared with plastic mesh (Guinebretière et al., 2012).  No work has addressed nesting 

substrate preferences in ducks.  Social factors, such as competition or gregariousness, 

may also have an effect, as floor-laying in chickens occurs even when well-designed nest 

boxes are provided (Cooper & Appleby, 1996a).  Some learning to use nest boxes may 

also occur, as the proportion of floor eggs peaks at 30-40% in early lay before stabilising at 

around 10% (Cherry & Morris, 2008).  Whether gregarious nesting or learning affects the 

incidence of floor-laying in ducks is not addressed further in the following research. 

 

The overall objective of the research that follows was to determine the importance of a 

nest site to laying Pekin ducks.  To do this, a series of studies was undertaken to explore 

whether differences exist in the pre-laying behaviour of floor versus nest-laying ducks, to 

investigate the motivation of laying Pekin ducks to use a nest site, and to explore how nest 

design features, such as substrate, might influence motivation.  The thesis commences 

with a literature review that provides background on the Australian duck industry and the 

issue of floor-laying in ducks and other poultry species.  Chapter 2 presents the findings 

from an on-farm observational study that investigated differences in the pre-laying 

behaviour of floor and nest-laying ducks.  Chapter 3 details the development of a 

behavioural demand method for ducks, which was then used in the next two experiments 

that investigated ducks’ motivation for nest use.  Chapter 4 reports a study that examined 

how hard ducks were willing to work to access their nest site, and the impact that denying 
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them access to the nest had on several physiological and behavioural indicators of stress 

and frustration.  Chapter 5 reports a study that first determined nest substrate preferences 

of ducks, and then assessed how motivated the ducks were to work for their preferred 

option in a behavioural demand test.  The physiological and behavioural response to the 

inability to access to their preferred nest was also tested.  The thesis concludes with a 

general discussion that includes a critical analysis of the results obtained and the 

methodology used, and the implications of the results for the future management of 

breeding female Pekin ducks. 
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1 LITERATURE REVIEW 

 

 

 

 

 

 

Breeder duck flock, Australia. 
Photo by L. Barrett 
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This literature review provides background information on the problem of floor-laying, with 

relevance to the Australian duck industry.  The specific aims of the review are thus: 

1. To provide a brief overview of the Australian duck industry, and the relevant production 

and welfare issues it faces. 

2. To examine the existing knowledge of nesting behaviour in Pekin ducks and other 

commercial poultry species, and the tools that may be used to assess nesting needs in 

these species. 

3. To highlight knowledge gaps of nesting behaviour and floor-laying in Pekin ducks and, 

based on these summations, outline the research direction of this thesis. 

 

1.1 The Australian duck industry in context 

 

Overview 

Between 2000 and 2017, meat production in the global duck industry increased from 2.9 

million tonnes to just over 4.4 million tonnes (FAO, 2019).  Although the Australian duck 

industry produces less than 0.5% of the duck meat that is consumed globally, Australian 

production reflected the international trends, more than doubling production from 8,000 

tonnes to 17,300 tonnes in the same time period (FAO, 2019).  Duck meat accounts for 

approximately 1.4% of Australia’s total annual poultry production (based on FAO data), 

with an estimated value of $100 million per year, with 5% per year growth (Poultry Hub, 

2019).  The industry is primarily driven by two large, vertically integrated, companies that 

are based in the Eastern states.  The integrated nature of these companies means that all 

aspects of the production process, from breeding through to processing, can be closely 

monitored.  This is advantageous, as it allows for the rapid adoption of improvements to 

production management systems where required (Michael, 2011).   

 

The Pekin breed is preferred for meat production in Australia, due mainly to its rapid 

growth rate compared to other breeds (Poultry Hub, 2019).  Muscovy ducks (Cairina 

moschata), or Pekin x Muscovy crosses (known as Mule ducks) are popular in other parts 

of the world for meat and foie-gras production.  Many Asian cultures also consume duck 

eggs.  In Australia, duck eggs are typically imported from Asian countries such as Thailand 

and Taiwan, as there is no significant dedicated producer of duck eggs (Poultry Hub, 

2019).  As the Pekin is the primary breed of choice for meat production in Australia, further 
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consideration will not be given in this review to the Muscovy or Mule breeds, or duck egg 

production. 

 

The domestic market is the primary focus for the Australian duck meat industry, with a 

2.85 kg bird at 42 days of age being the standard buyer expectation (Brown, 2010).  The 

competitive price-point of duck compared with beef and lamb, and the recent introduction 

of convenient cooked and ready-to-cook cuts has contributed to the growth of the domestic 

market in recent years (Scott et al., 2009).  Australia’s proximity to the large Asian markets 

makes the establishment of international exports a desirable goal.  Although Asia is the 

largest producer of duck meat, it is also at greater risk of disease outbreaks that can affect 

market supply (Brown, 2010).  A small ($2 million) export market from Australia to Asia 

and the Middle East exists (Poultry Hub, 2019), and there is potential for growth into these 

areas that is as yet unrealised. 

 

In Australian production systems, ducks are housed primarily in intensive, open-barn 

systems using either sheds that are side-curtained, or traditional enclosed chicken broiler 

sheds.  Meat birds (broilers) are transported from the hatchery to rearing sheds on the day 

of hatching, where they are grown until slaughter.  Breeding birds are reared post-hatch for 

18-21 weeks, when they are then transported to the laying sheds.  Egg production starts at 

around 24 weeks of age, with peak laying at 32 weeks of age, when flock egg production 

is 88-92% (Brown, 2010).  The laying cycle lasts for 40-45 weeks, with overall hatchability 

being 80-85% of 200-220 eggs per bird (Brown, 2010).  Australian systems currently use 

banks of open nest boxes laid on the shed floor, with both boxes and floor usually lined 

with sawdust or wood chips (Figure 1.1).  Eggs, whether laid in the nest boxes or on the 

floor, are manually collected daily and transported to the producer’s hatchery for 

incubation.   

 

Intensive poultry production systems, such as those used within the Australian duck 

industry, are predicted to contribute most of the future global growth in poultry production 

(FAO, 2009).  Whilst these systems have already allowed for significant expansion of this 

agricultural sector, they have also drawn widespread censure for the negative impacts 

such systems have on the welfare of the animals living in them.  In most developed 

nations, there is animal welfare legislation in place, with additional minimum standards that 

outline best practice principles for poultry production.  In Australia, there is no federal 

animal welfare act that producers are required to follow; each state is responsible for its 
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Figure 1.1:  A typical breeder duck shed in Australia.  The top photo shows the over-all shed layout, with 

nest boxes visible along the wall.  The bottom photo shows detail of the typical nest box design, with sawdust 

substrate visible in the box and on the shed floor.  Photos courtesy of I. Malecki.  
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own animal welfare legislation (Blache & Maloney, 2009).  Model codes of practice for 

poultry production have been developed by the federal Department of Agriculture, which 

are then adopted and modified as needed by individual states.  For the duck industry, the 

primary code of reference is the 4th edition of the Model Code for Domestic Poultry 

(Anonymous, 2002).  The main body of this code is written with reference to the much 

larger chicken industry, with specific requirements for ducks being referred to in an 

appendix.  It is the intention of the Australian government’s Animal Welfare Task Group to 

replace the existing Model Code with national standards and guidelines for poultry welfare 

review (Anonymous, 2018).  However, it is not yet clear whether more comprehensive 

standards or guidelines for ducks will be developed. 

 

Issues of production and animal welfare 

Animal industries often face conflicting priorities between efficient, economic production 

and provision of high welfare standards (Dawkins, 2017), and the Australian duck industry 

is no exception.  Most production or animal welfare issues cannot be separated into strictly 

one or the other as the two parameters are often inextricably linked.  Common issues are 

outlined below, with reference to problems unique to Australia where appropriate.  As 

Australia does not contribute to the production of foie-gras, practice beak-trimming, or 

undertake live plucking of down feathers, these will not be considered further. 

 

Australia’s warm climate poses some challenges for the industry compared to producer 

countries with more temperate climates.  Heat stress due to high summer temperatures 

results in lowered feed conversion efficiencies, meaning that birds require an extra 4-5 

days on farm to reach market weight (Downing, 2010).  Feed conversion ratios for ducks 

are higher than for broiler chickens, so any additional feed requirements for duck 

producers results in further negative economic impact (Downing, 2010).  Heat stress also 

impacts egg production in chickens and ducks, resulting in fewer eggs of lower quality 

being laid (Lara & Rostagno, 2013; Ma et al., 2014).  Significant mortalities can also occur 

during severe hot weather events (Pepe’s Ducks Ltd, personal communication), which is 

both a welfare and economic issue.  In one report on broiler chickens, losses of 15.4% 

were incurred due to heat stress during a summer (Kapetanov et al., 2015).  Increased 

mortality due to heat stress is also seen during transportation of broiler chickens, with a 

6.6-fold increase in mortality seen in temperatures over 23ºC compared with those under 

17ºC (Warriss et al., 2005).  Although Pekin ducks are the primary meat breed throughout 

the world, they are known to be less resistant to heat stress than other breeds, such as the 
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Muscovy (Zeng et al., 2014).  Research addressing production performance and 

management strategies for ducks under heat stress in Australian conditions is currently 

lacking. 

 

A major area of contention for the global industry is the provision of open water sources for 

ducks.  In 2013, the Australian industry was targeted in a campaign by animal protection 

organisations (Animal Liberation, 2013), and celebrity chef Jaimie Oliver has recently 

drawn attention to the issue in the UK (RSPCA, 2017).  Benefits of open water access for 

ducks include better body and feather maintenance, and the ability to better express their 

natural wet-preening behaviour (Jones et al., 2009; O'Driscoll & Broom, 2012).  However, 

the provision of open water resources has associated challenges, including the 

maintenance of both litter (O’Driscoll & Broom, 2011) and water quality (Liste et al., 2013).  

Poor litter conditions can have negative welfare consequences for ducks, such as 

increased foot problems due to inferior litter quality (Jones & Dawkins, 2010a), and 

increased risk of microbial contamination can result from poor water quality within the 

resources (Liste et al., 2013).  Water quality is also associated with ducks’ willingness to 

use the resource, with dirtier water being less utilised (Liste et al., 2012).  The efficient, 

economical and environmentally sound provision of the water source also poses some 

issues (Liste et al., 2013; Rodenburg et al., 2005).  Under the current Model Code of 

Practice, producers are required only to provide adequate drinking water (Anonymous, 

2002) and the use of open water resources for ducks has not been initiated in any state 

code of practice.  It is not clear at this stage whether open water provision for ducks will be 

reassessed during the development of the national standards and guidelines for poultry 

welfare. 

 

Like their broiler chicken counterparts, the highly selected strains of meat-producing ducks 

are at risk of lameness due to conformational changes that have occurred during the 

selection process.  Maximising growth rates and continued targeting of preferred 

production traits, such as breast meat yield, may have negative welfare costs in the form 

of gait abnormalities.  The culling of affected birds results in product loss for the producer 

(Makagon et al., 2015), although it is difficult to judge the economic significance of this 

loss, as the scale of the problem is not well defined in either the chicken or duck industries 

(Duggan et al., 2016). 
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Feed restriction is another welfare issue shared by breeder ducks and chickens. Female 

breeder birds are feed-restricted during the rearing phase to control bodyweight gain and 

reduce excessive ovulation (Hocking, 2009).  Ad-lib fed birds ovulate multiple mature 

follicles each day, leading to more yolks in the body cavity rather than the oviduct, and 

more malformed eggs.  The result of ad lib feeding is fewer eggs of poorer hatchability, 

and increased mortality (Hocking, 2009).  Feed -restricted birds demonstrate behaviours 

consistent with hunger, such as increased foraging, drinking, and pecking, with 

consequently less time resting (Hocking, 2009).  Strategies to mitigate hunger, such as 

adjusting ratios of dietary components (e.g. high fibre / low protein diets) have been trialled 

in chickens without widespread success to date (Hocking, 2009).  There are no reports of 

similar dietary trials to improve welfare outcomes in feed-restricted ducks. 

 

The transport and slaughter of ducks is relatively efficient in the Australian industry, due to 

its vertical integration.  Transportation times from farm to abattoir are typically less than 2 

hours.  Although no studies exist on transport mortalities for the Australian industry, 

international data indicates that ducks are less susceptible to transport-related mortality 

than chickens, and transport distances less than 300 km have lower mortality rates than 

distances exceeding 300 km (Voslářová et al., 2007).  Electrical stunning via a water bath, 

followed by bleeding out is the slaughter method used.  Gas-stunning (also known as 

controlled atmosphere stunning) and mechanical (captive bolt) stunning are not 

undertaken for ducks in Australia.  While some information exists on how slaughter 

methods affect product quality (Fernandez et al., 2010), welfare aspects of stunning 

methods have not been investigated in this species. 

 

Additional challenges for the Australian industry are the reliance on imported genetics and 

the dearth of research that is specific to Australian conditions (Downing, 2010).  The use of 

imported genetics is considered a constraint because the market requirements are 

different in Australia than in the markets where the imported strains were developed 

(Downing 2010), meaning it is harder for producers to achieve their finishing weight and 

age targets.  The body of research on duck production comes primarily from Europe, 

where differences in climate and housing type limit its relevance to the Australian industry 

(Downing, 2010). 

 

One significant issue for the industry is the behaviour known as floor-laying.  This occurs 

when female breeding ducks lay eggs onto the shed floor, outside of the provided nest 
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boxes.  Floor-laying is undesirable, as floor eggs are prone to increased cracking, 

contamination, and decreased hatchability, thus reducing the overall production efficiency 

of a farm (Appleby et al., 2004).  A recent study of chicken eggs demonstrated that 

hatchability averages 76% for floor eggs versus 91% for nest eggs (Van Den Brand et al., 

2016).  Floor-laying in ducks may be as high as 30-40% in the early stages of a young 

flocks’ first laying cycle, before decreasing and stabilising at around 10% (Cherry & Morris, 

2008).  In Australia, it is estimated that floor eggs account for 20% of egg production (Luv-

a-Duck, personal communication).  To date, a full economic analysis of the cost of floor 

eggs to the industry has not been undertaken.  

 

Floor-laying in ducks is not well understood, with only a few studies investigating the 

problem to date (Makagon, 2010; Makagon & Mench, 2011; Makagon et al., 2011).  The 

behaviour is also seen in other poultry species, such as chickens (Cooper & Appleby, 

1996a) and quail (Schmid & Wechsler, 1998), and a large body of work now exists that 

has increased understanding of the contributing factors in chickens (e.g. Cooper & 

Appleby, 1995; Guesdon & Faure, 2004; Guinebretière et al., 2012; Hunniford & Widowski, 

2016; Wall, 2011).  It is not clear from existing literature if there are negative 

consequences for floor-laying ducks.  Egg-laying is hormonally regulated and results in a 

strong pre-laying motivation to find an appropriate nest site (Mench, 2009).  If a bird is 

unable to adequately perform such behaviour, stress and negative emotions, such as 

frustration, may occur (Mason & Bateson, 2009).   

 

An inability to express normal nesting behaviour has been considered as the greatest 

cause of frustration in conventional-caged hens (Duncan, 2001).  Frustration is considered 

to be a transient affect that occurs when a formerly rewarded response to a cue is no 

longer rewarded (Amsel, 1992, cited by Papini et al., 2019), and is recognised as being an 

aversive emotional state (Mason & Burn, 2011).  Improvements to animal welfare require 

both the mitigation of negative experiences, and the promotion of positive ones (Mellor, 

2015a).  The fulfilment of active, goal-directed behaviours (such as deciding which nest to 

use) is considered to result in a positive affective state, while failing to achieve the goal 

may result in frustration (Mellor, 2015b).  Thus, the provision of suitable nests to laying 

hens has been decreed as a minimum husbandry requirement for all housing systems by 

the European Union (Council of the European Union, 1999).  Whether farmed ducks 

experience frustration when they are unable to lay in a suitable nest site has not been 

explored.  
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With the context of the Australian duck industry and its issues outlined, floor-laying will 

now be explored in greater detail.  A brief reflection on the importance of nesting behaviour 

is given, followed by consideration of the nesting behaviour of the Mallard duck, the 

Pekin’s progenitor, as this may inform our understanding of Pekin nesting behaviour.  This 

is then followed by current knowledge of floor-laying in Pekin ducks, and an overview of 

factors that have been found to contribute to floor-laying in other poultry species. 

 

1.2 Focus on floor-laying: understanding nesting needs in 
Pekin ducks 

 

The performance of nesting behaviour in birds (and other nest-building species, e.g. pigs) 

is considered to be a behavioural need for these animals because the motivation to 

perform it is driven largely by internal rather than external factors (Mason & Burn, 2011).  

The evolution of a strong internal control system is understandable when considering that 

the function of a nest is to aid an animal’s fitness, by providing protection for offspring 

(Widowski, 2015).  The expression of nesting behaviour in birds is thus hormonally 

regulated and occurs approximately 24 hours after the event that initiates it: ovulation and 

the subsequent release of oestrogen and progesterone from post-ovulatory follicles 

(Appleby et al., 2004).  This strong motivation to engage in nesting behaviour suggests 

that a bird that cannot lay in a suitable nest site may suffer psychologically and therefore 

be subject to poorer welfare.  Evidence in chickens supports the contention that a lack of 

access to a suitable nest results in frustration.  In hens that habitually floor-laid even when 

nest boxes were available, the proportion of floor eggs was positively correlated with 

behaviours indicative of frustration (Cooper & Appleby, 1996a).  Hens that were removed 

from their nest and not allowed to return, vocalised more, attempted to escape more often, 

and showed more pacing and displacement preening than when they were allowed access 

to the nest (Zimmerman et al., 2000).  With an understanding of the significance of nesting 

behaviour to birds in general, attention is now focused on better understanding the nesting 

needs of the Pekin duck. 

 

Nesting behaviour of the Mallard (Anas platyrhynchos), progenitor of the Pekin 

The Pekin duck was domesticated from the wild Mallard duck (Cherry & Morris, 2008), a 

lineage that recent genetic studies have confirmed (Qu et al., 2009).  Domesticated 
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species retain the wild-type behaviours and their associated motor patterns, although there 

may be quantitative differences in the expression between the two groups (Price, 1984).  

Thus, understanding the nesting behaviour of Mallard ducks could help us to understand 

the nesting decisions of Pekin ducks.  

 

Mallard females typically nest individually, with an average clutch size of nine eggs (Arnold 

et al., 2010).  The distance between nests averages 2.7 – 114 m, depending on the year, 

nesting habitat, and stage of breeding season (Lokemoen et al., 1984; Ringelman et al., 

2014).  However, at peak breeding activity, nests may be as close as 0.3 m (Lokemoen et 

al., 1984).  Nest density has been the subject of debate, with some concluding that high 

nest density results in poorer egg survivability due to the increased risk of predation 

(Elmberg et al., 2009).  Conversely, recent work has challenged this traditional thinking 

about high nest density and predation risk, suggesting that nests in high density areas are 

more likely to be successful (Ringelman et al., 2014).   

 

Mallards engage in several strategies that result in nest protection.  The density of 

vegetation cover is a key factor in nest-site selection by females (Lokemon et al., 1984; 

Ringelman et al., 2014), with nests usually being concentrated in areas with the thickest 

vegetation.  It is thought that selecting nest sites with high vegetation cover is a strategy 

that reduces both predation risk and conspecific interference (Lokemon et al., 1984).  

Females also cover their clutches with nesting material, such as feathers and dead grass, 

a behaviour that reduces predation risk during periods of parental absence (Kreisinger & 

Albrecht, 2008). 

 

Mallards also show a marked propensity for nest re-establishment; for example, after 

destruction due to predation.  Females have been observed to re-nest multiple times (often 

more than three) in a single breeding season (Arnold et al., 2010).  Replacement nests are 

established on average in 3.5 days, with the re-nesting interval (defined as the onset of 

laying eggs in a new nest after destruction of a previous one) being 5.5 days (Arnold et al., 

2010).  Initial re-nesting efforts appear to occur close to the original nest, retaining similar 

habitat features, but further efforts may vary in distance and habitat type to the original (J. 

Sheppard, personal communication).  Such efforts to re-establish nests and attempt to 

retain features of the original nest suggests that Mallard females are highly motivated to 

express nesting behaviour and lay eggs in what they consider to be a suitable nest site. 
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Conspecific brood parasitism (CBP) is when one female lays eggs in the nest of another, 

with the host female going on to incubate and rear the offspring.  CBP occurs more often 

in species that nest in high densities on the ground (Beauchamp, 1997; Kreisinger et al., 

2010), and is a recognised strategy that Mallards engage in to improve reproductive 

success (Kresinger et al., 2010).  Estimates of the occurrence of CBP in Mallards based 

on observation was 0-10%; however, recent genetic analyses indicate that up 24% of 

Mallard nests may be subject to CBP (Kreisinger et al., 2010).  The accessibility and 

relative detectability of potential host nests is thought to be a proximate cause of CBP 

(Beauchamp, 1997). 

 

With an understanding of Mallard nesting behaviour in place, a summary of the current 

understanding of floor-laying is provided.  Comparisons of knowledge between ducks and 

other poultry species are outlined, and gaps in current knowledge of ducks are highlighted.   

 

Factors affecting floor-laying and nesting behaviour of the Pekin duck and other 

poultry species 

In studies conducted outside Australia, floor-laying can be as high as 30-40% of eggs in 

young ducks, before gradually stabilising at approximately 10% as the ducks mature 

(Cherry & Morris, 2008).  Australian producers anecdotally report similar patterns, although 

the rate in mature birds is thought to be higher, at around 20% (Luv-a-Duck, personal 

communication).  This pattern has also been found experimentally, with maximal numbers 

of floor eggs occurring in the early laying period before decreasing to 10-25 % as egg 

production rate increased (Makagon & Mench, 2011).  Although 45% of individual ducks 

laid all of their eggs in nest boxes, the remaining 55% floor-laid at least once during the 

experimental period.  The authors also identified that 5% of ducks were persistent floor-

layers (birds that laid 70% or more of their eggs on the floor).   

 

The literature on the nesting behaviour of Pekin ducks is scant; only two papers have been 

published that specifically address nest choice and the incidence of floor-laying in this 

species (Makagon & Mench, 2011; Makagon et al., 2011).  In other poultry species, floor-

laying may still occur even when nest boxes are provided, indicating that birds do not 

always find the nest boxes suitable (Cooper & Appleby, 1996a).  Poor nest acceptability or 

the inability to access nests when motivated to do so will result in thwarted nesting 

behaviour in birds that prefer to nest-lay.  The consequences of thwarted nesting 

behaviour may include floor-laying (Lundberg & Keeling, 1999), frustration (Yue & Duncan, 
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2003), and decreased productivity due to the effects of stress on egg viability (Schmidt et 

al., 2009).  Several factors have been found to influence the use of nest boxes by poultry 

species, including ducks.  Of these, social factors such as competition and 

gregariousness, and elements of nest design are perhaps most significant, with other 

factors such as experience and genetics also contributing in some species.  An overview 

of the current knowledge of these issues is presented below. 

 

Social factors 

Competition for nest boxes may be a contributing factor to floor-laying in ducks, because 

the egg-laying cycle is internally regulated and nesting behaviour probably occurs within a 

narrow timeframe (Makagon & Mench, 2011) (Johnson, 2000).  An experiment using 16 

groups of eight ducks explored the effect of the ratio of nest boxes to ducks, where half of 

the groups were housed with two boxes per pen (4:1 ratio), and half had eight boxes pen 

(1:1 ratio; Makagon & Mench, 2011).  The proportion of eggs that were laid on the floor 

was higher when the duck: nest box ratio was 4:1 compared to when it was 1:1, supporting 

the theory of competition (Makagon & Mench, 2011).  During peak demand for nest boxes, 

birds that are unsuccessful in securing a nest box may be forced to floor-lay (Makagon & 

Mench, 2011), which may be a negative experience for individuals who prefer to use a 

nest box.   

 

Competition for preferred nest sites is thought to be the reason behind increased levels of 

aggression in egg-laying chickens.  In a non-cage system, hens nesting in high demand 

areas received more aggressive pecks compared with non-nesting birds (Lundberg & 

Keeling, 1999).  Time spent in the nest was also associated with the number of pecks 

given or received; birds that received more pecks while nesting spent less time at the nest, 

and birds that gave more pecks spent more time on the nest (Lundberg & Keeling, 1999).  

In a cage system, the incidence of floor eggs was lower in smaller groups (Wall, 2011), 

suggesting that hens were more successful at securing the nest area when there were 

fewer birds competing for the nest area.  The highest level of agonistic behaviour in the 

nest area was associated with peak laying time (Hunniford et al., 2014), further supporting 

the association between competition for nests and aggression.  However, agonistic 

interactions were also found to be highest in small groups of hens that had a relatively 

smaller cage space allowance (Hunniford et al., 2014), indicating that displays of 

aggression may occur due to an interaction of several variables, rather than just a direct 

correlation with group size.  One suggestion is that smaller groups use different social 
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strategies to secure a nest site, as their hierarchy may be more stable than larger groups 

where perhaps all individuals are not well known to each other (Hunniford et al., 2014).  To 

date, no literature exists on whether competition for nest boxes results in agonistic 

behaviour in ducks. 

 

The relationship between the social hierarchy of a flock and the competition for nest sites 

is not clear.  Dominant birds would be expected to have priority access to preferred nests 

(Freire et al., 1998), and studies of pre-laying aggression indicate that dominant birds 

initiated more aggression while subordinate birds received more aggression and were 

displaced from the nest more often (Freire et al., 1998).  However, in floor-housed hens, 

social status had no effect on the choice of nest sites (Rietveld-Piepers et al., 1985; 

Ringgenberg et al., 2015a) or the incidence of floor-laying (Rietveld-Piepers et al., 1985).  

This may be due to dominant and subordinate birds adopting different strategies to 

optimise their chances of being able to use preferred sites.  For example, dominant hens 

tended to stay near the nest prior to oviposition (Freire et al., 1998), while subordinate 

hens showed increased searching behaviour (Freire et al., 1998; Ringgenberg et al., 

2015a) and delayed the time of egg-laying relative to dominant hens (Ringgenberg et al., 

2015a).  In contrast, the social hierarchy was related to the use of nest sites in a tiered 

nesting system, with lower ranked birds using the upper tier of nest boxes more than 

higher ranked birds (Appleby et al., 1983).  These authors proposed that social 

interference may affect a bird’s preference for nest site conservatism; although birds did 

not often lay in the same nest box, they typically laid within the same tier, suggesting they 

were trying to lay as close as possible to their preferred site.  The relationship between 

social hierarchy and nest access has not yet been investigated in ducks. 

 

Pekin ducks exhibit gregarious nesting behaviour (Makagon, 2010).  Gregarious nesting is 

defined as a bird choosing an occupied nest in preference to an unoccupied nest (Riber, 

2012).  In one study of Pekin ducks, eight groups of eight ducks were observed at four 

time points over a 12-week period for the frequency and prevalence of gregarious nest 

entries (Makagon, 2010).  Half of the groups had two nest boxes per pen (4:1 nest box to 

duck ration), and the other half had eight boxes per pen (1:1 nest box to duck ratio).  Visits 

to nest boxes occupied by one other duck accounted for 46.7% of nest visits, followed by 

43.2% visits to vacant boxes.  The number of gregarious nest visits was higher in pens 

with two boxes compared to pens with eight boxes (Makagon, 2010).   
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Gregarious nesting behaviour may be used as a cue for resource quality when an animal 

has difficulty choosing between several options, as in multiple nest boxes with similar 

features (Makagon, 2010).  Gregarious behaviour is a possible explanation for egg 

clumping (multiple eggs laid at one site), and might also be explained by group housed 

ducks using different nest selection strategies compared with ducks housed individually.  

Such strategies may be a response to social facilitation (Makagon & Mench, 2011), or may 

be a form of the conspecific brood parasitism seen in Mallards (Makagon, 2010).  Like 

floor-laying, egg clumping is regarded as undesirable in the commercial setting due to the 

resultant egg damage. 

 

Gregariousness can also influence nest site selection in chickens.  Domestic hens 

preferred to lay eggs near their flockmates rather than in isolation (Appleby et al., 1984a), 

an observation that casts doubt on the previous assumption that intensively housed 

domestic hens prefer to nest in isolation, as their wild progenitors do.  Gregarious nesting 

exists in domestic strains of hens kept under semi-natural conditions, suggesting that this 

type of nesting behaviour has a genetic predisposition and is not due only to the 

environmental restrictions of commercial production systems (Riber, 2012).  

Gregariousness is also related to age and nest site; hens display more gregarious nesting 

when they are younger (Kite et al., 1980; Riber, 2010) and for preferred nest box positions 

(Riber, 2010).  The propensity for a bird to exhibit gregarious nesting also differs between 

individuals, with some hens being identified as solitary nesters (Kite et al., 1980; Sherwin 

& Nicol, 1993a).  Such individuals did not enter occupied nest boxes and prevented the 

entry of other birds into the nest when in situ (Kite et al., 1980). 

 

Nest design 

Many individual components may contribute to making a nest site attractive to a bird.  Nest 

box design is therefore an important consideration when looking for strategies to mitigate 

floor-laying.  Concealment, substrate, and nest position all apparently influence nest site 

decisions in poultry. 

 

Individually housed Pekin ducks showed a strong preference for nest boxes that offered a 

high degree of enclosure (Makagon et al., 2011); a behaviour consistent with that of 

Mallards.  In a preference test on 24 ducks, more than 66% of eggs were laid in nest 

boxes that were closed (three walls plus a roof) rather than open (three walls only).  

Increasing levels of enclosure, through the provision of entrance curtains to an enclosed 
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box, appeared to increase the attractiveness of a nest; a second experiment using 24 

ducks found half of all eggs laid in a closed box with a curtain, and a further 23% in the 

original closed box design, while open box options had just 13% of eggs laid in them 

(Makagon et al., 2011).  In contrast, group-housed ducks did not show a strong preference 

for the increased levels of nest box concealment (Makagon & Mench, 2011).  The different 

preferences for concealment may again reflect different nest selection strategies between 

group and individually housed birds. 

 

The level of concealment that a nest box offers also affects the attractiveness of a nest in 

both chickens (Appleby & McRae, 1986) and quail (Schmid & Wechsler, 1998), although, 

in chickens, there are limits on the effect of increasing levels of concealment on box use.  

Chickens showed general preference for enclosed rather than open nest designs, but were 

equivocal in their preference between varying levels of enclosure (Appleby & McRae, 

1986).  A similar limit of effect was also found when partitions were added to group nests 

that enhanced concealment.  A partitioned nest was initially preferred by hens over the 

original design, but when the two nest positions were swapped, hens continued to lay in 

the same location rather than moving with the partitioned nest, suggesting that the original 

design still offered an adequate level of concealment that did not warrant the birds 

relocating their nest site (Ringgenberg et al., 2015a).  These findings contrast work with 

ducks, where increasing levels of enclosure increased the salience of the nest box, with 

twice the expected proportion of eggs being laid in the most enclosed nest (Makagon et 

al., 2011).  Thus, it appears that species differences may exist for the preferred level of 

nest enclosure, a factor that should be considered in future nest designs for ducks. 

 

Nesting substrates that can be manipulated are typically preferred by chickens that are 

about to lay.  Materials such as oat husks or straw were preferred by chickens over 

synthetic grass and plastic or wire mesh (Huber et al., 1985), and the preference for such 

materials has been identified in other studies, both in chickens (Kite et al., 1980; Rietveld-

Piepers et al., 1985) and quail (Schmid & Wechsler, 1998).  If offered only synthetic grass 

or plastic mesh, synthetic grass was the preferred option (Guinebretière et al., 2012), 

although synthetic grass may not have met the nesting needs of the birds, as it cannot be 

manipulated.  However, other work showed that loose material to build a nest may not be 

essential to hens, as long as they can perform nest-building behaviour (Duncan & Kite, 

1989).  There are no reported studies that have examined the nest substrate preferences 

of Pekin ducks. 
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The distribution of eggs laid in an array of similar nest boxes is not always equal, with birds 

showing positional preferences for certain nest boxes.  Such preference for certain nest 

positions often leads to egg-clumping, which is also undesirable due to increased numbers 

of damaged eggs and potential negative welfare consequences for the hens (Clausen & 

Riber, 2012).  Chicken and quail preferentially use corner nests or nests at row ends over 

central nests (Clausen & Riber, 2012; Riber & Nielsen, 2013; Ringgenberg et al., 2015b; 

Schmid & Wechsler, 1998).  While positional nest preferences have never been reported 

in ducks, anecdotal evidence indicates that egg-clumping due to unequal nest box use is a 

frequent occurrence (M. Brummelmann, personal communication).  Whether better 

utilisation of nests can be achieved through increased heterogeneity of nest boxes has 

been the subject of several studies.  In chickens, providing variations of nest substrate 

(Clausen & Riber, 2012), nest colour (Huber-Eicher, 2004), and the appearance of nest 

curtains (Ringgenberg et al., 2015b) have all been trialled.  Individually housed ducks were 

more inclined to lay eggs in a nest box that already contained an egg, leading to the 

proposition that such cues could be used on farm to increase the consistency of nest box 

use (Makagon et al., 2011).  In Australia, some farmers are reported to have successfully 

lowered their floor-laying rates by placing floor-laid eggs in the nest boxes, to train the 

ducks to use nest boxes in the early part of a new laying cycle (G. McLachlan, Pepe’s 

Ducks Ltd, personal communication).  Despite these initial investigations, there are no 

published reports of poultry producers successfully using cues such as nest colour or the 

presence of eggs in nests to mitigate floor-laying in their flocks.  

 

Other factors 

Pekin ducks seem to have a strong tendency to maintain a preferred nesting location when 

possible.  In two of the experiments conducted by Makagon et al. (2011), the average 

proportion of eggs laid in a specific location by individual birds ranged from 0.62 to 0.8.  

Ducks were found to change locations infrequently, with the average number of location 

changes being between 1.6-2.8 times during the two-week experimental periods.  The 

ability to return repeatedly to a specific egg-laying location appears to be related to 

competition for nest sites, as location consistency was lower in ducks that were housed 

with a nest box ratio of 1 box: 4 birds than a ratio of 1:1 (Makagon & Mench, 2011).   

 

Similar findings of nest conservatism have been reported in chickens, with most hens 

laying more than 80% of their eggs in one nest site when they are housed in small groups 
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(Sherwin & Nicol, 1992).  Social factors also appear to affect a hen’s ability to maintain a 

specific nest, as nest conservatism was lower (30%) in group housed hens (Appleby et al., 

1983) than in individually housed hens (51%) (Appleby & McRae, 1986). 

 

Nest box use in Pekin ducks does not appear to be influenced by early nest box 

experience (Makagon et al., 2011).  Typically, ducks would be introduced to nest boxes at 

around 18 weeks of age, just prior to the onset of laying (M. Brummelmann, personal 

communication).  In a study that examined the effect of delaying nest box experience in 

newly laying ducks, 12 ducks were provided access to nest boxes from 20 weeks of age 

(two weeks prior to predicted onset of lay), and 12 ducks were kept without nest boxes 

until 35 weeks of age (when floor-laying was thus well-established (Makagon et al., 2011).  

The deprived ducks did not differ in their frequency of nest box use once these were 

available, when compared to experienced birds (Makagon et al., 2011).  Based on this 

finding, it seems that Pekins have retained a strong motivation for concealed nest sites, 

and the age that they first experience a nest box is unlikely to be a significant contributory 

factor to floor-laying.    

 

The effect of early nest box exposure in chickens is less clear.  Early exposure to nest 

boxes resulted in decreased floor eggs in the subsequent laying period in chickens 

(Sherwin & Nicol, 1993a).  Early studies on nesting behaviour also suggested that early 

exposure to nests was important, as established floor-laying was difficult to reverse (Kite et 

al., 1980), but this relationship has not always been demonstrated (Appleby & McRae, 

1986).  In fact, the opportunity for young hens to learn perching behaviour, which often 

then provides them with nest box access, may be more of a contributing factor than the 

age at which they first experience a nest box (Appleby et al., 1983; Kite et al., 1980). 

 

Floor-laying behaviour in chickens has been shown to be a heritable trait (McGibbon, 

1976).  Since that work, other authors have confirmed the effect of genetics on the 

tendency of hens to use nest boxes.  Different strains of hens show differing patterns of 

distribution and resource use within a housing system (Ali et al., 2016), and nest site 

selection appears to be influenced by interactions of genetics and environmental factors 

(McGibbon, 1976).  In furnished cage systems, nest use was better in brown strains 

compared with white strains in larger groups, but equal between strains in smaller groups 

(Wall, 2011).  In a floor-housing system, Lohmann Brown hens laid more floor eggs than 

two strains of white hens (Singh et al., 2009), providing further evidence for the interaction 
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between strain and environmental effects.  To date, no studies have investigated whether 

there is a genetic component to floor-laying behaviour in Pekin ducks. 

 

It is clear from the above evidence that floor-laying is a multifactorial problem, and that any 

attempt to increase the use of nest boxes in laying poultry requires attention to several 

factors.  Careful assessment of these factors is required to better understand how those 

factors interact and how they can be manipulated to mitigate floor-laying behaviour.  The 

tools that are available for assessing nesting behaviour in poultry is thus the subject of the 

next section. 

 

1.3 Tools for assessing nesting needs 

 

Understanding the factors that affect a bird’s motivation to use nest boxes will be key to 

developing management tools for floor-laying.  Thus, animal-centred behavioural and 

physiological indicators are the most appropriate means of gathering information about this 

issue.  Attention is now turned towards a brief review of some methods that might be 

useful, and how they have been applied to address similar problems in ducks and other 

species.   

 

Behavioural observations are a non-invasive method that can provide insights into the 

needs, preferences, and internal states of animals (Olsson et al., 2011).  Observational 

studies have provided fundamental insights into the nesting behaviour of birds.  With 

specific reference to poultry, the pattern of pre-laying behaviour in domesticated chickens 

was first elucidated by Wood‐Gush and Gilbert (1969).  Since then, observational studies 

have been used to quantify a variety of nesting-associated behaviours, such as nest-box 

use (Struelens et al., 2008), nest-associated aggression (Hunniford et al., 2014), and 

frustration due to poor nest acceptability or the inability to use a nest (Yue & Duncan, 

2003). 

 

Given that nesting behaviours have a strong internal drive and can be considered a 

behavioural need (Mason & Burn, 2011), demonstrating just how willing a bird is to use a 

suitable nest site can be an indication of the importance of a nest to that bird.  A 

behavioural demand test is one tool that can be used to assess the motivation of an 

animal to obtain a resource.  The premise of the behavioural demand test is that the cost 
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(as determined by the amount of energy, effort, or time required) that an animal is willing to 

pay to access a resource can be measured; the higher the cost incurred, the more 

motivated an individual is for that resource (Fraser & Nicol, 2011).  After the introduction of 

behavioural demand in the early 1980s (Dawkins, 1983), debate has ensued about how 

best to utilise, interpret, and apply the findings of such methods (Franks, 2019; Houston, 

1997; Jensen & Pedersen, 2008; Kirkden et al., 2003; Kirkden & Pajor, 2006; Mason et al., 

1998a; Mason et al., 1998b; Matthews, 1998; Sherwin & Nicol, 1998; Stamp Dawkins, 

1997).  Early literature proposed that behavioural demand curves could be used to 

determine the “elasticity” of demand for a resource.  However, such curves rely on a rate 

of change relationship, whereby the amount of resource consumed must co-vary with the 

increasing “price” paid (Mason et al., 1998a).  An alternative measure of demand that has 

been proposed as better suited for “all or nothing” resources is the maximum cost, or 

“reservation price” (e.g. Hovland et al., 2006; Mason et al., 2001; Olsson et al., 2002).  

Although potential pitfalls are now acknowledged, behavioural demand is recognized as an 

eminently suitable method for allowing animals to demonstrate the importance of obtaining 

a resource.   

 

Behavioural demand methods have been developed to determine how motivated laying 

hens are to work for a nest, with clear evidence that they are prepared to exert increasing 

work for access to this resource (Cooper & Appleby, 1996b, 2003).  Beside its use for 

studying nesting motivation in chickens, other applications within poultry include assessing 

motivation for food (Cooper & Appleby, 2003) or a dust bath (Cao et al., 2014; Widowski & 

Duncan, 2000).  Behavioural demand methods have also been used to investigate a wide 

variety of species’ motivation for many different types of resources, such as cage 

enrichment in mink (Cooper & Mason, 2000) and rabbits (Seaman et al., 2008), or social 

contact in calves (Holm et al., 2002).  To date, this technique has not been used in 

domesticated duck species. 

 

In addition to understanding how motivated a bird is to use a nest site, it seems relevant to 

the issue of floor-laying to understand which characteristics of the nest site are attractive to 

ducks, as such external stimuli will also contribute to the overall level of motivation the bird 

has for using a nesting resource.  Such questions can be addressed by offering animals 

different resource options (e.g. different nest substrates) using preference tests.  Although 

these tests are, and will remain, an important tool for understanding the relevance and 

salience of resources to animals (Nicol, 2016), the execution needs to be undertaken with 
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care to account for potential issues such as previous experience, lateralisation, and 

motivation levels (Widowski, 2015).  Preference tests have been used to explore all of the 

aspects of nest design that were outlined in the previous section to determine what 

features, such as level of concealment or substrate, are most attractive to birds.  Nesting 

preferences in other species, such as rabbits (Blumetto et al., 2010) and fish (Mendonça et 

al., 2010) have also been investigated, whilst in ducks specifically, preference for types of 

open water resource have been explored (Jones et al., 2009; Liste et al., 2012).    

 

If a bird is motivated to find a suitable nest for egg-laying but is unable to do so, this may 

act as a stressor.  As such, alterations of some physiological parameters involved in the 

stress response, such as hormone levels or body temperature, may result.  Using 

physiological data in conjunction with behavioural assessment can be an effective means 

to determine how challenged animals are by a stressor (Cook et al., 2000).  Potential 

physiological parameters have been comprehensively outlined by previous authors 

(Blache et al., 2017), and so the focus here will be on methods that might be suitable for 

assessing responses to stress in poultry. 

 

Glucocorticoid (GC) secretion is the most common physiological parameter that is used to 

measure an animal’s response to stress, with corticosterone being the GC secreted by 

birds (Blache et al., 2017).  Glucocorticoids are usually measured in plasma, however this 

is recognized as a confounder due to the potential for activation of the hypothalamic-

pituitary-adrenal (HPA) axis during the handling that is required to obtain a blood sample 

(Cook et al., 2000).  Consequently, researchers have looked for alternative, less invasive, 

ways to reliably measure the GC response.  Glucocorticoids can be measured in a variety 

of other body fluids or secretions (e.g. urine, saliva, faeces), and this includes egg 

albumen and yolk (Alm et al., 2016; Downing & Bryden, 2008; Royo et al., 2008).  Hens 

that experienced handling stress, heat stress, and being moved to new cages showed a 

correlated elevation in albumen corticosterone (Downing & Bryden, 2008, 2009).  

However, pre-laying behaviour and the concentration of corticosterone in the albumen 

were not found to have any relationship (Cronin et al., 2012).  Corticosterone 

concentration in the egg yolk was found to be elevated two days after hens were 

prevented from accessing their nest site, but had returned to basal levels three days later 

(Alm et al., 2016).  The suitability of using the concentration of corticosterone in egg yolk 

as an indicator of stress is debatable, as the hormone may be incorporated into the yolk 

over an 11-day period, meaning that concentrations may be influenced by multiple factors 
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during this time (Alm, 2015).  Once the yolk has been ovulated and taken into the magnum 

of the female reproductive tract, albumen is deposited around it over approximately 3 

hours (Johnson, 2000).  The synthesis of albumen seems to occur continuously, although 

production doubles when the yolk is in the magnum.  Thus, the window for corticosterone 

inclusion into albumen would seem to be approximately 24-25 hours, the interval between 

ovulations (Downing & Bryden, 2008).  As such, the concentration of corticosterone in egg 

albumen may represent a better indicator of acute stress than that in yolks, although this 

has yet to be fully elucidated. 

 

Other informative physiological parameters of stress include sympatho-adrenal axis 

indicators (e.g. adrenaline and noradrenaline), neurohormones (e.g. dopamine, serotonin, 

and opioids), and immune system indicators (e.g. heterophil to lymphocyte ratios).  

However, these typically require invasive sampling that often needs to be performed soon 

after the stressor is experienced.  Of these, only heterophil to lymphocyte ratios are widely 

used in poultry, as this parameter is responsive to a wide range of stressors (Davis et al., 

2008).  Increased housing group size and exclusion from nest sites have both been 

associated with elevated H:L ratios (Alm et al., 2016; Onbaşilar & Aksoy, 2005).  

 

Egg production can be affected by stress, and as such, it has been suggested that 

eggshell abnormalities may be a useful indicator of stress in poultry (Sherwin et al., 2010).  

Egg shell characteristics that have been associated with stress include the appearance of 

the shell or shell “wrinkling” (Alm et al., 2016; Alm et al., 2014), evidence of additional 

calcification due to delayed oviposition (Sherwin et al., 2010; Yue & Duncan, 2003), and 

egg shell thickness (Dawkins et al., 2004).  Such parameters have been shown to have 

some correlation with other indicators of stress (Alm et al., 2016; Sherwin et al., 2010), 

although results have not been consistent to date.  In ducks, eggshell thickness and 

strength were found to be lower in heat-stressed individuals (Ma et al., 2014) 

 

Changes in core body temperature (Tc) are associated with stressful stimuli and can lead 

to the phenomenon of stress-induced hyperthermia (SIH), also known as psychogenic 

fever.  In mammals, the SIH response is driven by central neural projections from the 

hypothalamus to the medulla oblongata, where sympathetic premotor neurons are 

stimulated (Nakamura, 2015).  The result is enhanced thermogenesis from brown adipose 

tissue, tachycardia, and cutaneous vasoconstriction, ultimately leading to the occurrence 

of SIH (Nakamura, 2015).  Very little is known about SIH in birds, although it does exist 
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(Bittencourt et al., 2015).  Birds do not possess brown adipose tissue, but the response 

probably involves cutaneous vasoconstriction (Gray et al., 2013).  Although it appears SIH 

shares efferent pathways with immune-mediated fever (associated with infection or 

inflammation), the mechanisms differ as SIH does not require the inflammatory mediators 

or receptors that are involved in the fever response to infection (Oka & Oka, 2012).  

Measuring SIH is advantageous, as it correlates with several other indicators of animal 

welfare (Edgar et al., 2013).  Although SIH should occur regardless of whether a physical 

response to a stressor is made, an accurate assessment of SIH may be complicated by 

concurrent physical activity (Edgar et al., 2013).  Changes in Tc have been used to assess 

the stress response of several bird species to both physical and psychological stressors, 

using measurements of either core or peripheral temperature.  Pekin ducks with surgically 

implanted temperature data loggers showed SIH in response to restraint (Gray et al., 

2008).  Pigeons that had surgically implanted telemetric transponders also showed 

elevated Tc in response to gentle handling, social isolation, and exposure to humans 

(Bittencourt et al., 2015).  Handling of eider ducks and restraint of red-tailed hawks both 

resulted in elevated cloacal temperatures (Cabanac & Guillemette, 2001; Doss & Mans, 

2016).  As far as it is possible to determine, SIH has never been used as an indicator of an 

animal’s frustration when unable to access a desired resource. 

 

One significant disadvantage of measuring SIH directly is that gaining Tc data is typically 

invasive.  Animals either must be handled to take rectal or cloacal temperatures, or have a 

data collection device implanted or attached.  Measuring peripheral temperatures (Tp) via 

the use of technology such as infrared thermography (IRT) offers a less invasive 

alternative.  During stressful events, peripheral temperature decreases, due to blood flow 

being re-directed to central organs (Busnardo et al., 2010), thus changes in Tp can be 

used to represent an inferred change of Tc.  The use of IRT in chickens has been used in 

this way to demonstrate Tp changes in response to both positive (food rewards) and 

negative (handling) stimuli (Edgar et al., 2013; Moe et al., 2012).  Recent work in chickens 

also indicates that skin temperature changes, as measured with IRT, can indicate the 

intensity of an acute stressor (Herborn et al., 2015).  Measurements of body temperature, 

whether Tc or Tp, thus represent an effective tool to establish an animal’s emotional 

response to a stimulus.   
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1.4 Conclusions and research direction 

 

The reviewed literature indicates that Pekin ducks have retained similar nesting behaviour 

to their Mallard counterparts and appear to be strongly motivated to find an appropriate 

nest site.  They prefer concealed nests, appear to be quite location conservative, and 

willingly use nest boxes once these are available, even after floor-laying has been 

established.  This suggests that one explanation for floor-laying is thwarted nesting 

behaviour.  If this is the case, it is of particular interest to consider whether floor-laying is a 

negative experience for these birds, as this could be regarded as a welfare cost.  An 

alternative explanation for floor-laying may be that some individuals have a preference to 

lay on the floor, which might have a genetic basis.  Based on studies in other species, key 

factors such as nest attractiveness, social interactions, experience, and genetics may 

shape these preferences in ducks.  Therefore, there are many potential research 

pathways, given that floor-laying in ducks has been so little explored. 

 

A better understanding of the motivation of Pekin ducks to use nest boxes is required to 

gauge the importance of this resource to them in the context of commercial housing.  

Knowing if the nest box is important to birds may assist in better defining whether floor-

laying occurs because of external (e.g. social interactions) or internal (e.g. genetic) factors. 

 

Further investigation of the impact of duck social behaviour on nest box use is required, 

particularly with regard to the effect of competition and social hierarchies.  Of importance 

to note is that all work in ducks referred to above has been conducted in small 

experimental flocks (groups of either 6 or 8 birds).  Whether social factors at larger 

stocking densities might contribute to floor-laying remain to be considered.  

 

Further investigation into elements of nest design that might improve the attractiveness of 

the nest box, and thus increase motivation for its use, are also needed.  The provision of 

appropriate nesting substrate has been shown to improve nest use and decrease floor-

laying in other poultry species.  The provision of appropriate nesting substrate is also a 

practical solution that could be rapidly achievable for the duck industry if effective.  Thus, 

investigating substrate preferences in ducks seems a salient aspect to pursue 
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The research presented in this thesis uses observational studies, behavioural demand 

tests, and preference tests to study how social factors, motivation, and substrate 

preferences might contribute to the behaviour of floor-laying in Pekin ducks, and the 

impact that floor-laying might have on these birds.  Measured outcomes were behavioural 

variables, the concentrations of corticosterone in egg albumen, and changes in core body 

temperature.  Chapter 2 details an observational study of duck behaviour in the hour prior 

to selection of an oviposition site in a small commercial breeding flock.  The remaining 

chapters focus on the motivation of individual ducks to access a nest site, and the impact 

of not being able to use a nest.  A method for behavioural demand in ducks was 

developed and validated (Chapter 3).  This method was used to assess the motivation of 

ducks to access their own established nest (Chapter 4) and the effect that being unable to 

access that nest had.  Chapter 5 examines duck preferences for different nest substrates, 

and how motivated they are to use nests that contain their preferred substrate, when they 

have free access to their least preferred substrate. 
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2 DIFFERENCES IN PRE-LAYING BEHAVIOUR 
BETWEEN FLOOR-LAYING AND NEST-LAYING 

PEKIN DUCKS 

 

 

 

 

Still frame from video recordings of nesting behaviour in laying Pekin ducks. 
 

 

 

 

 

The following chapter was published as: 

Barrett, L.A., Malecki, I. & Blache, D. (2019).  Differences in pre-laying behavior  
between floor-laying and nest-laying Pekin ducks.  Animals, 9(2), 40;  
doi: 10.3390/ani9020040  
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2.1 Introduction 

 

In commercial Australian duck farms, breeding females are provided with substrate-lined 

nest boxes at floor level to encourage nesting behaviour and to make manual egg 

collection more efficient.  Despite the provision of nest boxes, eggs are frequently laid 

outside of these boxes on the shed floor, a behaviour that is known as floor-laying.  Ducks 

lay between 30% and 40% of their eggs on the floor in the early part of their laying cycle, 

before decreasing and stabilizing at around 10% (Cherry & Morris, 2008).  In Australia, it is 

estimated that 20% of eggs laid in commercial farms are floor-eggs (G. McLachlan, Pepe’s 

Ducks Ltd, personal communication).  Floor-laying is undesirable because it impacts a 

farm’s production efficiency through lost potential income from breakages, contamination 

or decreased hatchability (Appleby et al., 2004). 

 

From an animal welfare perspective, it is possible that floor-laying is a negative experience 

for ducks.  Egg-laying is hormonally regulated and results in a strong pre-laying motivation 

to find an appropriate nest site (Mench, 2009).  A bird unable to adequately perform such 

behaviour may experience stress and negative emotions, such as frustration (Mason & 

Bateson, 2009).  Domestic ducks are strongly motivated to lay eggs in an enclosed nest 

site, which is in keeping with the observed nesting behaviour of wild Mallards (Lokemoen 

et al., 1984).  Pekin ducks preferentially nest in boxes that provide a high level of 

concealment, and those birds that had established floor-laying due to nest box deprivation 

preferentially lay eggs in nest boxes once these are available, rather than continuing to lay 

on the floor (Makagon et al., 2011).  These motivational behaviours strongly suggest that a 

duck that cannot lay in a suitable nest site may suffer psychologically and therefore be 

subjected to poorer welfare.  There is some evidence in chickens to support this: in hens 

that habitually floor-laid even when nest boxes were available, a positive correlation was 

found between the proportion of floor-eggs and behaviours indicative of frustration (Cooper 

& Appleby, 1996a). 

 

In domestic hens, floor-laying has been associated with nest design (Guinebretière et al., 

2012; Stämpfli et al., 2013), early experience (Cooper & Appleby, 1995; Sherwin & Nicol, 

1993a), rearing environment (Hunniford & Widowski, 2016), genetic strain (Wall, 2011) 

and competition for nest sites (Guesdon & Faure, 2004; Wall, 2011).  Little is known about 

how these factors contribute to floor-laying in ducks.  Although previous studies suggest 
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that Pekin ducks are typically very motivated to lay in suitable nest sites (Makagon & 

Mench, 2011; Makagon et al., 2011), persistent floor-laying (laying > 70% of eggs on the 

floor) has also been identified in a small percentage (5%) of ducks (Makagon et al., 2011), 

suggesting that some ducks have little motivation to use nest boxes.  Reasons for the 

variation in motivation to use nest boxes are yet to be fully explored in this species. 

 

Competition appears to be a contributing factor to floor-laying in Pekin ducks, as the 

incidence of floor-laying decreases if the ratio of nest boxes to laying females is higher 

(Makagon & Mench, 2011).  This same study also found that more than two thirds of floor-

eggs were laid during the time of highest nest box use, further supporting the theory of 

competition.  Social hierarchy appears to be related to the competition for nest sites in 

hens, with dominant birds receiving fewer aggressive pecks just prior to oviposition (Freire 

et al., 1998).  However, no study has formally assessed the effect of social factors, such 

as competition and hierarchy, on floor-laying in ducks. 

 

The quantification of duck behaviour prior to egg-laying would help to better understand 

how factors such as competition or disinterest in nest boxes contribute to the incidence of 

floor-laying in this species.  Understanding the causes of floor-laying would subsequently 

help improve production efficiency and welfare through enhanced management of the 

behaviour.  The aim of this exploratory study was to quantify the behaviour of ducks that 

floor-laid and ducks that nest-laid in the hour before oviposition site selection.  Behavioural 

analysis of video footage of a small duck breeding flock was used to test the hypotheses 

that (1) pre-laying behaviour is different between birds that floor-laid and birds that nest-

laid, and (2) the pre-laying behaviour of birds within the floor-laying population is variable. 

 

2.2 Methods and materials 

 

Animals and Husbandry 

The study was conducted on a small commercial poultry farm in Western Australia.  Fifty-

one female and nine male Pekin ducks from a breeding flock were housed overnight (7 

p.m. to 7 a.m.) in one half of a fully enclosed shed (pen dimensions 5 m × 5 m, Figure 2.1), 

the other half being occupied by another breeding group.  Once the shed door was opened 

each morning, the birds were free to move between the shed and an outdoor pasture-

based range with an open water source.  Birds were aged between 8 and 10 months at the 
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start of the experiment and were not individually identified.  They had been provided 

access to nest boxes from 18 weeks of age, to ensure familiarity with the boxes prior to the 

onset of laying.  The nest-box ratio was approximately 1 box per 2 females.  The boxes 

measured 0.4 m × 0.4 m and were open at the top and front (Figure 2.2).  The nest boxes 

and shed floor were lined with sawdust (as is standard practice in many Australian duck 

farms), which the farmer topped up and cleaned each week.  The ducks had ad-lib access 

to feed and clean drinking water at all times.  The lighting schedule was maintained at 17 h 

light: 7 h darkness (9 p.m.to 4 a.m.), with artificial lighting used in the shed to extend the 

daylight period. 

 

 

 

 

Figure 2.1:  Schematic diagram of the pen layout used for video recording pre-laying behaviour and the egg-

laying locations of analysed birds. Pen dimensions 5 m × 5 m. Black ovals = eggs laid in nest boxes; grey 

ovals = eggs laid on floor by ducks that used nest boxes; white ovals = eggs laid on the floor by ducks that 

did not use nest boxes. 
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Figure 2.2:  Still frame from video footage showing one group of 12 nest boxes used in the shed. A second 

group of the same layout and design is not pictured. 

 

 

 

 

Video Recording and Quantification of Pre-Laying Behaviour 

A digital video recording system (Techview QV3034, Jaycar, Perth, Australia) was installed 

in the shed.  Six cameras were attached to roof rafters in positions that ensured views of 

the entire shed floor would be recorded simultaneously.  The ducks were recorded every 

day between 3 a.m. and 7 a.m. during the first 2 weeks of the month between May and 

August 2014.  An ongoing technical issue during the recording weeks meant that the 

number of complete recordings of the entire 4 h period was limited to 6 in May, 5 in June, 

8 in July and 5 in August, giving a total of 24 nights available for analysis.  The decision to 

record between 3 a.m. and 7 a.m. was made based on a previous study of egg-laying in 

commercially kept Pekin ducks that found that the majority (65%) of eggs were laid in the 

hours after lights came on (Makagon & Mench, 2011).  For the shed in this study, lights-on 

occurred at 4 a.m.; therefore, beginning recording at 3 a.m. allowed capture of the final 

hour of the dark period, and 3 h of light when peak egg-laying should theoretically occur, 

before the birds were released outside at 7 a.m. 
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For each of the 24 days, one incidence of floor-laying and one of nest-laying were 

identified.  Floor-laying was defined as a bird depositing an egg directly onto the shed 

floor, not within a previously established nest that had been created in the floor substrate.  

This definition of floor-laying was used, as this is the working definition used by the 

Australian duck industry (A. McBride, Luv-a-Duck Ltd, personal communication).  Eggs laid 

directly onto the floor also account for approximately 95% of eggs laid outside of nest 

boxes (I. Malecki, unpublished data); thus it was considered that analysing the behaviour 

of birds laying directly onto the shed floor would give a better representation of factors that 

might contribute to the incidence of the most common type of floor egg.  Nest-laying was 

deemed to have occurred by identifying a nest box that was empty of eggs when a bird 

entered it, but with an egg present when the bird exited.  Only the first egg laid in a next 

box was considered, as the presence of eggs in the nest could enhance nest box 

attractiveness (Makagon et al., 2011) and thus be a confounder. 

 

The duck’s behaviour was analysed for one hour prior to it selecting a site for oviposition.  

Video footage was reversed with video editing software (Avidemux video editor, version 

2.5, https://avidemux.en.uptodown.com), to allow retrospective viewing of behaviour.  The 

period for behavioural analysis of nest-laying was taken from the time when the bird 

entered the nest box, to one hour beforehand.  The period for behavioural analysis of floor-

laying was taken from the time the bird was seen to lay an egg on the shed floor, to one 

hour beforehand.  All behaviours observed in the one hour prior to oviposition site 

selection were continuously sampled and coded using behavioural analysis software 

(Interact, version 14.0, Mangold International, Arnstoff, Germany).  Continuous sampling of 

all observed behaviours was achieved by simultaneously playing footage from the 6 

cameras, so that the movements of each duck could be tracked between shed areas.  The 

selection of each incidence of nest or floor-laying for each night was opportunistic, based 

on whether the duck could be reliably tracked on the video footage for the full hour before 

laying.  In the event that the individual was lost in a camera view, or uncertainty arose as 

to whether the same individual was being observed, the entire observational period was 

discarded and another egg-laying event was selected for analysis.  All behavioural 

observations and coding were performed by the same person. 

 

Observed behaviours were considered as either state or events (Martin & Bateson, 1986).  

Behavioural states observed were walking, sitting, maintenance behaviours (drinking, 

eating, preening), or nest-building behaviour (Table 2.1).  Behavioural events were box 
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entries, exits and investigations, occurrences of multiple birds in nest boxes, and social 

interactions (aggressive or non-aggressive; Table 2.1).  Behavioural states were 

considered mutually exclusive; however, it was possible for an event behaviour to occur 

during a bout of state behaviour (e.g., an aggressive interaction occurring while a bird was 

sitting).  Additional behavioural variables (Table 2.1) were created post-hoc using the 

contingency analysis or co-occurrence functions of Interact. 

 

Age was not considered to be a confounding factor across time, as all birds were well 

established layers at the beginning of the experimental period.  The peak of floor-laying 

occurs in the early part of the laying cycle (Cherry & Morris, 2008), with rates stabilizing at 

around 30 weeks of age (I Malecki, unpublished data), by which time birds are typically 

consistent in their nesting location preference (Makagon & Mench, 2011).  As the flock age 

varied between 8 and 10 months at the start of the experiment, nesting behaviour 

exhibited by individual birds was regarded as indicative for that bird. 

 

Statistical Analysis 

Data analysis was conducted using R statistical software (R Development Core Team, 

2017).  All egg-laying events were assumed to be independent, although it is 

acknowledged that the lack of individual bird identification and unit replication are limiting 

factors.  Exploratory analysis of the frequency, percentage of time, and duration was 

undertaken for each behavioural variable.  Duration data used were the average bout 

lengths of behaviour for each bird within the observational period.  Data were visualized 

graphically to assist with the identification of trends in behaviour between and within 

groups.  This process was used to determine which behavioural variables were then 

subject to formal statistical testing.  Consequently, maintenance and non-aggressive 

behaviour was excluded from further analysis because of a low frequency of occurrence. 

 

Chi-square tests were used to determine whether there were differences in the proportion 

of birds per group that engaged in walking, sitting, nesting-associated behaviours (nest-

building behaviour, nest box investigation, nest box entry), or aggressive encounters over 

the 1 h period. 
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Table 2.1:  Ethogram used for statistical analysis. Primary observations are those behaviours that were 

directly observed from the video footage of the hour prior to oviposition site selection. Secondary variables 

were created using either the contingency analysis or co-occurrence function of Interact software. 

 

Behaviour Description 

Primary Observations  

States:  

Walking Duck is outside of the nest box, moving around the shed floor. 

Sitting Duck is sitting down quietly with wings tucked in, either awake 
or asleep. Occurs either inside or outside of the nest box.  

Maintenance behaviour Duck is engaged in either feeding, drinking or preening. Each 
of these is further defined as: duck is standing at the feeder 
actively engaged in bouts of food consumption; duck is 
standing at the drinker, actively engaged in bouts of drinking; 
duck is engaged in self-directed grooming/cleaning of body.  

Nest-building behaviour Duck is using body and feet to create a hollow in the substrate 
and/or manipulating substrate with beak in the nest hollow. 
Occurs either outside nest boxes on the floor, or inside a nest 
box. 

Events:  

Nest box entry Duck places full body inside a nest box. 

Nest box exit Duck places full body outside a nest box. 

Nest box investigation Duck stands outside of nest box with neck extended and head 
inside box, may or may not engage with box substrate. 

Multiple birds in nest 
box 

Subject bird plus 1 or more birds with full bodies in the nest 
box concurrently. 

Aggressive behaviour  Subject duck is engaged with other bird/s, overt aggression 
(e.g., grabbing neck skin, feather pecking, chasing) is seen. 
Subject either receives or initiates aggression. 

Non-aggressive 
behaviour 

Subject duck is engaged with other bird/s (e.g., sitting in 
physical contact with another bird, permitting or performing 
investigative behaviour from/towards another bird as passing 
by), but no overt aggression is seen. Subject either receives 
or initiates non-aggressive behaviour. 

Secondary Variables  

Time in nest boxes Duration of nest box visits, calculated between occurrences of 
nest box entries and exits. 

Aggression in nest box  Event where subject duck was concurrently in the nest box 
and involved in aggressive encounter. Subject either receives 
or initiates aggression. 

Nest box exit due to 
aggression 

Event where a duck involved in an aggressive encounter co-
occurred with that duck exiting the nest box. Subject may 
either be initiating or receiving aggression. 
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The initial analysis of the frequency of nest box interactions identified that a sub-population 

of floor-laying birds did not enter or investigate nest boxes.  This difference was included in 

further analysis by classifying the birds post-hoc into three groups instead of two: birds that 

laid on the floor but entered and investigated nest boxes before doing so (FL-In, n = 11); 

birds that laid on the floor and did not enter or investigate nest boxes (FL-Out, n = 13), and 

birds that laid in the nest boxes (NL, n = 24).  Data sets could not be normalized by either 

log or square-root transformations, thus non-parametric analysis methods were used to 

determine if significant differences in the frequency, duration, or percent of time spent 

performing a behaviour existed between groups.  Further analyses used either Mann–

Whitney U tests for comparing two groups (FL-In vs NL groups for behaviour occurring in 

the nest boxes), or Kruskal-Wallis tests for three groups (FL-Out vs FL-In vs NL for 

behaviour occurring out of the nest boxes).  Post-hoc testing of significant Kruskal–Wallis 

tests used a pairwise Mann–Whitney U test with a Bonferroni correction.  For all tests, the 

level of significance was p ≤ 0.05 and a trend was considered when 0.05 < p ≤ 0.1.  

Results presented for these analyses are median values with minimum-maximum ranges, 

unless otherwise stated. 

 

A correlation of occurrences of multiple birds in the nest box versus the number of 

aggressive encounters had in the nest box was performed, to determine the strength of 

association between these variables. 

 

2.3 Results 

 

The locations of the 24 floor-laid eggs and the 24 nest-laid eggs for which behaviour was 

analysed are shown in Figure 2.1. 

 

Nest Box Interactions 

More nest-laying birds entered nest boxes in the hour prior to oviposition site selection 

than floor-laying birds (100% vs 46%, χ2 = 15.19, degrees of freedom (df) = 1, p < 0.001), 

with 13 of the 24 floor-laying birds never entering nest boxes (FL-Out).  The frequency, 

percentage of time and duration of nest box entries did not differ between NL and FL-In 

groups (Table 2.2).  Nest box investigations were performed by 100% of birds in the NL 

and FL-In groups (median number of investigations = 9 and 4, respectively, Table 2.2), but 
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never by birds in the FL-Out group.  The frequency, duration and percentage of time spent 

investigating nest boxes were not different between FL-In and NL (Table 2.2). 

 

Nest-Building Behaviour 

Nest-building behaviour was performed exclusively in nest boxes by NL.  All of the FL-Out 

and one of the 11 FL-In ducks performed nest-building behaviour on the floor.  The 

remaining 10 FL-In performed nest-building behaviour exclusively in the nest boxes.  

There were no significant differences in the frequency, percentage of time spent, or 

duration of nest-building behaviour between the 3 groups (Table 2.2). 

 

Behaviour Outside of Nest Boxes 

All birds engaged in bouts of walking.  There were differences in the percentage of time 

spent walking between groups (H = 12.33, df = 2, p = 0.002); FL-Out spent less time 

walking than both FL-In (median value 2.8% vs 21.1%, p = 0.001) and NL (median value 

2.8% vs 13.7%, p = 0.023).  There was no difference in the frequency and duration of 

walking bouts between any of the 3 groups (Table 2.2).  More FL-Out birds sat outside of 

the nest compared to FL-In (100% vs 45%s, χ2 = 6.76, df = 1, p = 0.009), with a trend for 

more FL-Out birds sitting outside boxes compared to NL (100% vs 71%, χ2 = 2.97, df = 1, 

p = 0.085) also present.  There were differences in the number of sitting bouts between 

groups (H = 25.17, df = 2, p = <0.001), with FL-Out sitting more frequently than both FL-In 

and NL (median values 11 vs 0, p < 0.001 and 11 vs 2.5, p < 0.001).  The percentage of 

time spent sitting also differed between groups (H = 13.24, df = 2, p = 0.001), with FL-Out 

sitting more than both FL-In (median value 61.5% vs 0.0%, p = 0.008) and NL (median 

value 61.5% vs 19.5%, p = 0.019).  There were also differences in the duration of sitting 

bouts (H = 7.75, df =2, p = 0.021), with FL-Out birds sitting longer per bout compared to 

FL-In (185.1 s vs 0.0 s, p = 0.017). 

 

Behaviour Inside Nest Boxes 

There was no difference in the percentage of time spent in nest boxes, or the duration of 

nest box entries between NL and FL-In birds (Table 2.2).  There were no differences in the 

frequency, percentage of time, or duration of sitting bouts between NL and FL-In. 

 

Aggressive Interactions 

Every bird analysed engaged in aggression in the hour prior to oviposition site selection.  

The total number of aggressive encounters differed between groups (H = 11.91, df = 2, p = 
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0.003), with FL-Out having fewer aggressive encounters than both FL-In (median value 6 

vs 35, p = 0.009) and NL (median value 6 vs 30, p = 0.007; Table 2.2).  Differences in the 

percentage of time spent in aggressive encounters were also identified (H = 10.12, df = 2, 

p = 0.006): FL-Out spent less time in aggressive encounters compared to FL-In (median 

value 0.61% vs 5.6%, p = 0.02) and NL (median value 0.61% vs. 4.6%, p = 0.019; Table 

2.2).  The duration of aggressive bouts was not different between any of the 3 groups.  

The number of aggressive interactions initiated differed between groups (H = 12.26, df =2, 

p = 0.002), with FL-Out initiating fewer interactions compared with FL-In (median value 1 

vs 14, p = 0.007) and NL (median value 1 vs 10, p = 0.02; Table 2.2).  Differences in the 

number of aggressive interactions received were also found (H = 11.51, df = 2, p = 0.003), 

with FL-Out also receiving fewer aggressive interactions than FL-In (median value 5 vs 21, 

p = 0.03) and NL (median value 5 vs 24.5, p = 0.005; Table 2.2). 

 

The percentage of aggressive encounters that occurred in the nest box were similar 

between FL-In and NL (Table 2.2).  There were no differences between FL-In and NL in 

either the percent of total aggression that occurred in the nest boxes, or the percent of 

time spent in aggressive encounters when in the nest boxes (Table 2.2).  Nest exits 

related to aggression accounted for 56.7% of all nest exits overall, with NL exiting the nest 

due to aggression 59.8% of the time, and FL-In exiting due to aggression 55.3% of the 

time.  Exits from the nest boxes associated with either receiving or initiating aggression 

were not different between FL-In and NL groups (Table 2.2).  There was a strong positive 

association between the occurrences of multiple birds being in the nest and the number of 

box exits due to aggression (R = 0.81, Figure 2.3). 
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Table 2.2:  Frequency, percentage of time spent and duration (s) of behaviours performed by laying Pekin 

ducks in the hour prior to oviposition site selection. FL-Out = ducks that floor-laid and did not enter nest 

boxes; FL-In = ducks that floor-laid but did enter nest boxes; NL = ducks that laid in nest boxes. Values are 

median values, with the minimum and maximum range in brackets. Values with different superscripts across 

rows are significantly different (p ≤ 0.05). Values with * across rows show a trend towards significance (0.1 ≤ 

p > 0.05). 
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Figure 2.3:  Correlation between the occurrences of multiple birds in the nest box and the number of 

aggressive encounters that occurred in nest boxes in all ducks that used nest boxes in the hour prior to 

oviposition site selection. 
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2.4 Discussion 

 

The aim of this study was to quantify the pre-laying behaviour of nest-laying and floor-

laying ducks in the hour prior to them selecting an oviposition site.  It was hypothesized 

that differences would exist in the pre-laying behaviour of floor-laying and nest-laying 

birds, and within the floor-laying population.  The results indicate that nest box interactions, 

activity levels, and aggressive interactions were similar between some floor-laying birds 

and nest-laying birds.  However, a sub-population of floor-laying birds that did not interact 

with nest boxes at all was identified (FL-Out).  The FL-Out birds were less active and 

engaged in less aggression than the two groups of nest-using birds.  The two sub-

populations within the floor-laying ducks might have behaved differently due to differences 

in motivation due to effects of domestication, responses to competition for nest boxes, or 

nest design preferences.  Consideration as to how these behavioural differences are 

linked to bird welfare needs to be given, as improved recognition of factors contributing to 

floor-laying in Pekin ducks provides industry with opportunities to develop practical 

management strategies that would result in both improved production and welfare 

outcomes. 

 

An explanation for the differences in behaviour seen between the two nest-using groups 

and FL-Out birds could be social hierarchy.  Although it was not possible in this study to 

establish the flock hierarchy, because of the lack of individual identification, the impact of 

social hierarchy on floor-laying warrants mention.  It could be argued that nest-layers are 

likely to be more dominant than floor-layers, as dominant birds often have priority access 

to important resources (Rietveld-Piepers et al., 1985), such as a nest box.  A clear 

distinction in dominance between nest-layers and FL-In birds is not supported by the 

results, as nest-layers and FL-In birds spent similar amounts of time in nest boxes and 

made a similar number of box entries.  They also experienced similar levels of total 

aggression, nest-related aggression, and aggression-related nest exits, and did not initiate 

or receive aggression any more frequently.  However, it may be possible that FL-Out birds 

are lower in the social order than both of these groups.  Social hierarchy has previously 

been shown to alter the expression of pre-laying behaviour in hens (Freire et al., 1997) 

with subject birds engaging in more avoidance behaviour of dominant birds than 

subordinate birds when trying to access a nest site.  Although floor-laying has not been 

associated with social rank in hens (Rietveld-Piepers et al., 1985), further work with 
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individually identified ducks is needed to examine the effect of social hierarchy on floor-

laying in this species.  However, any future demonstration of a relationship between floor-

laying and social hierarchy in smaller groups of ducks (such as that seen here) may not 

easily be extrapolated to large-scale farms (often thousands of birds in a breeding shed).  

Stable hierarchies that are established through a series of dyadic encounters seem 

unlikely to occur in such large groups of ducks, as the relative costs of engaging with so 

many unfamiliar birds may be too great.  This has been shown in chickens, where other 

social strategies that do not rely on individual recognition, such as status signalling are 

more likely to be used to avoid agonistic encounters in large groups (Pagel & Dawkins, 

1997).  How these alternative social strategies influence floor-laying in large groups has 

yet to be fully determined in any poultry species. 

 

The lack of motivation to enter nest boxes in FL-Out could be due to the effects of 

domestication on energy expenditure (Price, 2002).  It has been theorized that the 

expression of energy-demanding behaviours may have been coincidentally relaxed during 

domestication, as such behaviours are no longer as important for an animal’s survival 

(Price, 2002).  Searching and competing for a nest site could be energy-expensive as the 

activities involved, such as locomotion (e.g., walking or running during aggressive chases) 

and defence of the nest box, require greater energy utilization (Blem, 2000).  The 

possibility that FL-Out birds are less motivated to seek out an appropriate nest site than 

the two nest-using groups is supported by the differences in the sitting and walking 

behaviour.  FL-Out birds spent more time sitting and less time walking than the FL-In and 

NL birds, suggesting that the latter two groups were more active in searching for a suitable 

oviposition site.  The resource allocation theory suggests that animals undergoing intense 

selection for production traits will spend more time in energetically low-cost behaviours 

(Price, 2002); therefore the FL-Out birds may be electing to conserve energy by not 

engaging in the typical nest-seeking repertoire. 

 

The finding that nest-building behaviour differs only in location between the three groups of 

ducks indicates that, although FL-Out may not engage in the full range of pre-laying 

behaviours typically seen, they still exhibit some parts of the behavioural repertoire 

associated with nest site selection.  It is possible that FL-Out birds do seek suitable nest 

sites within the shed environment, but that they do not consider the nest boxes attractive.  

Of the factors known to influence nest box use in chickens, the ones most likely to explain 

the disinterest shown for nest boxes by FL-Out are social factors and nest design.  A lack 
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of nest box experience is unlikely to explain floor-laying in this flock, as the ducks were 

well established layers that had at least three months’ experience with nest boxes before 

the start of the video recordings.  In addition, the age of first nest box experience has been 

shown to have no significant effect on the proportion of floor-eggs in Pekin ducks 

(Makagon et al., 2011). 

 

A social factor that could contribute to FL-Out birds not using nest boxes is competition.  

The similar levels of engagement in aggression by FL-In and NL birds suggest that 

competition for the nest boxes exists in the pre-laying period.  In contrast, FL-Out birds 

were engaged in fewer aggressive interactions, and spent less time involved in aggressive 

interactions than both other groups.  A similar pattern has been found in chickens, where 

lower incidences of aggression occurred in hens that elected to lay away from the most 

preferred nesting site (Lundberg & Keeling, 1999).  Perhaps not engaging with nest boxes 

is a coping strategy that FL-Out birds have adopted to avoid competition, thereby 

decreasing the amount of aggression (and by extension, stress) that they experience in 

their daily lives. 

 

Competition for nest boxes also explains the ultimate egg-laying location of the FL-In birds.  

Aside from the similar levels of aggression between FL-In and NL birds, the strong 

correlation between occurrences of multiple birds in the box and the number of aggressive 

encounters in the box also indicates that competition for nest boxes exists.  An impact of 

nest box competition on the occurrence of floor-laying in ducks has been described 

previously, with fewer floor-eggs occurring when the ratio of nest boxes to females was 1:1 

compared with 1:4 (Makagon & Mench, 2011).  Although the ratio of nest boxes to females 

in this study was high (1:2) by Australian industry standards, our findings indicate that 

competition for nests and subsequent floor-laying still exist at this allowance.  These 

results lend further support to earlier studies that competition is a contributing factor to 

floor-laying in farmed Pekin ducks. 

 

The occurrences of multiple birds in nest boxes raises the question of gregarious nesting 

behaviour in Pekin ducks.  Gregarious, or sociable, nesting in hens has been defined as a 

hen choosing to enter an occupied nest when an empty one is available (Kite et al., 1980; 

Riber, 2010).  Besides chickens, the behaviour is presumed to exist in quail and turkeys, 

based on the presence of multiple eggs found in nest sites (Millam, 1987; Schmid & 

Wechsler, 1997).  Gregarious nesting has also been observed in small groups of Pekin 



 

45 
 

ducks (Makagon, 2010).  The current study did not identify if a nest entry was gregarious 

(as per the above definition), but there is a stark contrast with the earlier findings in ducks: 

no aggression was seen when more than one duck occupied a nest box in the earlier 

study (Makagon, 2010), whilst here the correlation between occurrences of multiple birds 

in the box and the number of aggressive encounters in the box is shown.  This difference 

may be explained by the small groups used in the previous study (n = 8), as there was 

likely an established social hierarchy where all individuals were known to each other.  As 

such, gregarious nesting may be better tolerated in that situation, compared with the larger 

flock size seen in this study, where perhaps less recognition of individuals results in 

aggression when one bird attempts entry of an occupied nest.  It is as yet unclear what the 

origins of gregarious nesting in Pekin ducks are.  Gregarious nesting in chickens has been 

proposed to occur as a result of social facilitation or local enhancement, particularly in 

inexperienced hens just coming into lay (Riber, 2010).  Whilst these phenomena may also 

be the case for Pekin ducks, a further explanation is that gregarious nesting may be 

derived from the behaviour of brood parasitism seen in Mallard ducks nesting at high 

densities (Denk, 2005; Kreisinger et al., 2010).  Although gregarious nesting is seen when 

the ratio of females to nest boxes is 1:1, the behaviour occurs more often when the ratio is 

1:4 (Makagon, 2010).  This finding suggests that gregarious nest entries in Pekin ducks 

may, at least in part, have originated from brood parasitism strategies used by Mallards 

when competing for a preferred nest site.  It is therefore possible that the aggression due 

to competition seen in this study has its roots in brood parasitism.  Further work is required 

to better establish factors contributing to gregarious nesting in Pekin ducks, and how group 

size influences both its frequency and the type of social interactions that occur within 

nests. 

 

Nest design, including structure and nesting substrate, could have contributed to the lack 

of interest in nest boxes shown by FL-Out.  The boxes provided in the shed, although 

typical by Australian industry standards, are open at the top and front.  The similar number 

of nest box entries, and the similar pattern of nest box investigations between FL-In and 

NL indicate that the level of enclosure provided by the boxes was considered the most 

adequate option available by these two groups.  However, previous work has shown that 

Pekin ducks prefer a higher level of concealment than such open boxes provided 

(Makagon & Mench, 2011).  It is thus possible that the FL-Out birds did not regard the 

level of concealment provided by the nest boxes as sufficient and found no additional 

benefit to using them. 
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Nesting substrate could be another factor of nest design affecting the motivation of FL-Out 

birds.  In the present study, as in most commercial duck farms, sawdust was provided both 

in the nest boxes and on the shed floor.  However, it is possible either that sawdust is not 

the preferred nesting substrate for ducks or that the lack of contrast between the shed floor 

and the nest substrate might reduce the ducks’ inclination to use the next boxes.  To our 

knowledge, the substrate preferences of Pekin ducks has not been investigated, but clear 

preferences have been demonstrated in hens and associated with the occurrence of floor-

eggs (Guinebretière et al., 2012; Huber et al., 1985; Struelens et al., 2005). 

 

It is also possible that the FL-Out birds in this study represent a persistent floor-laying sub-

population, similar to that identified in previous work (Makagon & Mench, 2011).  These 

authors found that approximately 5% of birds were persistent floor-layers.  The design of 

the present study did not allow for a measurement of percentage of floor-laid eggs or 

percentage of floor-laying birds, and such data is not collected by the producer.  

Nevertheless, this study demonstrates that two sub-populations exist within the floor-laying 

group: one engages with nest boxes, while the other does not. It would be useful to 

determine if the birds showing no interest in nest boxes are persistent floor-layers. 

 

The results of this study give cause to consider what the welfare implications of floor-laying 

in Pekin ducks may be.  It is reasonable to suggest that nest site competition and the 

related aggression that exist in FL-In and NL birds is a negative experience, as aggression 

results in fear and distress (Appleby et al., 2004).  The increased walking seen in these 

two groups may also be a sign of frustration, as they actively seek and compete for nest 

sites.  Further work is required to quantify any stress response and establish the cost to 

those birds.  Whether FL-Out birds experience stress or negative emotional states such as 

frustration also needs to be established.  FL-Out birds exhibited increased sitting 

behaviour in the hour prior to egg-laying.  In chickens, sitting behaviour is typically 

considered an indicator of settled nesting behaviour (Struelens et al., 2008), whilst 

increased locomotion is thought to be indicative of unsettled nesting behaviour, which may 

in turn lead to frustration (Meijsser & Hughes, 1989).  However, increased frequency of 

sitting behaviour with reduced total sitting time has previously been correlated with 

elevated plasma corticosterone, suggesting unsettled nesting behaviour with an 

associated stress response (Cronin et al., 2012).  The sitting behaviour exhibited by FL-

Out birds in this study may represent a pattern of settled behaviour in birds with low 
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motivation to seek out an enclosed nest.  Alternatively, the increased sitting may be the 

external manifestation of these birds’ coping or avoidance behaviour.  Therefore, more 

study is needed to determine the significance of increased sitting in behaviour in ducks 

that do not use nest boxes. 

 

The distribution of FL-Out oviposition sites (Figure 1) indicate that they do not seek out 

other enclosed areas in the shed, away from the contested nest boxes (e.g., in corners or 

against walls).  Rather, the frequent occurrence of floor-eggs near the drinker indicates 

that this is the most likely area for floor-laying birds to lay an egg.  This theory is supported 

by the producer’s own observations of where floor-eggs are typically found each day (M. 

Brummelmann, personal communication).  One possible explanation is that floor-laying 

birds are opting to engage in drinking behaviour as a displacement activity at or near the 

time of oviposition.  If a behaviour that an animal is highly motivated to perform is 

thwarted, displacement behaviours, such as drinking (Hansen & af Hagelsrum, 1984) or 

preening (Duncan & Wood-Gush, 1972) may occur due to frustration.  Although not 

quantified in the current study, it would be useful to further investigate the association 

between floor-laying and displacement activities such as drinking or preening, to better 

establish the welfare implications of floor-laying in ducks. 

 

A significant limitation of this study was the inability to identify individual birds for the 

duration of the filming period.  Although all observations were considered independent of 

one another, it is possible that the same bird may have been analysed more than once, 

potentially resulting in misrepresentation of behaviours within and between groups.  

However, the probability of the same bird being observed on any two nights is relatively 

low, at approximately 4 in 10,000.  Given that this study was based within a commercial 

operation, it was not feasible to retain individual identifiers that were camera-visible for the 

entire filming period.  The limitations of the data analysis are recognized, but these initial 

results do provide evidence of differences in Pekin duck pre-laying behaviour that can be 

used to inform future larger scale studies. 

 

A further limitation of this study was to use only two categories for location, either in or out 

of the nest boxes.  Most birds were observed to move through a very restricted area of the 

shed and spent the majority of time near one set of nest boxes or one particular area of 

the shed floor.  However, it would have been informative to be able to quantify the time 

spent at different distances from the nest to better understand the level of interest shown 
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for nest boxes by individual birds, and the relationship between nest proximity and levels 

of aggression experienced. 

 

2.5 Conclusions  

 

This study identified that some floor-laying Pekin ducks never engage with nest boxes in 

the hour prior to selecting a laying site, whilst some floor-layers use nest boxes similarly to 

nest-laying birds.  Competition for nest boxes, as indicated by aggressive interactions, 

appears to be an important contributing factor.  However, other factors that might affect 

birds’ willingness to compete for a nest box, such as nest attractiveness, should be 

considered.  The results of the present study indicate that an industry focus on practical 

strategies to reduce competition could help mitigate floor-laying.  This in turn would assist 

in improving the production efficiency of these systems, and decreasing any negative 

welfare outcomes that might exist. 
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3 DEVELOPMENT OF A BEHAVIOURAL DEMAND 
METHOD FOR USE WITH PEKIN DUCKS 

 

 

 

 

Photo sequence of a duck exiting through a push-door during behavioural demand training. 
Photos by L. Barrett 

 

 

 

 

 

The following chapter was published as: 

Barrett, L.A. & Blache, D. (2019).  Development of a behavioural demand method for use  
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doi 10.1016/j.applananim.2019.03.003 
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3.1 Introduction 

 

The global duck meat industry has shown continued growth, with production increasing 

from almost 2.9 million tonnes in 2000 to just over 4.4 million tonnes in 2017 (FAO, 2019).  

Whilst this is dwarfed by the annual production of chicken meat (109 million tonnes in 

2017; FAO, 2019), the production figures still represent millions of ducks that are housed, 

reared and slaughtered every year.  Although there is recognition that welfare issues 

within the duck industry exist, comparatively limited research has been undertaken to 

investigate these. 

 

In order to optimise animal welfare, management practices need to be based on what is 

relevant and important to the animals living within a given production system (Dawkins, 

2017).  Animal-centred measures, such as behavioural demand tests, are particularly 

useful and informative tools because they assess the motivation of an animal to obtain a 

given resource.  During behavioural demand tests, the cost (as determined by the amount 

of energy, effort or time required from the animal) to access the resource is increased to 

measure the motivation of an individual to obtain the resource (Fraser & Nicol, 2011).  

Since its development by Marian Dawkins (1983), there has been much discussion about 

the application, interpretation and validity of the behavioural demand methodology (e.g. 

Kirkden & Pajor, 2006; Mason et al., 1998a; Mason et al., 1998b; Matthews, 1998; 

Sherwin & Nicol, 1998).  Notwithstanding this, behavioural demand techniques have been 

widely applied across species, such as poultry (e.g. Cooper & Appleby, 2003; de Jong et 

al., 2007), mink (e.g. Cooper & Mason, 2001), pigs (e.g. Pedersen et al., 2005) and 

rodents (e.g. Borland et al., 2017; Martin & Iceberg, 2015).  Outcomes from some works 

have subsequently been used to inform and improve management practices and welfare 

for animals within these systems, such as the LayWel project in Europe (Danish Institue of 

Agricultural Science, 2006). 

 

As yet, behavioural demand methods have not been used to address the needs of ducks 

housed within commercial systems.  Behavioural demand could be used to ask similar 

questions about the behavioural needs of ducks that have been answered in other 

livestock species, such as nest box use and the issue of floor-laying (e.g. chickens; 

Cooper & Appleby, 1996b), or the provision of water to promote environmental enrichment 

and positive affective states (e.g. mink; Cooper & Mason, 2001).  
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The aim of this study was to develop a behavioural demand technique specific to ducks 

that can be used to assess their motivation to access a variety of resources.  We 

hypothesised that ducks, like other poultry species, would be capable of learning an 

operant task to access a desired resource, and would be willing to exert increasing effort in 

order to access the resource.  Female ducks were trained to exit a specially designed 

behavioural demand unit through an open door.  They then had to learn to push through 

two different door heights to return to their social group.  The door that was associated 

with the greatest success was then used to assess if the ducks would exert increasing 

amounts of effort to return to their social group. 

 

3.2 Methods and materials 

 

The procedures and experimental design were approved by the University of Western 

Australia’s Animal Ethics Committee (RA/1/300/1325). 

 

Animals and Housing 

Sixteen breeder female Pekin ducks were transported from a local free-range producer to 

the research facilities.  The ducks were 20 weeks old when collected, and had been reared 

together under the same conditions on farm.  Ducks were individually identified with 

numbered leg bands, and the application of coloured, non-toxic stock marker (Steadfast 

Stock Mark, Dy-Mark, Darra, Queensland, Australia) to the top of the head.  The ducks 

were housed in two outdoor grassed pens (approximate dimension of each 12 m x 4 m), 

with 8 birds in each pen.  The pen fences were 1.8 m in height and constructed of 

aluminium poles and chain-link fencing mesh.  The rear third of each pen was covered 

with shade cloth (ARMAShade, Jaylon, Perth, AU) to provide some shelter for the sun 

light, and the remaining two thirds were covered with bird netting to prevent access by wild 

birds (ARMANet, Jaylon, Perth, AU).  The two pens were adjacent, enabling visual contact 

between the two groups of birds.  Two nest boxes with an aspen-chip substrate were 

placed at the back of each pen under the area of shade cloth, as it was anticipated that 

laying would begin during the study period.  Nest boxes were cubical (35 cm sides) and 

constructed of white melamine particleboard (5 mm thick).  The two sides and the back 

were fully closed, while the front panel was only 5 cm high to allow access.  The ducks 

were fed once daily with a standard ration of commercial chicken layer pellets (Weston 
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Milling, Perth, Australia) and were free to forage within the pens.  Each pen contained two 

drinking troughs, and an open water source for bathing (W: 60 cm, L: 1.35 m, H: 15 cm).  

All water sources were cleaned and refreshed daily.  Each bird was weighed weekly, with 

the weight range being 2.6 – 3.9 kg upon arrival and 2.7 – 4.1 kg at the completion of the 

experimental protocol.   

 

Habituation to research facilities and behavioural demand unit 

After arriving at the research facilities, the birds underwent a two-week period of 

habituation, to familiarise the birds both with regular contact and handling by the 

researchers, and the behavioural demand unit (BDU).  During this time, a researcher spent 

a minimum of one hour every day in each pen.  The person would sit or stand quietly at 

several metres distance from the birds.  Every few minutes, the distance would be 

decreased by taking a small step towards the birds.  If the birds showed alarm or moved 

away, the person would stop moving and wait for them to settle again, before 

recommencing movement towards them several minutes later.  To familiarise the ducks 

with regular handling, the birds were herded into a small temporary holding area within the 

pen for a brief individual physical examination every second day during the first week and 

then daily during the second week.  The temporary holding area was approximately 1 m x 

1.5 m when in place, and was formed by placing a length of shadecloth (approximately 2.5 

m long) attached to wooden stakes (1 m long) across once corner of the pen, to enable it 

to be erected and removed easily. 

 

Each pen had one BDU positioned at the back, near the nest boxes.  BDUs were constructed 

of melamine particleboard (16 mm thick), with dimensions of 1.0 m (w) x 1.40 m (l) x 60 cm 

(h).  A partition containing a door divided the unit into two compartments (Figure 3.1).  The 

door construction is described in a following section.  One week after the ducks’ arrival, the 

wall at the end of the reward area of the BDU was removed and the door was opened so 

that the ducks could freely explore the unit.  

 

Behavioural demand unit training 

After the habituation period, the birds were trained to learn how to exit from the BDU.  

Each day for three consecutive days, the ducks were herded into the temporary holding 

area.  Each bird was then carried and placed inside the BDU.  The door of the unit was 

open and still without the end wall, so the bird could freely exit through the door back to 

their social group in the main pen.  The procedure was repeated three times on each day, 
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at approximately 5-minute intervals, giving a total of 9 attempts to exit the BDU.  

Successful exits from the BDU and the exit latency were recorded for each attempt. 

 

 

 

Figure 3.1:  Diagram of the behavioural demand unit. 

 

 

 

Developing the behavioural demand method 

The development of the behavioural demand test method began after completion of the 

BDU training, and was comprised of two stages.  In the first stage, two different push 

doors were presented to determine which was most effectively used by the ducks.  In the 

second stage, ducks were required to push against increasing workloads through the door 

most successfully learnt, in order to gauge the physical capacity of the birds to execute the 

behavioural demand task. 

 

The selection of the push-door as the operant task for ducks was made with the same 

rationale as that outlined by Olsson et al. (2002) in their use of the push-door for chickens: 

pushing through a door bears resemblance to the natural behaviour of pushing through 

vegetation to get to a resource.    
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Figure 3.2A shows the construction of a functional door in its entirety.  The doors were 

constructed of clear Perspex, and bolted to the partition in the BDU.  A pneumatic 

doorstopper was coupled to the door’s hinge to moderate the speed of closure once the 

birds had passed through, and to avoid the door slamming down and scaring the birds.  

The door opening was edged with rubber for protection, and to increase visualisation of 

the opening.  A removable crossbar, located at the top of the door near the hinge, could 

receive the weights used in stage 2 (Figure 3.2B). 

 

Stage One: The Effect of Door Type 

A cross-over experiment was used to test the ducks’ ability to use two different doors to 

access a resource.  The two types of door differed in the height of the opening through 

which the birds could put their head and shoulders to see the reward and push the door up 

to pass through.  The two doors, referred to as ”short” and “tall”, differed by the relative 

height of the opening from the ground.  Figure 3.2C indicates the dimensions of the two 

doors.  Birds in each pen were exposed to each of the two doors for three consecutive 

days.   

 

The resource used for this experimental stage was social contact (i.e., allowing the birds to 

return to their social group).   

 

The BD testing routine occurred as described for training (3 attempts allowed on each of 

the 3 days, giving 9 attempts in total), except that the door was closed instead of open, 

and the birds were allowed a maximum of 2 minutes per attempt to exit the BDU to return 

to their group.  Successful exits from the BDU and the exit latency were recorded.  If a bird 

had not exited after 2 minutes, the door was opened and they were allowed to return to 

their group.  All tests were conducted by the same experimenter. 

 

Stage Two: Assessing workload capacity 

Once the most successfully learnt door was identified, weights were progressively added 

to the door so that the work required of the ducks to return to the group was gradually 

increased.  Twelve of the 16 ducks were carried through to this phase.  Four birds failed to 

learn the operant task in stage 1.  Two birds repeatedly jumped out of the box rather than 

exiting through the door, and two birds exceeded the maximum time allowed to exit the 

BDU at all attempts.



  

 
  

5
5
 

 

A 

B

C

Figure 3.2:  Construction of a functional door within the behavioural 

demand unit.  3.2A shows the overall door comprising of a hinge, a 

Perspex door with rubber edging, a pneumatic door stopper to stop 

the door slamming.  3.2B shows the position of the removable cross-

bar that received increasing amounts of weight to measure the effort 

required by the ducks to pass through the door. 3.2C Diagram of the 

two door types tested during the development of the behavioural 

demand method for ducks. 
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Workloads began at 10% of the average bodyweight (BW) of the 12 individuals (average 

3.4 kg, range 3.1 – 4.0 kg, taken the day before presentation of the 10% load), and were 

increased daily in increments of 10% BW to a maximum of 100% BW.  On each day, each 

bird had three attempts to work through the weighted door to return to the group.  As 

above, success to exit and exit latencies were recorded and a maximum of two minutes 

per session was allowed.  Birds that did not pass through the door within this period were 

allowed to return to the group after the door had been manually opened.  A bird was 

deemed to have reached her maximum workload capacity when she failed on all three 

occasions to pass through a given door-weight.  Group, rather than individual, bodyweight 

was used as a matter of expediency, to avoid having to change the door weight between 

every bird, thus minimising the overall time ducks needed to be penned.   

 

All sessions during both stage 1 and 2 were video recorded using a CCTV camera 

surveillance system (Techview QV3034, Jaycar, Perth, Australia).  Behavioural 

observations were collected from the video footage using the software Interact (Interact, 

version 14.0, Mangold International, Arnstoff, Germany).  For both stages, the number of 

times a duck looked through the door (“look”), used its bill to investigate the door (“pecks”), 

or attempted to pass through the door (“push”) was recorded, as well as the duration of 

each interaction and the latency to the first interaction with the door after entering the 

BDU.  In addition, for stage 2, the latency to exit through the door at each workload was 

also measured. 

 

Statistical Analysis 

All statistical analyses were performed using R software (version 3.4.2, R Development 

Core Team, 2017).  Data were assessed visually, and where required were log-

transformed to normalise the distribution.  Where regression analyses were used, model fit 

was assessed by examining the distribution of residuals, to determine if any overly 

influential observations were present.  Model correlation structures were also assessed 

using the log likelihood test statistic. 

 

Training 

A repeated measures ANOVA was used to determine if the exit latency differed between 

the 3 days.  The explanatory variables of day, pen, and attempt were individually 

regressed to determine if they were significantly associated with the outcome variable (exit 

latency).  Interactions between explanatory variables were also explored, though none 
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were significant.  Significant variables from this screening stage were included in the final 

model.  An error term of bird nested within attempt was included in the final model, to 

account for the non-independence of the data.   

 

The effect of door type 

Two birds were excluded from the analysis, as they consistently jumped out of the box 

rather than exiting through the door.  Chi-square tests were used to compare the 

proportion of successful exits made by birds in each pen through each door type.  

McNemars tests were used for within-pen comparison of the number of successful exits 

through each door, based on whether or not the bird exited through each door at each of 

the nine attempts. 

 

Mann Whitney U tests were used for between-pen comparisons to determine the median 

attempt number (1-9) that birds first exited through the first door presented (tall for pen 1, 

short for pen 2) and the second door presented (short for pen 1, tall for pen 2).  Wilcoxon 

signed-rank tests were used for within-pen comparison of the attempt number (1-9) that 

birds first exited through each door type.  The latency to exit through each door type was 

compared within pens using Wilcoxon signed rank tests.  Mann Whitney U tests compared 

exit latencies between pens for each door type.  Exit latency data were the average of 

each duck’s 9 attempts at each door, and were analysed using non-parametric methods 

due to the complex data structure, and difficulties with data normalisation. 

 

The number of looks, peck and pushes at the door were combined to create a new 

variable called “interactions” because all parameters had low frequencies.  Poisson 

regression was used to assess the number of interactions that occurred for each door type 

in each pen.  Linear mixed effects models were used to investigate the latency to first 

interaction with the door and mean duration of interactions.  For all models, the 

explanatory variables door type, pen, attempt number, and day were individually regressed 

to determine if they were significantly associated with the outcome variable (number of 

door interactions, latency to first interaction or mean duration of door interaction).  

Interactions between explanatory variables were also explored.  Variables or interactions 

that were significant were carried through to the final model.  Bird, nested within attempt 

was included as a random effect in all the final models, to account for the non-

independence of the data.  Where the variables attempt and day were not significant in the 

initial screening model, they were included in the random effect term. 
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Assessing workload capacity 

Two of the 12 selected ducks were excluded from data analysis, as they did not complete 

the series of workloads due to lameness.  Eight of the 10 remaining ducks completed all 

workloads.  The behavioural variables “looks” and “pecks” were again combined to create 

the variable “interactions”.  The number of door pushes was held as a separate variable for 

this stage in order to explore if increasing workload affected the number of pushes 

performed by the ducks before exiting the BDU. 

 

Using data from the 8 birds that completed all workloads, linear mixed effects models were 

used to investigate the exit latency, latency to first interaction with the door and mean 

duration of interactions.  Poisson regression was used assess the number of door 

interactions that occurred, and the number of pushes made to exit the BDU at each 

workload.  For all models, the explanatory variables workload, pen, attempt number, and 

individual bodyweight were regressed separately to determine if they were significantly 

associated with the outcome variable (exit latency, number of door interactions, latency to 

first interaction or mean duration of door interaction).  As before, interactions between 

explanatory variables were explored.  Variables or interactions that were significant at this 

stage were carried through to the final model.  Bird was included as a random effect in all 

the final models, to account for the non-independence of the data.  Where the variables 

attempt and day were not significant in the initial screening model, they were included in 

the random effect term.  For all explanatory variables, the 10% workload was taken as the 

baseline value against which all other workloads were compared.   

 

3.3 Results 

 

Training 

All 16 birds successfully exited through the open door on all nine attempts over the three 

training days.  There was no difference in the exit latency from the BDU over the three 

days of training.  The mean exit latency from the BDU, for all 9 attempts for all birds over 

the three days was 9.74 seconds (SD ± 35.17 seconds). 
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The effect of door type 

Door exits 

There was an effect of pen on the proportion of successful exits through the short door 

(0.79 for pen 1 vs 0.17 for pen 2, χ2 = 48.85, df = 1, p < 0.0001; Figure 3.3A) but not the 

tall door (0.81 vs 0.92, χ2 = 2.73, df = 1, p = 0.10; Figure 3.3A).  In pen 1, the exit success 

was similar between tall and short doors (χ2 = 0, df = 1, p = 1), but in pen 2 the exit 

success was greater through the tall door than the short door (0.92 vs 0.17, χ2 = 39.02, df 

= 1, p < 0.0001, Figure 3.3A). 

 

Birds in pen 1 took fewer attempts to first exit through the first door type offered (tall) 

compared with the number of attempts taken by birds in pen 2 to first exit through the first 

door offered (short) (1 vs 7.5, test statistic W = 5.5, p = 0.01).  The number of attempts to 

first exit was similar between pens when the second door type was offered (short in pen 1, 

or tall in pen 2; p = 0.5).  In pen 1, the number of attempts to first exit was similar for both 

door types but, in pen 2, the number of attempts to first exit was greater for the first door 

offered (short) than for the second door offered (tall) (7.5 vs 1, test statistic V = 21, p = 

0.03). 

 

Twelve of the 16 birds (75%) were considered to have successfully learnt to use a push-

door at the completion of this stage, based on successfully exiting through the tall door at 

least 5 out of 9 possible attempts (range 6 – 9 successful exits).   

 

Exit latencies 

Differences between exit latencies are shown in Figure 3.3B.  There was no difference in 

the exit latency of birds in pen 1 between the tall and short door.  Birds in pen 2 took 

longer to exit through the short door compared with the tall door (114 s vs 32.85 s, V = 21, 

p = 0.03).  There was no difference in the exit latencies between pens for the tall door.  

Birds in pen 1 exited through the short door faster than birds in pen 2 (median value 24.57 

s vs 114.00s, W = 4.5, p = 0.01).   
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Figure 3.3:  A) The proportion of successful exits made by ducks through each door type in pen 1 and pen 2.  

Pen 1 was presented with the tall door first, then the short door; pen 2 was presented with the reverse order 

Plots with the same letter indicate no significant difference between the median values (p > 0.05); B) The 

latency to exit of ducks through each door type, stratified by pen. Plots with the same letter indicate no 

significant difference between the median values (p > 0.05). 
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Interactions with the door 

All birds interacted with both door types at least once during the nine exposures to each 

type.  Interactions occurred more often with the short door than the tall door.  There was a 

significant main effect of door type on the number of interactions (transformed model 

estimate = 1.34 interactions, p < 0.001; Table A1) with ducks interacting with the short 

door more frequently than the tall door.  For pen 1, the number of interactions with the 

short door was 4.3 (SE = 0.34) compared with 3.2 (SE = 0.19) interactions with the tall 

door.  For pen 2, the number of interactions with the short door was 5.5 (SE = 0.36) 

compared with 2.3 (SE = 0.18) interactions with the tall door.  There was also a significant 

door x pen effect (transformed model estimate = 1.73 interactions, p < 0.001; Table A1).  

The latency to first interaction and the duration of interactions were not different between 

door types. 

 

Assessing workload capacity 

Eight of the 10 ducks successfully passed through the weighted door at all levels from 10-

100% of bodyweight.  Two of the 10 ducks failed to pass the door at all three attempts of 

the 80% workload, and so were deemed to have reached their maximum capability at this 

point and were not exposed to the 90% and 100% workloads.  These 2 birds made an 

average of 3.3 pushes to pass the door at 80%, compared with 1.3 pushes at lighter 

workloads.   

 

Exit latencies 

The exit latencies for all birds at each workload are presented in Figure 3.4.  Exit latencies 

were significantly longer at 90% and 100% bodyweights than the 10% baseline (90% 

mean = 13.89 s ± SE 3.67 s, transformed model estimate = 1.60 s, p < 0.01; 100% mean= 

12.96 s ± SE = 2.51 s, transformed model estimate = 1.57 s, p < 0.01; Table A2)  

 

Interactions with the door 

The number of interactions with the BDU door across workloads is shown in Figure 3.5.  

The number of interactions at 90% was 3.25 (SE = 0.87) and at 100% was 3.33 (SE = 

0.55) and both were significantly more than the number of interactions at the 10% baseline 

(transformed model estimates: 90% = 2.39 interactions, p < 0.001; 100% = 1.86 

interactions, p = 0.02; Table A3).  There was also a significant load x pen effect at 80, 90 

and 100% workloads, with birds in pen 2 having fewer interactions with the door at these 

workloads compared with birds in pen 1 (Table A3).   
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Figure 3.4:  Raw mean latency to exit (in seconds) for ducks that completed all workloads (n=8).  Vertical 

lines indicate the standard error of the mean.  Values with “**” above indicate significantly longer latency 

compared to 10% workload at p < 0.01, based on linear mixed effects modelling. Interactions with the door. 

 

 

 

Figure 3.5:  Mean number of door interactions (either looks or pecks) by all ducks that completed all 

workloads (n=8).  Vertical lines indicate the standard error of the mean.  Values with “*” above were 

significantly different from 10% workload at p < 0.05, and those with “***” above at p< 0.001, based on 

results of Poisson regression. 
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Figure 3.6:  Raw mean duration of interactions (looks or pecks, in seconds) with BDU door for all ducks that 

completed all workloads (n=8).  Vertical lines indicate the standard error of the mean.  Values significantly 

different than 10% workload are indicated with “*” above at p < 0.05, “**” at p < 0.01 and “***” at p < 0.001, 

based on linear mixed effects modelling.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7:  Mean number of door pushes (mean± se) required to exit the BDU by all ducks that completed all 

workloads (n = 8).  Vertical lines indicate the standard error of the mean.  Values with “*” above were 

significantly different from 10% workload at p < 0.05, based on Poisson regression. 
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The duration of interactions with the door across all workloads is shown in Figure 3.6.  

Durations were shorter at 20% (1.23 ± SE 0.13 s; model estimate = 0.84 s, p = 0.01; Table 

A4), 40% (1.06 ± SE 0.08 s; model estimate = 0.79 s, p < 0.001; Table A4), 60% (1.28 ± 

SE 0.12 s; model estimate = 0.86 s, p = 0.03; Table A4), 80% (1.16 ± SE 0.10 s; model 

estimate = 0.83 s, p = 0.004; Table A4) and 100% (1.04 ± SE 0.12 s; model estimate 0.77 

s, p < 0.001; Table A4) workloads, when compared to the 10% baseline. 

 

The latency to the first interaction with the door was different only at the 70% workload 

(mean value 3.90 s ± SE 2.59 vs 5.08s ± SE 3.77 at 10%, p = 0.03). 

 

Pushes at door 

The number of pushes made by ducks to exit the BDU at each workload are shown in 

Figure 3.7.  There were significantly more pushes made to exit at 90% (mean = 1.75 ± SE 

2.4, p = 0.03; Table A5) and 100% workloads (mean = 1.71 ± SE 1.76, p = 0.04; Table A5) 

compared with the 10% workload. 

 

3.4 Discussion 

 

The study aim was to develop a behavioural demand method for ducks.  The use of the 

push-door as an operant task for ducks has been validated in this study.  Stage 1 of the 

study demonstrated that most ducks are capable of learning an operant task, but found 

that the ducks’ willingness to perform the task was influenced by the presentation order of 

door design.  Stage 2 of the study confirmed that the ducks were able use the chosen door 

design to gain access to a resource, and were willing to exert increasing effort in order to 

do so.   

 

The hypothesis that ducks would be capable of learning an operant task was supported.  

Successful learning of the push-door task occurred in 12 of 16 birds (75 %).  This success 

rate is consistent with those found in other poultry species; previous studies of behavioural 

demand in poultry have had learning success rates of between 70 and 100% (Cao et al., 

2014; Cooper & Appleby, 2003; Kruschwitz et al., 2008; Wichman & Keeling, 2008).  

Chickens have used a push-door to gain access to food (Cooper & Appleby, 2003), nests 

(Cooper & Appleby, 2003; Kruschwitz et al., 2008), and dustbaths (Wichman & Keeling, 

2008; Widowski & Duncan, 2000).  Quail were also adept at working through a push-door 
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for access to a dustbath (Cao et al., 2014).  The learning capacity demonstrated by the 

ducks in this study also supports previous evidence of learning occurring in ducks (Freire 

& Birch, 2010). 

 

The hypothesis that ducks would be willing to exert increasing effort to access a resource 

was also confirmed.  Eight of 10 ducks were willing to push 100% of the average 

bodyweight, with 2 birds pushing up to 80% in order to regain access to their social group.  

Ducks, like other poultry species, are highly social (Mench, 2009), this behavioural 

characteristic being retained from their gregarious Mallard ancestor (Cherry & Morris, 

2008).  Their willingness to exert increasing effort to return to their group indicates that 

ducks are motivated to avoid isolation, and that social contact is of importance to them.  A 

previous study has shown that chickens will use a push door to access other birds, 

although it is not clear whether they were prepared to exert increasing amounts of effort in 

order to do so (Duncan & Kite, 1987).  The motivation for several other social species to 

work for social contact has also been shown through the use of behavioural demand 

methods.  Rabbits and hamsters worked as hard for access to a conspecific as for food 

(Borland et al., 2017; Seaman et al., 2008).  Ferrets assigned high importance for social 

contact when offered several different enrichment opportunities (Reijgwart et al., 2016), 

whilst both calves and horses were willing to perform increasing workloads to gain partial 

and full physical contact with conspecifics (Holm et al., 2002; Søndergaard et al., 2011).  

Thus, the findings of the current study indicate that social contact in ducks is a valued 

resource, as it is with other social species.   

 

The results on door type highlights the importance of ensuring the features of a 

behavioural demand apparatus can be learnt and used willingly by the intended subject.  

The relative reluctance of birds in pen 2 to use the short door when it was first presented, 

but subsequent willingness to exit through the tall door, is an effective demonstration of 

how design can influence an animal’s performance of the operant response.  Earlier work 

in pigs showed a similar phenomenon; use of a paddle manipulanda resulted in greater 

amounts of a food reward being consumed by pigs, compared to the more commonly used 

nose-panel, and was shown to be the preferred way by which pigs accessed the food 

reward when offered both options simultaneously (Young et al., 1994).   

 

Without considering design features, the reluctance of birds in pen 2 to use the short door 

could be misinterpreted as a lack of motivation.  However, given that all birds interacted 
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with the short door, and there were significantly more interactions with this door than the 

tall door, this seems an unlikely explanation.  The greater number of interactions with the 

short door may be an indication that the birds were persistent in trying to decide if they 

were capable of using the door.  Persistence is often related to success, as a greater 

range of manipulations increases the likelihood of a successful solution (van Horik & 

Madden, 2016).  In this instance, although success was poor, the ducks’ persistence 

suggests that they were motivated but reluctant to use the door – in effect, performing a 

cost-benefit analysis.  This may be because they perceived the door as too small or too 

uncomfortable to pass through and therefore were unwilling to use it.  Alternatively, it may 

be that had the time to exit not been censored, the birds may have persisted until they 

exited.  Spatial (such as the door height) or temporal (censored time) issues have 

previously been proposed to contribute to an animal’s impaired learning of an operant task 

(Dawkins & Beardsley, 1986).  Thus, these issues, rather than a lack of motivation, could 

explain the low success rate in this instance, particularly when compared with the 

significantly better success rate these same birds demonstrated with the tall door. 

 

Other possible, but less likely, explanations for the poor success of birds in pen 2 with the 

short door include neophobia or a lack of prior experience (van Horik & Madden, 2016).  

Both of these explanations are unlikely, given that all birds were habituated to the BDU 

and were successful at exiting during the training period.  It is possible that birds could 

have exhibited neophobia to the door, as this was the one component they were not 

familiar with.  However, it is unlikely that all individuals in pen 2 were neophobes that were 

inadvertently grouped together in the same pen.  A lack of experience also seems an 

unlikely explanation, given that all birds had no prior experience of pushing through the 

door, yet birds in pen 1 were willing to engage and exit through the tall door as early as 

their first attempt.   

 

The equivalent performance on both doors by birds in pen 1 indicates that prior experience 

of success at a task can lead to success when presented with another similar task.  

Previous work with pheasants has also demonstrated this: pheasant chicks performed 

equally well when presented with two operant tasks that required them to use the same 

motor patterns to gain a food reward, but varied slightly in the apparatus set-up (van Horik 

& Madden, 2016).  In these experiments, the pheasants’ likelihood of success on the 

second apparatus was predicted by their success on the first.  These findings, in 

conjunction with the current study, indicate that birds can use cognitive processes to learn 
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and adapt behaviour patterns.  The ducks’ response to the new, shorter door height can 

be considered as early-stage behavioural shaping, as they were required to modify an 

established behaviour to gain the same outcome (Domjan, 2018).  Alternatively, the similar 

success rates between the door types could be similar to the situational optimism 

demonstrated in people, where an individual that has had previous success in a given 

situation expects to be successful in future similar situations (Armor & Taylor, 1998).  

Understanding an animal’s life history prior to beginning behavioural demand testing could 

therefore be valuable in identifying experiences that may influence its ability to perform the 

specified task. 

 

It has also been contended that individual success on similar operant tasks could be due 

only to non-cognitive goal-directed factors during each test (motivation to access the 

reward), rather than a cognitive learning process (van Horik & Madden, 2016).  If non-

cognitive processes are responsible for the similar outcomes between the two doors in pen 

1, this suggests that the ducks did not consider the two door types significantly different, 

so-called “stimulus equivalency” (Green & Saunders, 1998), and that their success was 

due only to their level of motivation to return to their group.  However, it is hard to explain 

why the order of door presentation should make such a difference to performance between 

the two pens if stimulus equivalency was generalised across both groups. 

 

Ducks were required to exert more physical effort at 90 and 100% workloads to exit the 

door and return to their social group.  This is shown by the greater number of pushes 

made by the ducks at these workloads, which also explains the increased exit latencies 

seen at these workloads.  The findings also indicate that ducks may be capable of exerting 

forces on the push-door greater than 100% of their body weight.  Although 2 of the birds 

failed to pass the 80% BW workload, the remaining 8 birds were successful on all attempts 

up to the 100% workload.  The decision to test ducks only up to 100% of the average 

group bodyweight was derived from information in existing literature of chickens and quail.  

Based on the assumption that the average bodyweight of light hybrid breeds is 

approximately 1.5 kg, and that of medium hybrids is 2.0 kg (Appleby et al., 2004), chickens 

generally reach their maximum workloads at 80-90% of bodyweight (Kruschwitz et al., 

2008; Petherick & Rutter, 1990; Wichman & Keeling, 2008; Widowski & Duncan, 2000).  A 

recent study in quail found that only 9 of 15 quail passed through a push-door when the 

resistance approximated 80-90% of their bodyweight, whilst only 2 of 15 passed through 

the door when the resistance exceeded their bodyweight (Cao, 2013).  Based on these 
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findings in other poultry species, we elected to test only up to 100% of the average group 

bodyweight of the ducks for this developmental protocol.  However, it may be necessary in 

future applications of the method to use weights greater than 100% bodyweight in order for 

it to be discriminative enough when determining the importance of a resource to the bird.  

A similar issue has been described previously when trying to determine the importance of 

various resources to farmed mink: at weights that approximated the minks’ bodyweight, it 

was not possible to determine how important 5 of 7 resources were to mink, as the 

maximum price paid for all was equivalent (Cooper, 2004).  In a second study, higher 

costs (door weights up to almost twice the bodyweight) were imposed in attempt to 

improve discrimination between resources.  This second experiment successfully 

demonstrated that mink were willing to pay the highest costs for food and swimming water 

and the lowest cost for novel toys and familiar objects (Cooper, 2004), providing a clear 

example of how effective behavioural demand testing can be for informing our 

understanding of animal needs when refinements are applied to the method in a given 

circumstance. 

 

The greater number of interactions at 90% and 100% workloads indicates that ducks are 

actively re-assessing their willingness to exit the door, based on their need to exert 

increased effort at those workloads.  Taken together with the increased pushing, these 

results demonstrate the essence of the behavioural demand method: the strength of an 

animal’s preference for a resource is reflected by the amount they are willing to pay for 

access to it (Dawkins, 1983).  The significance of social contact to ducks cannot be 

concluded based on the results of this study alone, for two main reasons:  A) a maximum 

workload at which the ducks ceased to work for social contact was not attained; B) the 

study was conducted in an open, not closed, economy (Cooper, 2004; Mason et al., 

1998a), as they were housed in groups outside of the study times.  However, a broad 

interpretation of the relative value of social contact compared with other resources tested 

in future studies could be made: if ducks are not willing to push 100% of bodyweight, the 

resource is of less significance to them than social contact, and if 100% of bodyweight is 

exceeded, then the comparative resource can be considered to be at least as important as 

social contact.   

 

Aspects of the methodology used here vary from those used in previous behavioural 

demand tests of birds, and consideration should be given as to why.  Typically, food 

rewards are often used in food-deprived animals undergoing the early stages of 
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behavioural demand training and development.  However, because the ducks were 

housed in well-grassed pens where they were free to forage pasture and insects, 

achieving consistent levels of food deprivation was not considered feasible.  As ducks are 

a highly social species (Mench, 2009), regaining social contact was therefore chosen as 

the reward. 

 

Key-pecking is the other operant task that has previously been used for behavioural 

demand investigations in birds (e.g. Dawkins & Beardsley, 1986).  Key-pecking relies on 

action patterns associated with foraging behaviour.  Key-pecking was deemed as 

unsuitable for ducks, as they use side-to-side filtering movements and nipping with their 

bill tip (Dawson et al., 2011) rather than the pecking movements used by chickens and 

pigeons.  As such, the push-door task was chosen.  In a critical evaluation of the push-

door method, the relative advantages and disadvantages of weighted doors and 

electromagnetic latch doors were discussed (Olsson et al., 2002).  While the weighted 

doors, with a small opening to allow the bird to identify the presence of the reward and 

push the door, have been used for several investigations of motivation in hens (Duncan & 

Kite, 1987; Follensbee, 1992; Widowski & Duncan, 2000), we needed to adapt the design 

to duck morphology and behaviour.  The weighted door allows for a preferred constant 

resistance that the bird is required to work against as opposed to the sudden “giving way” 

of electromagnetic designs.  However, the placement of the weights at the bottom of the 

door is regarded as a disadvantage because the resistance needed to open the door 

actually increases as the bird pushes through (Olsson et al., 2002).  Given that it is 

desirable to maintain a constant resistance, the door used in this study was designed to 

have the weights positioned as near to the pivot point as possible, to avoid the issue of 

rotational inertia. 

 

3.5 Conclusions 

 

A behavioural demand test for ducks, using a push-door as the operant task, was 

successfully developed and validated.  Ducks, like other poultry species, have 

demonstrated capability in learning operant tasks, with a learning success rate of 75% in 

the current study.  Social contact is a resource of importance to ducks, as demonstrated 

by their willingness to exert increasing effort in order to return to their social group, 

although the maximum price they are willing to pay is not yet clear.  The developed test 
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should be suitable to investigate ducks’ motivation to access a variety of resources, 

including food, nest sites, water and social contact. 
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4 PEKIN DUCKS ARE MOTIVATED TO ACCESS A 
NEST SITE, AND EXHIBIT A STRESS-INDUCED 

HYPERTHERMIA WHEN UNABLE TO DO SO 

 

 

 

 

 

Still frame from video recording of a Pekin duck pushing through a weighted door to access 

her nest site. 
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4.1 Introduction 

 

In commercial farming systems, breeding Pekin ducks are provided with nest boxes at 

floor level in which to lay eggs.  An issue for the industry is that eggs may be laid on the 

floor instead of in the nest boxes, a behaviour referred to as floor-laying.  Factors that 

contribute to floor-laying in Pekin ducks have not been well researched.  There is some 

evidence that competition contributes to floor-laying (Barrett et al., 2019; Chapter 2).  

There is also evidence that ducks prefer to lay in nests that already contain eggs, and 

nests that are better concealed (Makagon & Mench, 2011; Makagon et al., 2011), but little 

is otherwise known about what contributes to their choice of nest site.  Birds should be 

very motivated to seek out an appropriate nest site in which to lay their eggs, due to the 

hormonal regulation of the egg-laying cycle (Mench, 2009).  However, the motivation of 

commercially housed Pekin ducks to use nest boxes, and whether the level of motivation 

is associated with floor-laying, has never been assessed.  

 

Measuring an animals’ motivation to perform a behaviour can inform us about their 

experience of their environment.  A positive affective state will result when an animal can 

express a behaviour that it is strongly motivated to perform, whereas an inability to 

express that behaviour is likely to result in a negative affective state (Mason & Bateson, 

2009).  The latter is associated with poorer welfare outcomes.  Thus, by understanding the 

motivation of a duck for a nest site, we may be able to identify what management 

strategies might help to minimise floor-laying.  The implementation of such strategies could 

result in both greater production efficiency and improved welfare outcomes, as birds will 

have improved opportunity to express nesting behaviour.  

 

An animal’s level of motivation, and thus need, for a resource can be assessed using 

behavioural demand methods that require an animal to pay an increasing cost for a 

resource (Dawkins, 1990).  Early literature proposed that behavioural demand curves 

could be used to determine the “elasticity” of demand for a resource.  However, because 

such curves rely on a rate of change relationship, whereby the amount of resource 

consumed must co-vary with the increasing “price” paid (Mason et al., 1998a), it was later 

proposed that other measures of demand, such as the maximum cost (or “reservation 

price”) an animal is willing to pay for a resource, may be a better measure for resources 

that might be considered “all or nothing” (Mason et al., 2001; Olsson et al., 2002).  A bird’s 
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access to, and use of, a nest site may be considered an “all or nothing” resource.  The 

motivation of chickens to access a nest site has been well-studied using behavioural 

demand techniques (e.g. Cooper & Appleby, 2003; Weeks & Nicol, 2007), and the lack of 

a suitable nest site leads to behavioural indicators of frustration (Mason & Burn, 2011).  

Projects such as LayWel (Danish Institute of Agricultural Science, 2006) have used the 

findings of such studies to form solid recommendations that laying hens should be 

provided with an appropriate nesting site because they have a primary behavioural need 

for one.  Whether the need for a suitable nest is of high importance to laying Pekin ducks 

has yet to be determined.  However, a behavioural demand method for ducks has recently 

been developed that should be suitable for investigating this question (Barrett & Blache, 

2019; Chapter 3). 

 

Alongside behavioural demand techniques, physiological quantification of the stress that is 

associated with an animal’s inability to obtain a resource can provide further evidence that 

a particular resource might be considered a behavioural need (e.g. Mason et al., 2001).  

The most commonly used physiological indicator of stress is the measurement of 

glucocorticoid hormones (Blache et al., 2017) of which corticosterone is most often used in 

birds.  Traditionally, blood is sampled to obtain plasma concentrations of the hormones, 

but this requires physical handling of animals for sample collection.  Such handling is a 

stressor in itself and can contribute to changes in the hormones of interest (Cook, 2012).  

Other sample types, such as egg albumen, offer a non-invasive means of determining the 

physiological impact of a particular stressor on corticosterone levels (Downing & Bryden, 

2008; Royo et al., 2008), and the concentrations of corticosterone in egg albumen are 

correlated with those in plasma (Downing & Bryden, 2008).  In chickens, corticosterone 

concentration in egg albumen has been used to explore the correlation between pre-laying 

activity and corticosterone levels (Cronin et al., 2012), and to investigate the stress 

response to single vs group housing (Royo et al., 2008), handling, increased ambient 

temperatures, and moving hens between cages (Downing & Bryden, 2008).  The use of 

corticosterone in egg albumen as an indicator of stress has not previously been reported in 

Pekin ducks. 

 

Another means of remotely quantifying the physiological response to a stressor is to 

assess changes in core body temperature (Tc).  The elevation of Tc that results from being 

exposed to a stressful event is known as stress-induced hyperthermia (SIH).  The 

elevation of body temperature occurs as part of the body’s preparation to respond to 
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stimuli in the surrounding environment, and is typically of smaller magnitude and shorter 

duration than the elevation of body temperature that results due to fever (Bouwknecht et 

al., 2007).  In many animal species, SIH has been recorded in response to a variety of 

stressors, such as the handling of pigeons, eider ducks, and bats (Bittencourt et al., 2015; 

Cabanac & Guillemette, 2001; Muise et al., 2018), the prolonged restraint of Pekin ducks 

(Gray et al., 2008), open field tests in sheep and rats (Pedernera-Romano et al., 2010; 

Soszynski et al., 1998), and exposure to social stress in rats and tree shrews (Kohlhause 

et al., 2011; Lkhagvasuren et al., 2011).  The use of SIH as an indicator of stress has also 

been shown to correlate well with other physiological stress indicators, such as measures 

of HPA axis activity (Blache et al., 2017).  As far as it is possible to determine from the 

existing literature, Tc measurements have never been used to determine whether animals 

exhibit SIH during a behavioural demand test.    

 

The aims of this study were: 

1) to use behavioural demand methods to assess the motivation of laying Pekin 

ducks to access an established nest site.  

2) to investigate whether ducks exhibit signs of stress or frustration in response to 

increasing cost, and ultimately the inability to access their nest site, quantified 

through changes in behaviour, egg corticosterone, and Tc.   

 

It was hypothesised that ducks  

1) would be highly motivated to gain access to a nest site and so perform 

increasing amounts of work until they were physically incapable of doing so, and  

2) that a stress-like response would be exhibited when they were unable to access 

the nest, indicated by changes in behaviour, Tc, and concentrations of 

corticosterone in eggs.  

 

Twelve laying Pekin ducks that had previously been trained (see Chapter 3) to use a 

custom-built behavioural demand unit (BDU) were used.  After allowing the ducks to 

establish a nest site within the BDU, the ducks were required to perform increasing 

amounts of work to open a push-door to gain entry to their nest.  The ducks were video-

recorded every night in the BDU, and behavioural data were analysed to determine how 

increasing workload and the inability to access their nest site affected their behaviour 

towards the push door.  Data loggers were surgically implanted into the coelomic cavity of 

the birds two weeks prior to the experiment, and recorded Tc every 5 minutes.  The 
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associations between passing, or attempting to pass, the door and the incidences of SIH 

were identified.  Eggs were collected daily to determine concentrations of corticosterone in 

egg albumen. 

 

4.2 Methods and materials 

The procedures and experimental design were approved by the University of Western 

Australia’s Animal Ethics Committee (RA/1/300/1338). 

 

Animals and housing 

The twelve female Pekin ducks that completed stage 2 of the behavioural demand 

development (Chapter 3) were used for the present experiment, as they had learned the 

operant push-door task.  Up until the time of surgery, the ducks were housed in the same 

two outdoor pens described in the previous chapter, with 6 birds in each pen, during which 

time they underwent habituation to longer time periods in the BDUs (see next section).  

After surgery, all 12 birds were held for a two-week recovery period in a single pen 

adjacent to the original two pens.  This pen was of the same construction and dimensions 

as the others.  After the two-week recovery, groups of four birds were placed into each of 

the three pens.  Each pen contained four BDUs placed under the shade-cloth roof.  To 

mitigate stress due to social isolation, the BDU was modified from the original design in 

Chapter 3, such that it consisted of two solid walls, and two steel mesh walls that allowed 

the ducks to have visual, olfactory, and physical contact through the mesh (Figure 4.1).  As 

before, the BDU was divided into two sections by a partition containing the push-door.  

The holding area contained food and water, and the “reward” area contained a nest box 

(referred to as the nest area hereafter; Figure 4.2).  Each unit was further protected with a 

corrugated iron shelter (approx. 1200 mm height x 1100 mm width x 1600 mm length) that 

provided additional weatherproofing (Figure 4.1).  During the day, the ducks had free 

movement throughout their pen.  As before, the ducks were fed once daily with a standard 

ration of chicken layer pellets, as well as being free to forage within the pens, and were 

provided with both fresh drinking water and open water troughs for bathing.  At night, the 

ducks were individually housed in their own BDU.  Each bird was weighed weekly, with the 

weight range being 2.7 – 4.1 kg at the beginning and 2.8 – 4.2 kg at the completion of the 

experimental protocol.   
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Habituation to increased time in behavioural demand units 

Prior to the experiment, the ducks were habituated to spend an extended period of time 

alone in the BDUs.  This was done to habituate the birds to social isolation because they 

were required to be individually housed in the BDUs overnight during the experimental 

period.  Over a two-week period, each duck was placed in a BDU for gradually longer 

times.  One BDU was placed in each pen with food and water provided.  An individual bird 

was then held in the BDU, while the remaining three birds in each pen at any time were 

free to engage in their normal activities.  Time periods began at 10 minutes on day 1 and 

increased by 10 minutes each day for the first week.  In the second week, the time period 

was increased by half an hour every two days, so that by the end of the habituation period 

the ducks had spent 2.5 hours in the BDU by themselves.  Outside of the daily habituation 

schedule, the birds remained together in their group and routine management was 

undertaken. 

 

Core temperature data loggers 

Prior to surgical implantation, the data loggers (DST micro-T, Star ODDI, Iceland) were 

programmed to record body temperature every 5 minutes for the duration of behavioural 

demand testing.  They were then sterilised by soaking in a chlorhexidine solution for a 

minimum of 48 hours before the surgery, prior to implantation into the coelomic cavity. 

 

Two days prior to surgery, the birds were brought indoors and individually housed in cages 

that were 870 mm length x 740 mm width x 600 mm height (F-suite, Techniplast, 

Australia).  On the day of surgery, each bird was given an intramuscular premedicant of 

butorphanol (1.5 mg/kg, Butorgesic, Ilium Veterinary Products, Australia) and midazolam 

(0.2 mg/kg, Hypnovel®, Roche, Australia), as well as pre-operative meloxicam (0.5 mg/kg 

Metacam®, Boehringer, Australia) that provided extended analgesia.  Once the 

premedication had taken effect (15-20 minutes), the duck was anaesthetised by delivering 

isoflurane (IsofloTM, Zoetis, Australia) and oxygen via an anaesthetic mask.  When an 

appropriate depth of anaesthesia was achieved, an endotracheal tube was placed for 

maintenance anaesthesia (isoflurane and oxygen), and the duck was placed in dorsal 

recumbency to prepare the surgical site. 
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Figure 4.1:  Photograph of two behavioural demand units under corrugated iron shelters in the outdoor pen.  

Each unit was constructed of two solid walls, and two steel mesh walls to improve visibility between birds 

and reduce the stress due to social isolation. 
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Figure 4.2:  Diagram (A) and photograph (B) of the internal arrangement of each behavioural demand unit. 

 

  

A 
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The surgical site was located in the ventral midline of the body, between the anatomical 

landmarks of the caudal sternum and the pubic bones.  The area was plucked of feathers 

and cleaned with a solution of iodine surgical scrub, followed by a chlorhexidine/alcohol 

spray.  A sterile drape was then placed over the site.  A two cm incision was made through 

the skin, subcutis, and muscle layers.  The peritoneum was identified and pierced, to 

ensure placement of the sterile data logger into the body cavity.  The incision was then 

sutured closed in two layers with 3/0 PDS swaged suture (Ethicon, Johnson & Johnson, 

Australia).  The first layer incorporated the peritoneum and muscle layers, using simple 

interrupted sutures; the second layer included the subcutis and skin, using a simple 

continuous suture pattern.  Wound glue (VetbondTM, 3M Animal Care, St Paul, USA) was 

applied to the site to reduce the risk of ducks being able to loosen the knots during 

preening/grooming activities. 

 

Once the skin layer was closed, isoflurane was discontinued and the duck soon woke from 

anaesthesia, whereupon it was extubated.  When the bird was able to sit up on its own, it 

was returned to the cage and monitored every 10 minutes for the next two hours.  The 

following day, the birds were returned to an outdoor pen for a two-week recovery period.  

Meloxicam (0.5 mg/kg/day) was continued for two days post-operatively for additional pain 

control.  Wound sites were checked daily during the recovery period for signs of post-

operative infection.  All birds recovered uneventfully. 

 

Upon completion of the experiment, the ducks were humanely euthanised with 

pentobarbitone (150mg/kg, Lethabarb®, Virbac, Australia) and the data loggers were 

retrieved from the body cavity.  A calibration test was then performed over 8 hours at 33, 

36, 39 and 42°C, before all data was downloaded from the loggers. 

 

Assessing motivation to access a nest site 

After the recovery period, the ducks were held overnight in their individual BDUs to assess 

their motivation to access a nest site.  The birds were typically held in the units between 

18.00 and 07.00 h.  The BDUs contained food and water in the holding area, and an empty 

next box through the door in the reward area (Figure 4.2).  For the first two weeks, the 

door between the holding and nest area was open, to allow the birds to get used to being 

in the units overnight and to establish a nest.  To assess the ducks’ motivation to access 

their nest, a behavioural demand experiment was then conducted, using the method 

established in Chapter 3.  The weight on the door between the holding and reward areas 



 

80 
 

 

was gradually increased, so that the ducks had to work increasingly hard to gain access to 

their nest (Figure 4.3).  The sequence began with the door being closed but unweighted 

(0%), then weights were added to the door in 20% increments of the individual bird’s 

bodyweight (BW).  Each duck was tested with each weight for four consecutive nights.  

Failure was classified as not passing through the door to access the nest for three of the 

four nights of any given weight level.  The intent was to continue testing the birds to their 

maximum pushing capability.  However, after reviewing video footage at the level of 160% 

BW, the decision was made to terminate at that weight, due to safety and welfare 

concerns for the birds.  Instead, the door was fixed in place (“blocked”) so that the ducks 

could put their head through the door, see the nest, and attempt to push, but could not 

pass through.  Birds completed the experiment by either failing a weight level or reaching 

the final night of the experimental schedule. 

 

All of the birds were video recorded every night using a CCTV camera surveillance system 

(Techview QV3034, Jaycar, Perth, Australia).  Behavioural data were collected from the 

video footage using the software Interact (Interact, version 14.0, Mangold International, 

Arnstoff, Germany).  The observation period began when the duck entered the BDU and 

ended one hour after the duck passed the door (for workloads 0-160%), or after the last 

interaction with the door (for nights when the door was blocked).  The behaviours of 

interest are outlined in Table 4.1.  The location of each bird and any eggs laid were 

recorded each morning. 

 

Correlation between duck behaviour and stress-induced hyperthermia 

From the video footage, the time at which a duck passed through the weighted door (for 0-

160% workloads) was identified.  The temperature data within a time window of ± 15 

minutes relative to the time the door was passed were analysed to detect SIH.  For the 

nights when the door was blocked, it was intended to correlate the time of first attempt to 

push through the door with SIH events on all four testing nights.  However, the ducks 

made no attempts to pass the door after the first night, so the association between SIH 

and the first attempt at the blocked door on night 1, and with the first look through the 

blocked door at the nest on nights 2-4, was analysed. 

 

The smoothed temperature (Ts) was calculated for each original core temperature data 

point (Tc) by averaging the temperature data for 12 hours either side of each data point 

(e.g. Ts for 09.00 h is the average of Tc from 21.00 h the previous night until 21.00 h of the 
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same day).  The standard deviation of Ts was also calculated.  Each original temperature 

point (Tc) was deemed to represent an SIH when they were 2.5 x SD higher than the 

smoothed average for that time.  The duration of SIH was defined as the time during which 

consecutive data points were above 2.5 x SD.  The area under the curve (AUC) for an SIH 

event was calculated by adding the temperature differentials (Tc – Ts) for the duration of 

SIH. 

 

 

 

 

 

 

Table 4.1:  Quantified behavioural variables of Pekin ducks during a behavioural demand test. 

Behavioural variable Description 

Interactions with door 
(frequency and duration) 

Duck looks through door (head or beak passes through door), or 
pecks on the door 

Attempts to pass door 
(frequency and duration) 

Duck places head and neck through door, shoulders are engaged 
with the door and duck is seen to exert effort and/or door is seen 
to move. 

 

Latency to pass through 
door 

Time taken between duck’s first interaction with push door to when 
it passes through the door. 

Latency to nest entry Time taken between duck passing through push door to first 
entering the nest site 

 

Frequency of nest visits Number of times duck enters nest site 

 

Time spent in nest Total percentage of time spent in the nest site during the hour after 
passing through the push door. 
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Figure 4.3:  Photo sequence of a female Pekin duck using the behavioural demand apparatus to access her 

nest. 

 

 

 

 

 

Concentration of corticosterone in egg albumen  

A radioimmunoassay was used to measure the concentrations of corticosterone in egg 

albumen, using a method based on that of Downing & Bryden (2008).  Eggs were 

collected daily, the albumen was separated from the yolk and then frozen at -20°C until 

analysis.  Eggs collected on a given morning were considered to be associated with 

events two nights prior to collection, based on the 24 ± hour ovulation – oviposition cycle 

that is characteristic of poultry species (Johnson, 2000)  

 

Extraction of corticosterone 

The albumen samples were thawed and homogenised.  A 0.5-0.7 g sub-sample of 

albumen was placed in a borosilicate glass culture tube (12 x 75 mm, Rowe Scientific, 
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Perth, WA) along with 500 µL of distilled water and vortexed for a few seconds.  Diethyl 

ether (4 ml) was added and vortexed for a further 10 minutes.  The tubes were then kept at 

-20°C for at least 14 h (overnight) to freeze the aqueous phase.  The solvent phase was 

then poured into a new culture tube and the diethyl ether was evaporated under gentle 

heating (40°C) and constant air flow.  The dried tubes were then covered and stored at 

4°C until assay. 

 

The extraction method’s coefficient of variation was 6.5%.  The extraction efficiency was 

72%, and was calculated using five replicates of three individual samples of albumen 

spiked with a small amount (24,000 cpm) of 125I corticosterone.  The samples were 

incubated with the iodinated hormone for two days at 4°C before being processed using 

the extraction method described below.  The amount of iodinated corticosterone was 

counted in the extract reconstituted in 300 µl of PBS. 

 

Corticosterone assay 

The concentration of corticosterone in the extract was measured with the Immuchem 

double antibody corticosterone 125I RIA kit (MP Biomedicals, Orangeburg, NY) using the 

following modified procedure to improve sensitivity.  On day 1, the dried extracts were 

reconstituted in 300 µL of phosphate-buffered saline (PBS, pH 7.5) and vortexed for five 

minutes.  Steroid diluent (75 µL) and 100 µL of the first antibody, diluted 4 in 5 in PBS, was 

added and the samples then incubated overnight at 4°C.  On day 2, 100 µL of 125I tracer 

was added to each tube, and incubated overnight at 4°C.  On day 3, 300 µL of the mixture 

of secondary antibody consisting of 150 µL of kit precipitant plus 150 µL of donkey anti-

rabbit IgG (G4004, Immunodiagnstick, Bensheim, Germany) solution (1/40 in PBS), was 

added to each tube.  The samples were then incubated overnight at 4°C.  On day 4, 0.5 ml 

of 10% PEG solution was added, and the samples were centrifuged at 3,000 G for 25 

minutes.  The supernatant was then decanted and the samples were left to dry overnight.  

On day 5, the radioactivity was counted using a Beckman Gamma counter.   

The assay was validated using two QCs; the limit of detection was 5.2 ng/ml and the 

coefficients of variation were 3.6% for 15.5 ng/ml and 6.5% for 90.1 ng/ml.  

 

Statistical Analysis 

Five of the 12 birds completed all workloads (0%-160% BW) and attempted to pass the 

blocked door.  Only data from these five birds were included for statistical analysis of all 
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data sets.  All data analysis was conducted using R statistical software (R Development 

Core Team, 2017) 

 

Assessing the motivation to access the nest 

The behavioural data were explored graphically to identify potential relationships between 

behaviour and increasing workload or blocking the door.  Where required, the data were 

log-transformed to normalise the distribution, before ANOVA was performed.  Data for the 

latency to enter the nest could not be easily normalised and were not subject to further 

analysis.  Percentage data underwent arcsine transformation prior to analysis.  In all the 

analyses described below, the variable Bird was included as an error term in all final 

models to account for the non-independence of data.   

 

For each behaviour, single explanatory variables (door workload, pen, day) were tested for 

association with the outcome variable across all workloads (number of interactions, 

duration of interactions, number of attempts, duration of attempts, latency to pass the door, 

number of nest visits, percentage of time spent in the nest).  Interactions between 

variables were also assessed and retained in the final model if significant.  Where there 

was a main effect of door workload, Bonferroni post-hoc testing was conducted to identify 

pairwise differences. 

 

For the individual nights of the blocked door, data for the number of interactions with the 

door and number of attempts to open the door could not be normalised, and were not 

suitable for non-parametric analysis.  A descriptive analysis was thus undertaken.  A 

baseline occurrence (mean + 95% CI) of each behaviour was calculated for each bird 

using the data from all four nights of the 0% workload.  The number of attempts or 

interactions each bird had on each night of the blocked door was then compared against 

the bird’s baseline for that behaviour.  Values that lay either above or below the 95% CI 

were identified, and a contingency table of the number of birds that lay below, within, or 

above their CI for each behaviour was created. 

 

Stress induced hyperthermia 

Logistic regression was used to determine the likelihood of hyperthermia being displayed 

by a duck when passing through the door for workloads of 0-160% BW.  The explanatory 

variables of door workload, pen, and day were individually tested for their association with 
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the occurrence of hyperthermia.  Significant effects were retained in the final model.  

Interactions were also explored and retained in the final model if significant. 

 

A separate logistic regression was performed for the blocked door, to determine if the 

likelihood of hyperthermia being displayed varied over the four nights.  The outcome 

variable (number of hyperthermia events) was screened for association with the 

explanatory variables of pen and night.  

 

ANOVA was performed to analyse differences in the AUC of hyperthermia between 

workloads of 0-160% and the blocked door.  A second ANOVA was done to analyse the 

AUC of hyperthermia for the individual nights of the blocked door.  The outcome variable 

(AUC) was regressed against the explanatory variables of workload, pen, and night for 

comparison of all workloads, and against night and pen for the blocked door alone.  

Explanatory variables that were significant were included in the final model.  Interactions 

between explanatory variables were also explored, but none were significant.  Data were 

log-transformed to normalise distributions prior to analysis. 

 

Egg corticosterone concentrations 

ANOVA was performed to investigate if door workload, or not being able to access the 

nest (blocked door), affected the egg albumen corticosterone concentration.  

Corticosterone concentration was individually regressed against the explanatory variables; 

door workload, pen, and night, and explanatory variables were included in the final model 

if significant.  Interactions between explanatory variables were also tested.  

 

4.3 Results 

 

Oviposition site 

Before the doors were blocked, the ducks completing all workloads up to 160% (n = 5) laid 

their eggs in the same location 96.2% of the time (range 94-97.9%) (Table 4.2).  The 

ducks that stopped pushing through the door earlier (n= 4), laid 78% (range 50–96.7%) in 

the same location before ceasing to push the door.  Two birds established nests in the 

holding area in the BDU and never used the door; one laid 97.8% of eggs in a ground nest 

in the holding area while the other laid 63.8% of eggs in a ground nest in the holding area 
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before beginning to use the nest box, where she then laid 34% of her eggs.  There were 

31 occurrences of birds pushing through the door without laying an egg, (Table 4.2). 

 

Motivation to access the nest 

Five of the twelve birds completed all workloads and attempted to pass the blocked door.  

Of the remaining seven birds, two stopped pushing through the door after completing 80% 

and 140% BW workloads, two established nests in the nesting area but did not push 

through the door once it was closed, two established ground nests in the BDU holding 

area and did not pass through the door to the nest area, and one was excluded part-way 

through the experiment due to lameness.  

 

There was a main effect of workload on the number of interactions with the door, with an 

increase in the number of interactions as the door load increased (p < 0.001, Table 4.3; 

Figure 4.4).  The ducks had more interactions at 160% than at the 0-100% workload, and 

at 120% than at 40% and 60% (Table B1).  There was no difference in the number of 

interactions with the blocked door than at any other workload.  The mean duration of door 

interactions was longer on the 120-160% and blocked nights, compared with the 20-60% 

nights (Table 4.3, Table B1). 



 

 
 

8
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Table 4.2:  Site of egg-laying by individual Pekin ducks during a behavioural demand test where they had to perform increasing amounts of work to access their 

nest. Sites where eggs were located were 1) Nest box; 2) Ground nest established in nest area; 3) Floor of nest area; 4) Ground nest established in holding area; 5) 

Floor of holding area. X indicates no egg laid, N indicates bird was found in nest site if egg was not laid, or egg collected from a different location.  Shaded boxes 

indicate the point at which birds were discontinued from the experiment as they either did not establish a nest in the nest area or stopped pushing through the door 

to access their nest site.  Laying locations for discontinued birds have been included for completeness.  “*” indicates that door to the nest box was reopened for 

discontinued birds.   
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Table 4.3:  Results of ANOVAs of duck behaviour. ”*” after a P-value indicates that while the overall ANOVA 

was significant, there were no significance differences identified by post-hoc pairwise testing. 

Behavioural variable F value P value 

Number of interactions with the 

door 6.60 (9, 175) < 0.001 

Mean duration of door interactions 4.97(9, 172) < 0.001 

Number of door attempts 26.97(9,145) < 0.001 

Mean duration of door attempts 9.18(9, 157) 0.02* 

Latency to pass door 25.81(9, 175) <0.001* 

Number of nest visits 5.88(3, 1) 0.29 

Time spent in nest 1.19(8, 157) 0.31 

 

 

 

 

 

 

 

 

Figure 4.4:  Number of interactions that Pekin ducks (n = 5) had with a push-door before passing through it 

to access their nest over increasing workloads.  Numbers presented are the mean across all 4 nights of each 

workload, vertical lines are the standard error. 
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Across all workloads, there was a main effect of both door and day on the number of 

attempts made at the door, and an interaction between door and day.  Ducks made more 

attempts before passing the door at 160% and at the blocked door than at 0-80% 

workloads (Figure 4.5; Table B1).  There were more attempts on day 1 of workloads than 

days 2-4.  There was no difference in the mean duration of attempts (Table B1).  Across all 

workloads, the mean latency to enter the nest after passing the door was 0.05 s ± SD 0.02 

s  

 

 

 

 

 

 

 

Figure 4.5:  Number of attempts made by Pekin ducks (n = 5) at a push-door before passing through it to 

access their nest over increasing workloads.  Numbers presented are the mean for all 5 ducks across all 4 

nights of each workload, vertical lines are the standard error.  
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During the nights when the door was blocked, all five birds attempted to push the door a 

greater number of times than their individual baseline values (Table 4.4).  No attempts 

were made to push through the door on nights 2-4 of the blocked door (Table 4.4, Figure 

4.6).  Three of the five birds also interacted with the door more frequently than their 

individual baseline on night 1 of the blocked door (Table 4.4, Figure 4.6). 

 

 

 

Table 4.4:  Number of ducks (n=5) that expressed behaviours at the same level (=), less often (-) or more 

often (+) than their individual baseline (mean ± 95% CI of behaviour across all 4 nights of 0% workload), 

when performing increasing amounts of work in a behavioural demand unit to access their nest. 

  0%  Blocked 
1 

 Blocked 
2 

 Blocked 
3 

 Blocked 
4 

Behaviour  BASELINE  - = +  - = +  - = +  - = + 

Attempts    0 0 5  3 2 0  3 2 0  3 2 0 

Interactions    0 2 3  0 5 0  0 5 0  0 5 0 

 

 

 

 

 

Figure 4.6:  Boxplot of the number of interactions and number of attempts to pass the door made by ducks 

(n = 5) on the four nights that the door was blocked. 
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There was no effect of workload on the time that ducks spent in their nest site once they 

passed through the door.  On average, the ducks spent 93.78% (SD ± 15.87%) of the time 

after they passed the door in their nest site.  There was no effect of workload on the 

frequency of nest visits (mean = 1.16 ± SD 0.62). 

 

Effect of increasing workloads, and inability to access the nest, on core body 

temperature 

For workloads up to 160% BW, the likelihood of hyperthermia was higher at 80% (OR = 

12.82, p = 0.06), 140% (OR = 33.17, p < 0.001), and 160% (OR = 154.22, p < 0.001) 

compared with 0% (Figure 4.7, Table B2).  When the door was blocked, there was no 

difference in the likelihood of hyperthermia between the first night and nights 2-4 (Figure 

4.7, Table B2). 

 

 

 

 

Figure 4.7:  Proportion of ducks (n = 5) exhibiting hyperthermia over each of 4 nights per workload when 

performing increasing amounts of work to access their nest site (0 -160%) and when unable to access their 

nest (Blocked). 
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The AUC of hyperthermia was larger at workloads of 80% (p < 0.001), 120% (p < 0.01), 

140% (p < 0.001), 160% (p < 0.001), and when the door was blocked (p < 0.001; Table 

B3), compared to the baseline of 0% (Figure 4.8).  The AUC of hyperthermia did not differ 

between nights 2-4 of the blocked door, compared with the first night of the door being 

blocked (Table B3). 

 

 

 

 

 

 

 

 

 

Figure 4.8:  Mean area under the curve of hyperthermia in Pekin ducks (n= 5) when they exerted increasing 

effort to access a nest site (0-160%) or when they were unable to access the nest (Blocked).  Vertical lines 

represent the standard error of the mean. 

 

  



 

93 
 

Concentration of corticosterone in egg albumen 

The concentration of corticosterone present in the egg albumen was not affected by 

workload, or the inability to access the nest site (F(10, 177) = 1.53, p = 0.13, Figure 4.9).  The 

mean corticosterone concentration across all nights was 15.63 (SD = 6.59) ng/ml. 

 

 

 

 

 

 

Figure 4.9:  Concentration of corticosterone in the egg albumen (ng/ml) of ducks collected 2 days after the 

duck pushed through the weighted door to access their nest site (0 -160%).  Workload “Open” indicates that 

ducks had free access to the nest, “Block” indicates that the push-door has been secured to prevent the 

ducks from accessing their nest site. 

 

 

 

 

4.4 Discussion 

 

The aim of the study was to assess the motivation of laying Pekin ducks to access their 

nest, and to determine whether they exhibited frustration in response to a rising cost of 

nest access or the ultimate inability to use the nest.  The hypothesis that ducks are highly 

motivated to access their nest site is supported by the weight the ducks were willing to 



 

94 
 

push, and the increased number of interactions and attempts that occurred, both as 

workload increased and when the door was blocked.  However, the maximum workload 

that ducks were motivated to push through was not determined.  The analysis of core body 

temperature supported the hypothesis that a stress response, most likely due to 

frustration, was observed in ducks when they were unable to access their nest, indicating 

that the nest has value; however, the stress response was not reflected in changes to 

concentrations of corticosterone in egg albumen. 

 

The strong motivation that laying ducks had to access their nest site was indicated firstly 

by their willingness to push through a door weighted up to 160% of their own bodyweight.  

The need to alter the original study design and impose the blocked door, rather than to risk 

the safety and welfare of the five birds by allowing them to continue working at higher and 

higher workloads, was also indicative of the strength of motivation for the nest site that 

was exhibited by these birds.  In fact, all seven birds that established nests in the nesting 

area and used the push door showed willingness to exert physical effort to access their 

nest, with 100% of bodyweight being the lowest weight at which a bird stopped pushing, 

and the next one only stopping when she completed 140%.  Thus, all birds who used the 

push door were motivated to access their nest, although it is evident that some variation in 

the levels of motivation did exist between birds.   

 

There are several possible reasons why the two remaining birds (Birds 6 & 11) that 

established nests in the nest area did not push through the door to enter the nest area 

during the behavioural demand test: the nest site may not have been perceived as 

sufficiently motivating for these birds to pass the door; there may have been a lack of 

association between operant task and reward; or an extinction of the learned operant 

push-door task had occurred.  Low motivation may explain the behaviour of Bird 6, who 

showed approximate equivalency for laying eggs in the nest site and on the ground.  

Reasons for low motivation for the nest site could include genetic variation in the 

expression of nesting behavior, or that this individual viewed the available egg-laying sites 

as equally suitable or unsuitable.  However, Bird 11 showed high nest conservatism before 

the door was closed, (79% of eggs laid in the same location), which suggests motivation 

for the nest.  Alternatively, the birds did not associate the known operant task of pushing a 

door with the reward of nest site access, as the differing reward would have been a new, 

unlearned paradigm.  However, the push-door task does not appear to ask for an 

unassociated operant response to the nest reward, as movement towards a desired 
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resource would be part of the duck’s natural response pattern if sufficiently motivated.  

Such mismatch of task to reward has been highlighted in previous studies, where hens 

appeared to show low motivation for dust bathing when required to peck keys for access; a 

change in the required task to breaking a photobeam demonstrated much higher 

motivation (Dawkins & Beardsley, 1986).  A more likely explanation of the ducks’ failing to 

pass the door when first closed is an extinction of the learned operant push-door task, as 

the task was not reinforced between training during the BDU development protocol 

(Chapter 3) and the beginning of the behavioural demand test in this study.  It is thus 

recommended for future work that the operant task is reinforced at regular intervals 

between different experimental phases or protocols.  

 

That there were more interactions with the door at 160% BW compared with lower levels 

(0 – 100% BW) indicated that the birds remained interested and very motivated to gain 

nest access, even though it was harder to achieve.  The greater number of attempts to 

push the door at 160%, and the blocked door, compared with lower levels (0% – 80% BW) 

provide further evidence that the birds had high levels of motivation to access their nest, 

as they persistently tried to pass through the weighted door.  The increased number of 

attempts to push through the blocked door could be behavioural activation, which occurs 

when animals are frustrated by the absence of, or inability to procure, a previously 

accessible reward, resulting in an “up-regulation” of their motivation to perform the 

previously successful behavior (Latham & Mason, 2010; Papini et al., 2019).  A similar 

persistence in attempting to access a nest was also observed in a study on chickens, 

where hens tried between 75-150 times to push through a secured door in an attempt to 

get to a nest (Follensbee, 1992).   

 

The motivation of ducks for the nest site was further illustrated by the short latency to enter 

the nest once they passed through the door, and the high percentage of time spent within 

the nest in the hour after they passed through the door.  Previous work with hens has also 

demonstrated that latency to enter the nest, and the proportion of time spent in the nest 

were relevant indicators of the motivation that hens have for the nest resource (Cooper & 

Appleby, 2003).  It is interesting to note that several individuals pushed through the door to 

access the nest even when no egg was laid, suggesting that factors besides egg-laying 

can motivate a duck to seek a nest.  Other possible explanations for this could include the 

desire for an area that is comfortable and/or perceived to be safe for them to rest in. 
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The consistent choice of egg-laying site shown by the ducks demonstrates that these birds 

have a high level of nest site conservatism.  This finding is in line with a previous study in 

Pekin ducks that found the average percentage of eggs laid in the same location was 

between 62-80% (Makagon et al, 2011). 

 

The first occurrence of a significant hyperthermia occurred at 80% workload.  However, 

the likelihood of hyperthermia was not again significant until the birds were exposed to a 

resistance of 140% of their bodyweight.  Similarly, the AUC was also not significant at 

100%, and of lesser significance at 120% than 140% and 160% workloads.  These results 

suggest that at 80% workload, a component of the hyperthermia is likely due to exercise, 

but that there may also be frustration contributing to the hyperthermia, as birds start to 

recognise that increasing physical effort is needed.  This then appears to be followed by a 

period of habituation to increased physical effort at 100% and 120% workloads, before the 

physical demands of the 140% and 160% workloads result in a significant exercise 

hyperthermia.  

 

With regard to the incidence of hyperthermia when the door was blocked, it is not possible 

to differentiate between muscular activity and psychogenic stress as the cause of 

hyperthermia on the first night of nest access being prevented.  However, the association 

of a hyperthermia when ducks looked through the door towards their nest on nights 2-4 of 

the blocked door suggests that the ducks were experiencing a psychogenic stress 

because they were unable to access the nest.  Importantly, physical exertion cannot 

explain the elevated core temperature on these nights, as no bird made any attempt to 

push through the door.  Evidence for SIH occurring due to psychological stress has 

previously been described in pigeons (Bittencourt et al., 2015), where hyperthermia was 

seen after birds were exposed to the appearance of a researcher, without any handling or 

other interventions.  Psychological SIH has also been identified in several mammalian 

species: sheep subject to an open-field test exhibited SIH as a component of their fear 

response (Pedernera-Romano et al., 2010), and in response to the presence of a dog 

during an attention bias test (Monk et al., 2018), whilst humans exhibited SIH in response 

to the Trier Social Stress Test (Vinkers et al., 2013) a standardised psychobiological test 

that uses social evaluation and uncontrollability to induce stress (Kirschbaum et al., 1993).  

The ducks’ SIH seen here in response to not being able to access a nest site is likely due 

to the experience of frustration, and leads to the conclusion that the nest is a valued 

resource.  However, it is difficult to determine the magnitude of stress experienced by the 
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ducks when unable to access their nest, relative to other stressors that also incite SIH in 

ducks.  This is due in part to other studies typically using the absolute change from 

baseline temperature as their indicator of SIH (e.g. Cabanac & Guillemette, 2001; Gray et 

al., 2008), and the lack of studies that have used SIH as a marker of stress in this 

particular species.  Of note, most studies create a stress response by performing a 

physical intervention on the birds (e.g. handling or restraint), as opposed to a purely 

psychological stressor.  Comparison with SIH in other bird species have similar issues; 

most studies use absolute change in Tc and physical interventions.  As far as it is possible 

to establish, this is the first report of SIH in response to frustration due to thwarting of a 

highly regulated behaviour such as nesting.   

 

Taken together, the results of the behavioural observations, laying locations, and the 

changes in Tc strongly suggest that the ducks were motivated to lay eggs in their nest site 

and experienced frustration when they were unable to do so.  Frustration refers to an 

animal’s underling psychological state (Haskell et al., 2004), and is recognised as being 

aversive (Mason & Burn, 2011).   Frustration in animals is suggested by their behavioural 

responses to situations where access to a reward is prevented: behaviour is first directed 

to the source of the reward blockage, before increases in indicators of agitation (such as 

pacing, escape attempts), displacement behaviours (e.g. grooming/preening), and in some 

cases, aggression, are seen (Haskell et al., 2004).  The inability to express normal nesting 

behaviour has been considered as the greatest cause of frustration in conventional-caged 

hens (Duncan, 2001).  Multiple studies have identified changes that are thought to be 

associated with a frustration of nesting behaviour: increased pacing was seen in hens 

when inadequate nests were provided, or nest access was prevented (Cooper & Appleby, 

1994; Mills & Wood-Gush, 1985; Wood-Gush, 1972; Yue & Duncan 2003), with the 

increased pacing also associated with an elevated heart rate (Mills et al., 1985); feeding 

and preening (often considered displacement behaviours in poultry) occurred more often in 

cages without nests than in modified cages and alternative housing systems (Meijsser and 

Hughes 1989; Sherwin & Nicol 1993b).  Besides these behavioural alterations, behavioural 

demand tests in hens have clearly demonstrated the high value that hens place on nest 

access: hens’ work rate for a nest 40 minutes before egg-laying was similar to the work 

rate for food after four hours confinement, indicating that the two resources were of 

equivalent value (Cooper & Appleby 2003).  Motivation for nest boxes was shown to be 

similar in hens, regardless of whether they had or had not previously experienced nest 

boxes (Cooper & Appleby, 1995).  Another study concluded that, based on the high cost 
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that hens were prepared to pay for nest access in a behavioural demand test, hens without 

a defined nest site may experience frustration during their pre-laying behaviour (Cooper & 

Appleby, 1996).  Across all these studies, the high cost that hens were prepared to pay for 

nest access is indicative of its value, and infers that the inability to access it leads to a 

condition of frustration,  Thus, the amount of work ducks were willing to exert and the 

occurrence of SIH even when there was no physical effort made to get to the nest 

indicates that, like chickens, laying Pekin ducks place high value on the nest resource and 

have a behavioural need to access it. 

 

Although the occurrence of SIH indicates that the ducks experienced a physiological 

reaction when access to the nest was denied, it would have been preferable to also 

quantify any behavioural changes beyond interactions and attempts to pass the door, to 

further substantiate the presence of frustration.  Unfortunately, due to the physical 

constraints of the housing arrangements, it was not possible to obtain camera angles that 

encompassed all areas of the BDU.  The primary interest from the video analysis was the 

effort that the ducks were willing to exert on the door, and how they interacted with the 

nest, not the other behaviours.  Thus, the cameras were directed toward the door.  

However, additional information from other behavioural variables indicative of frustration, 

such as the occurrence of pacing or displacement activities, when the door was blocked 

may have allowed deeper interpretation of the physiological data. 

 

Failure to pass through the door on the first night it was blocked significantly impacted the 

ducks’ willingness to attempt to pass on subsequent nights.  A similar finding was reported 

in chickens, where birds that experience a failure to pass through a push door during 

training made fewer attempts and usually gave up without passing the door at a 

subsequently lower weight than the one they had previously failed (Olsson et al, 2002).  

There are several possible explanations for the lack of attempts seen here.  One possibility 

is that appetitive extinction of the operant task occurred, due to frustration at previously 

being unable to access the nest.  This behavioural shift is seen when an animal has 

learned to anticipate the omission of a reward or the frustration resulting from reward 

omission, and so they minimise performance of their previously successful response 

(Papini et al., 2019).  Another explanation is that the lack of attempts made on nights 2-4 

of the blocked door are a form of learned helplessness.  The classic model of learned 

helplessness demonstrates that animals unable to control the endpoint of a stressor show 

increased passivity and anxiety when subjected to that stressor in a different environment 
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(Maier & Seligman, 2016).  However, it has also been shown that, in some scenarios, 

animals that have previously had control over the stressor endpoint show similar 

behavioural patterns of passivity/anxiety when their control is removed (Christianson et al., 

2008).  A final explanation may be that the ducks recognised the visual differences in the 

blocked door, and did not attempt to pass on nights 2-4 because they had previously 

learned that they would be unsuccessful. 

 

The concentrations of corticosterone in egg albumen indicated that this measure was not a 

sensitive indicator of any acute stress that may have resulted, from either increasing 

physical effort or frustration from being denied access to the nest site.  In chickens, 

elevations in albumen corticosterone have previously been associated with outdoor range 

restrictions (Campbell et al., 2018), and handling, elevated environmental temperature and 

moving cages (Downing & Bryden, 2008).  However, other studies failed to find a 

correlation between elevated albumen concentrations of corticosterone and single vs 

group housing (Royo et al., 2008) or handling (Cook et al., 2009).  Cook et al. (2009) 

explained that the lack of change seen after handling may be due to a mismatch in timing 

of stressor and albumen deposition; an acute change in corticosterone may not be 

detected in albumen unless there was active albumen secretion at or soon after increased 

serum concentrations occurred due to stress.  Birds typically ovulate 30-45 minutes after 

oviposition, and the new follicle resides in the magnum (site of albumen deposition) for 2-3 

hours (Johnson, 2000).  The stressor in the current study (physical exertion, or frustration 

at being denied nest access) should, in theory, have occurred within a few hours of 

albumen deposition around the newly ovulated follicle.  It is possible then that any 

elevations of serum corticosterone were not of great enough magnitude or duration to be 

picked up in albumen concentrations.  As serum corticosterone was not measured in this 

study, it was not possible to determine how well the egg albumen concentrations 

correlated with blood levels.  It is also difficult to extrapolate based on previous studies of 

blood corticosterone levels in ducks, as these have only been performed in young (6 

week) ducks and mature males, not laying females (Erisir et al., 2009; Harvey et al., 1980; 

Pedersoli et al., 1989; Spano et al., 1987).  Further studies that establish the correlation of 

corticosterone concentrations between blood and egg components in laying ducks would 

be useful if further application of this non-invasive measure of corticosterone is to be 

widely adopted in this species. 
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It is acknowledged that there were some limitations with the current study.  The decision to 

intervene by blocking access to the nest after the 160% workload was made because the 

safety and welfare of the birds was of concern.  Based on the viewed video footage, it is 

possible that the “ceiling effect”, the point at which the task becomes impossible to 

overcome (Cooper, 2004), may have been reached had the workload proceeded to 180%, 

but it was considered to be placing the birds at too great a risk.  The consequences of 

intervening and applying an artificial maximum cost are that; a) the true maximum cost, 

although likely close to 160% BW, cannot be known from this study, and b) because the 

true maximum remains unknown, the utility of nest access as a future comparator for other 

resources is currently limited, unless motivation for those other resources is lower than the 

artificial maximum shown here.  Using a resource of known value as a comparison has 

been identified as being of importance when trying to quantify the cost an animal is willing 

pay for another resource (Kirkden & Pajor, 2006).  Although the study was unable to 

determine the maximum cost that the ducks would incur to access their nest, it is clear that 

motivated birds were willing to exert significant physical effort for the reward of their nest 

site.  Future designs of the push-door also need to better address how this method can be 

refined to allow enhanced discrimination of differing levels of motivation without risking bird 

safety.  One possible solution may be to combine the previously used technique of an 

electromagnetic cell-controlled door (Petherick & Rutter, 1990; Olsson et al., 2002; 

Wichman & Keeling, 2008) with a constant resistance that works on the door after it opens.  

This would prevent the door from suddenly giving way, and allow the bird to push through 

in a controlled manner once the prescribed force had been reached.  Another method that 

has been used is a spring-loaded door that provides constant resistance during pushing 

(Kruschwitz et al., 2008).  Such modifications would allow for more discerning measures of 

motivation. 

 

Retaining visual access to the nest may be considered a limitation, as it is possible that 

such cues can influence the motivation for resources (Warburton & Mason, 2003).  It has 

been contended that when trying to determine the level of need an animal has for a 

particular resource, reducing cues for that resource is a more valid reflection of motivation, 

particularly when trying to extrapolate experimental findings to applied settings (Warburton 

& Mason, 2003).  The design of the BDUs used in this study limited the opportunity to 

remove all visual nest cues, as even if it were possible to reduce nest visibility between the 

door and nest in individual units, there remained the possibility of birds being able to see 

nests in neighbouring units across from them, due to the steel mesh construction of one of 
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the outer walls.  Future designs of individual units could take the issue of cue-reliance into 

consideration and incorporate options to allow variation in cue exposure. 

 

4.5 Conclusions 

 

The findings of this study indicate that most laying Pekin ducks are highly motivated to 

seek out a nest.  The nest is a resource of significance to these birds, and the inability to 

use it results in SIH, most likely due to frustration.  Egg albumen corticosterone was not 

found to be a useful indicator of stress in this instance.  The push-door method for 

assessing motivation in ducks is useful, but the current design requires refinement in order 

to better discriminate levels of motivation at higher workloads without risking bird safety.  

The results of this study suggest that it is unlikely that the floor-laying behaviour seen in 

commercial flocks is not due only to birds not engaging in nest-seeking behaviour.  Further 

questions therefore need to be asked, in order to determine what other factors might 

contribute to floor-laying if low motivation for nests is not one of them.  Previous findings 

suggest that competition for nests may contribute (Barrett et al., 2019; Chapter 2); floor-

eggs may at least in part be explained by highly motivated birds trying to gain access to 

nest boxes, but ultimately being unable to lay in them.  It is also important to consider nest 

design features, as although birds may be highly motivated to use suitable nests, what 

constitutes “suitable” to a Pekin duck has yet to be fully determined.
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5 PEKIN DUCKS ARE MOTIVATED TO LAY IN 
THEIR PREFERRED NEST SUBSTRATE 

 

 

 

 

 

 

A duck egg that was laid on sawdust, not astroturf, during a nest substrate preference 

test. 

 

 

 

 

 

  



 

103 
 

5.1 Introduction 

 

Nest design has been identified as one of several factors that might contribute to the 

issue of floor-laying in farmed poultry, as nest features can determine whether or not 

a laying bird finds the nest suitable (Appleby et al., 2004; Mench, 2009).  In chickens 

and quail, nest site selection can be influenced by nest characteristics such as nest 

substrate (Appleby & McRae, 1986; Guinebretière et al., 2012; Huber et al., 1985; 

Hughes, 1993; Schmid & Wechsler, 1998; Struelens et al., 2005), enclosure 

(Appleby & McRae, 1986; Ringgenberg et al., 2015a; Schmid & Wechsler, 1998), 

lighting (Appleby et al., 1984b; Zupan et al., 2007), and nest heterogeneity 

(Ringgenberg et al., 2015b).  In Pekin ducks, it has been shown that enclosure and 

the presence of eggs influence the choice of nest (Makagon & Mench, 2011; 

Makagon et al., 2011), but the importance of substrate to nest site selection has not 

been investigated. 

 

The use of preference tests, where an animal is asked to choose between different 

resource alternatives, is an established, animal-centred method that allows animals 

to tell us which they consider more valuable (Fraser & Nicol, 2011).  Testing for 

preference and the subsequent interpretation of the results are not necessarily 

straight-forward because factors such as familiarity, learning ability, and 

environmental cues or conditions can influence an animal’s choice (Fraser & Nicol, 

2011; Kirkden & Pajor, 2006).  Notwithstanding these issues, preference tests can 

provide valuable insight into what animals favour.  Such knowledge can then be 

used to enhance animal welfare by housing and managing animals in preferred 

environments (Fraser & Nicol, 2011).   

 

Preference tests have been used to establish nest substrate preferences in a wide 

range of farmed animals.  Chickens show preferences for substrate that they can 

manipulate or peck at, such as peat or straw, rather than artificial substrates such as 

plastic mesh or artificial turf (Huber et al., 1985; Struelens et al., 2005).  If offered 

only non-manipulatable artificial substrates, hens prefer artificial turf over plastic or 

wire mesh (Guinebretière et al., 2012; Hughes, 1993).  In quail, substrate also 

affects nest selection, with birds preferring nests containing hay over astroturf, while 
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chaff tended to be more acceptable than hay (Schmid & Wechsler, 1998).  In fish, 

captive male Nile tilapia prefer sandy substrate over stones or no substrate for 

spawning (Mendonça et al., 2010).  Rabbit does prefer substrate such as straw or 

fine fibre over wood shavings, the latter being commonly provided as nesting 

material in rabbit farms (Blumetto et al., 2010; Farkas et al., 2018).  Such studies 

clearly demonstrate that animals’ substrate preferences can be tested, and that the 

provision of resources in farming systems can be better informed if they are based 

on those preferences. 

 

Once preferences have been determined, it is relevant to consider just how 

important or rigid those preferences are to an animal.  Assessing how motivated an 

animal is to use a preferred resource indicates the relative value of that preference to 

the animal.  Understanding how motivated an animal is to use a preferred resource 

gives insight into whether providing, or not providing, a preferred option is likely to 

enhance or decrease animal welfare (Dawkins, 1983).  Behavioural demand testing 

provides a useful tool for measuring an animal’s motivation, by asking an animal to 

work increasingly hard to gain access to a resource (Mason et al., 1998a).  

Examples of preference and motivational testing being used together include 

assessing hens’ motivation for a preferred level of nest enclosure (Kruschwitz et al., 

2008), hens’ willingness to work for different foraging substrate (Gunnarsson et al., 

2000), and the amount of work pigs’ are willing to perform for various rooting 

materials (Pedersen et al., 2005).  

 

Improvements to an animal’s welfare status require not only the mitigation of 

negative experiences, but also the promotion of positive ones (Mellor, 2015a).  The 

provision of a suitable nest site to farmed ducks should encourage positive welfare in 

laying birds, because nesting behaviour is highly internally regulated (Mench, 2009).  

The decision to use a particular nest could be considered an active, goal-directed 

behaviour, and the fulfilment of such behaviours is considered to result in a positive 

affective state.  Failure to achieve the goal may result in negative states such as 

frustration (Mellor, 2015b).  To understand an animal’s response to its environment 

(and the subsequent interpretation of affect) multiple physiological and behavioural 

variables can be measured, preferably using a “hands off” approach to avoid 

inadvertent stress and the confounding of data (Cook et al., 2000).  In birds, the use 
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of egg corticosterone instead of plasma corticosterone (the latter of which requires 

physical handling and blood-sampling) is one way to assess stress without direct 

interference to the animal (Downing et al., 2008).  In chickens, the concentration of 

corticosterone in egg albumen has been used to determine the association between 

pre-laying activity and corticosterone levels (Cronin et al., 2012), the impact of single 

vs group housing (Royo et al., 2008), and the effect of handling, increased ambient 

temperatures, and moving hens between cages (Downing & Bryden, 2008).  The use 

of corticosterone in egg albumen as an indicator of stress has been trialled once in 

Pekin ducks that were denied access to a nest site (Chapter 4).  The results from 

that study indicated that any stress experienced was not reflected in the level of 

corticosterone in the albumen.  As that was the first study conducted in Pekin ducks, 

further trials are warranted to better determine if the corticosterone concentrations in 

egg albumen might be a useful physiological indicator of stress. 

 

Another useful tool to assess the physiological effect of stressors on animals is 

measuring changes in core body temperature to detect stress-induced hyperthermia 

(SIH; Vinkers et al., 2013; Moe et al., 2012; Cabanac & Guillemete, 2001).  Animals 

exhibit SIH in response to many stressors such as handling (e.g. Bittencourt et al., 

2015), prolonged restraint (e.g. Gray et al., 2008), tests of fearfulness (e.g. 

Pedernera-Romano et al., 2010), and social stress tests (e.g. Kohlhause et al., 

2011).  Pekin ducks exhibit SIH when they are unable to access an established nest 

site (Chapter 4), a response that is considered to be due to frustration.  To our 

knowledge, that was the first study to demonstrate SIH as an indicator of frustration 

in any animal that is unable to access a desired resource.  

   

If a strongly motivated behaviour is thwarted, frustration can occur, resulting in a 

negative affective state for an animal.  Frustration is considered to be a transient 

state that occurs when a response to a cue is not rewarded, whereas it formerly was 

rewarded (Amsel, 1992, cited by Papini et al., 2019).  Changes in behavioural 

patterns are often used to gauge the subjective experience of an animal; in chickens, 

behaviours that have been investigated for their potential association with frustrating 

experiences include pacing (e.g. Mills & Wood-Gush, 1985; Wood-Gush, 1972), 

preening (a displacement activity;,e.g. Duncan & Wood-Gush, 1972; Meijsser & 

Hughes, 1989; Mills & Wood-Gush, 1985), comfort behaviours such as head-
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shaking, tail-wagging or feather raising/fluttering (e.g. Duncan and Wood-Gush, 

1972; Mills & Wood-Gush, 1985), feeding and drinking (also considered 

displacement behaviours; e.g. Meijsser & Hughes, 1989; Mills & Wood-Gush, 1985; 

Sherwin & Nicol, 1993b), feather-pecking (Dixon et al., 2008), and redirected pecking 

behaviour (Kuhne et al., 2011), while wing-flapping has been associated with 

frustration in pigeons (Terrace, 1972).  As far as it can be determined, behavioural 

indicators of frustration have not been explored in the Pekin duck. 

 

Breeder ducks in the Australian duck industry are typically provided with substrates 

such as sawdust or wood chips in the housing and in the nests.  It is thus relevant to 

explore whether Pekin ducks have substrate preferences, and how important those 

preferences are, and whether Pekin ducks show similar substrate preferences to 

other commercially farmed poultry species.  Thus, using preference and behavioural 

demand techniques together seems a reasonable approach to determine the 

significance of nest substrate preferences in ducks.  

 

The aims of this study were to:  

1) determine if Pekin ducks exhibit preferences for nesting substrate,  

2) assess the motivation of ducks to access their preferred substrate by 

asking ducks to perform an operant task (push-door) to gain access to their 

preference, and  

3) assess the response to the stress of restricted access to the preferred 

resource, by looking at changes in core body temperature and the 

concentration of corticosterone in egg albumen, as well as behaviour.   

 

It was hypothesised that: 

1) ducks will show a preference for one type of nesting substrate above others. 

2) ducks will perform increasing amounts of work to access this preferred 

substrate and  

3) even if a less preferred substrate is available for free, ducks will show signs 

of stress, likely due to frustration when they are unable to access their preferred 

substrate. 
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Fifteen female ducks of approximately 22 weeks of age underwent training to learn how 

to perform an operant task (passing through a push-door) in a specially designed 

behavioural demand unit (BDU; Barrett & Blache, 2019, Chapter 3).  Twelve birds were 

considered to have learnt the task successfully, and were carried through to the next 

experimental phases.  These twelve birds underwent surgery to implant temperature 

data loggers into the coelomic cavity to record core temperature.  Eggs from the ducks 

were collected daily to measure the concentration of corticosterone in the egg albumen.  

Preference testing was conducted to determine which of three different nesting 

substrates the ducks preferred the most, or the least.  The motivation to access the 

most preferred substrate was then tested using behavioural demand testing.  The ducks 

were able to choose to work through an increasingly weighted door to gain access to 

their most preferred substrate, or elect the “free” option of their least preferred nesting 

substrate, by pushing through an unweighted door.  The behaviour of the animals was 

video-recorded, and associations between passing, or attempting to pass, the door to 

the preferred substrate and incidences of SIH were identified. 

 

5.2 Methods and materials 

 

The procedures and experimental design were approved by the University of 

Western Australia’s Animal Ethics Committee (RA/1/300/1397). 

 

Animals and housing 

Fifteen female Pekin ducks were brought into the research facility when they were 22 

weeks old.  They were sourced from a local free-range producer.  The ducks were 

group-housed in two outdoor grassed pens (approximate dimension of each 12 m x 

4 m), with seven birds in one group and eight in the other.  The pen fences were 1.8 

m in height and constructed of aluminium poles and large-gauge wire mesh.  They 

were covered with a combination of bird-netting and shade cloth to provide some 

shelter and prevent access by other birds.  The two pens were adjacent, enabling 

visual contact between the two groups of birds.  Nest boxes with an aspen-chip 

substrate were placed at the back of each pen under the area of shade cloth.  Each 

day the ducks were offered a standard ration of chicken layer pellets, as well as 

being free to forage within the pens.  In addition to drinking water, three small 
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troughs set into the ground were provided in each pen to allow bathing.  Each bird 

was weighed weekly, with the weight range being 4.8-6.1 kg upon arrival and 5.2-6.1 

kg at the completion of the experimental protocol.   

 

Habituation to research facilities and training in the behavioural demand 

apparatus  

After arriving at the research facility, the birds underwent a two-week period of 

habituation, as described in Chapter 3.  A researcher spent a minimum of one hour 

each day in each pen, sitting or standing quietly near the birds.  Movement towards 

the birds was made every few minutes; however, if the birds startled then movement 

was stopped until they settled again.  Further movement towards the birds was then 

attempted several minutes later.  Handling was performed in a small temporary 

holding area for individual physical examination every second day during the first 

week and then daily during the second week.  Each pen had one BDU positioned at 

the back, opposite the nest boxes (see Chapter 3 for design).  The end wall was 

removed from the unit and the door was opened, so that the ducks could explore the 

unit on their own from the time of their arrival.  

 

All 15 ducks underwent training during which they learned how to use the BDU door.  

The training protocol followed that outlined in Chapter 3.  In short, each bird was 

provided three opportunities a day for three consecutive days to exit through the open 

BDU and return to their social group.  For the following three days, the process was 

repeated but this time the birds were required to pass through the closed, unweighted 

door.  Finally, for the last three days, the birds were required to pass through a 

weighted door (20% of the average group bodyweight) to return to their social group.  

Thus, each bird had 27 opportunities to learn to exit from the BDU.  At all stages of 

the training, each duck was given a maximum of two minutes in the BDU.  If the bird 

had not exited within this time, she was returned to the group until the next attempt.  

The 12 birds that most effectively learned how to the use push-door were identified 

and taken through the remainder of the experiment.  The selection criteria for this 

decision was to take the 12 birds with the highest proportion of successful exits from 

the box when the door was closed (9 from unweighted door, 9 from 20% weight, total 

= 18 opportunities to exit).   
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Habituation to increased time in BDUs 

As the ducks were to be housed individually in a BDU overnight during the 

preference testing and behavioural demand phases of the experiment, they were 

progressively habituated to spend increasing time by themselves in a BDU.  This 

was done to mitigate any stress due to social isolation that might otherwise occur.  

The protocol for habituation followed that already outlined in Chapter 4.  To briefly 

review, each bird was placed in the BDU for an increasing time over a period of 

days, until they spent three hours in the unit.  Food and water were available in the 

unit during this time, and individuals were within sight and sound of their social 

group.  Outside of the habituation times, the birds were housed with their group as 

per their routine management. 

 

Temperature data loggers 

Surgical Implantation 

Two days prior to surgery, the birds were brought indoors and housed in individual 

cages (dimensions 870 mm x 740 mm x 600 mm, F-suite, Techniplast), to allow 

habituation to the indoor environment prior to surgery.  Surgery was performed using 

the same protocol as described in Chapter 4.  In short, each bird was premedicated 

and given analgesia prior to receiving gaseous induction of anaesthesia via mask.  

Once anaesthetised, the duck was intubated for maintenance anaesthesia, and the 

surgical site was prepared.  A small midline incision was then made to enter the 

coelomic cavity.  Once open, a sterilised data logger (DST micro-T, Star ODDI, 

Iceland) was placed into the body cavity.  The incision was then sutured closed and 

the duck was awakened from anaesthesia and extubated.  When the bird was able 

to sit up on its own, it was returned to the cage and monitored every 10 minutes for 

the next two hours.  The following day, the birds were returned to an outdoor pen for 

a two-week recovery period.  Post-operative analgesia was provided for a further two 

days, and wound sites were checked daily for signs of post-operative infection.  All 

birds recovered uneventfully. 

 

Temperature data recording 

Before surgical implantation, the data loggers were programmed to record body 

temperature every five minutes for the duration of behavioural demand testing.  They 

were soaked in a chlorhexidine solution for a minimum of 48 hours before the 
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surgery, in order to sterilise them before implantation.  At the completion of the 

experiment, the ducks were humanely euthanised with pentobarbitone (150mg/kg, 

Lethabarb®, Virbac, Australia) and the data loggers were retrieved from the body 

cavity.  A calibration test was then performed over 8 hours at 33.0, 36.0, 39.0 and 

42.0°C, before all data were downloaded from the loggers. 

 

Determining nest substrate preferences 

After the surgical recovery period, the birds were placed in groups of four into each 

of the three pens.  For one week, they were individually housed overnight in the 

BDUs, allowing them to habituate to being in the BDU for a full night.  The BDU 

contained a holding area and two nest areas, each with an empty nest box (Figure 

5.1).  Food and water were provided in the holding area.  There was a wire partition 

between the nest areas, so that the duck could still see out of the BDU, regardless of 

which nest area she was in, and the BDU was placed on a plastic mesh (Garden 

Master, Doncaster, Australia), to prevent the ducks from creating ground nests 

(Figure 5.1).  The preference test phase of the study commenced after the week of 

habituation.  Three different nesting substrates were used to establish which was the 

most and least preferred by each individual bird.  The three substrates were sawdust 

(WA & J King Pty, Martin, Western Australia), hemp fibre (Mini-Hemp®, OzHemp, 

Western Australia), and astroturf (Tuff Turf®, Victoria, Australia) (Figure 5.2).  To 

account for any individual’s lateralisation, each of the three substrates was 

presented on both the left and right sides an equal number of times in six pair 

combinations (sawdust-astroturf, astroturf-sawdust, sawdust-hemp, hemp-sawdust, 

hemp-astroturf, astroturf-hemp).  Each pen contained four BDUs, with a different 

pairing of nests.  The ducks rotated through each of the four pairings (a “set”) in a 

pen over four consecutive nights.  A new set was then introduced.  Each 

combination of nest pairings was offered six times, so that there was a total of nine 

sets, presented in a pre-determined order (Table 5.1).  Eggs were collected every 

morning and the type of substrate selected (the three offered substrates or floor if no 

selection) was recorded. 
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Figure 5.1:  Diagram (Top image) and photograph (bottom image) of the behavioural demand unit 

used to test the substrate preferences of laying Pekin ducks, and their motivation to access a 

preferred substrate. 
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Figure 5.2:  Images of the three substrates offered to laying Pekin ducks to determine their nest 

substrate preferences. 

 

 

 

Table 5.1:  Order of presentation of nest pairs for substrate preference test in laying Pekin ducks.  

Four behavioural demand units were placed in each of three pens, and each pen contained four birds.  

The ducks were rotated through each set of pairs over 4 nights.  A = astroturf, H = hemp, S = 

sawdust.  

 Pen 1  Pen 2  Pen 3 

SET 1 
A - H H - A  A – S S - A  A – S S - A 

H – S S - H  H – A A - H  S – H H - S 

SET 2 
A – S S - A  A – S S - A  A - H H - A 

H – A A - H  S – H H - S  H – S S - H 

SET 3 
A – S S - A  A - H H - A  A – S S - A 

S – H H - S  H – S S - H  H – A A - H 

SET 4 
A - H H - A  A – S S - A  A – S S - A 

H – S S - H  H – A A - H  S – H H - S 

SET 5 
A – S S - A  A – S S - A  A - H H - A 

H – A A - H  S – H H - S  H – S S - H 

SET 6 
A – S S - A  A - H H - A  A – S S - A 

S – H H - S  H – S S - H  H – A A - H 

SET 7 
A – H H - A  A – S S - A  A – S S - A 

S – A A - S  H – A A - H  H – S S - H 

SET 8 
H – S S - H  A – S S - A  A – H H - A 

H – A A - H  S – H H - S  H – S S - H 

SET 9 
A – S S - A  A – H H - A  A – S S - A 

S – H H - S  H - S S - H  H – A A - H 
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Measuring the motivation to access a preferred nest substrate 

Once the preference test phase of the study was completed, and the most and least 

preferred substrate had been identified, the behavioural demand testing phase 

began.  The twelve birds remained in their same groups of four across the three 

pens, with each pen containing four BDUs.  Each BDU contained one nest box with 

the most preferred substrate, and one with the least preferred substrate.  To gain 

access to the nest with the most preferred substrate, the birds were required to 

perform increasing amounts of work by pushing through a weighted door.  The least 

preferred substrate remained “free”, with an unweighted door providing access to 

that nest at all times.  The birds were placed into their BDUs at approximately 6pm 

each evening, and were released at approximately 7am the following morning.  Food 

and water were again provided in the holding area.  For the first four nights, both 

doors were open, to allow the birds to fully explore both nests.  Workloads then 

began at 0% of each bird’s bodyweight (BW) and increased in 20% increments every 

four nights until a maximum of 120% BW was reached.  This artificial maximum cost 

was imposed, as the previous study (see Chapter 4) identified that higher workloads 

present a risk to the safety and welfare of the birds using the established push-door 

design.  After the 120% workload had been completed, the door to the nest 

containing the preferred substrate was blocked for four nights, so that the bird could 

still see the nest but was unable to pass the door to access it.  A bird was considered 

to have failed at a workload if the door was not passed for three of the four nights.  

Birds completed the experiment by either failing a weight level or completing the final 

night of the experimental period.  The birds were video recorded every night 

(Techview QV3034, Jaycar, Perth, Australia) and behavioural data were collected 

from the footage using Interact behavioural analysis software (Interact, version 14.0, 

Mangold International, Arnstoff, Germany).  The observation period began when the 

duck entered the BDU, and ended 30 minutes after the duck passed the door (for 

workloads 0-120% BW) or after the last interaction with the door (for nights when the 

door was blocked).  The location of each bird and any eggs laid were recorded each 

morning. 

 

Observed behaviours are outlined in Table 5.2.  In addition to behaviours that were 

considered to indicate a duck’s motivation for the nest site (looks / attempts to pass 

door, latency to pass preferred substrate door, latency to nest entry, and time spent 
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in nest), actions that had previously been used to investigate the presence of 

frustration in other bird species were included, as a first exploration of candidate 

behavioural indicators of frustration in Pekin ducks.  The selected behaviours were 

pacing, preening, tail shaking, feather fluttering, head shaking, wing flapping, and 

pecking at the BDU structure.  Feeding and drinking (considered displacement 

behaviours in other species) were not included, as the position of the feed / drink 

bowls relative to the camera meant that it was not possible to reliably quantify these 

behaviours from the video footage. 

 

 

 

 

Table 5.2:  Ethogram of behaviours of Pekin ducks during a behavioural demand test to assess their 

motivation to access a nest containing a preferred nesting substrate. 

Behavioural 
variable 

Description 

Looks through door Duck passes beak or entire head through door (either preferred or 
least preferred substrate door) 

Attempts to pass 
door  

Duck places head and neck through door, shoulders are engaged 
with the door and duck is seen to exert effort and/or door is seen 
to move (either preferred or least preferred substrate door).  

 

Latency to pass 
preferred substrate 
door 

Time taken between duck’s first interaction with door to when it 
passes through the door. 

Latency to nest entry Time taken between duck passing through preferred substrate 
door to first entering the nest. 

 

Time spent in nest Total percentage of time spent in the preferred substrate during 
the 30 minutes after passing through the door. 

Tail shaking Duck is seen to rapidly move tail up and down. 

Feather fluttering Duck lifts and resettles feathers over the whole body, wings 
remain next to body wall. 

Wing flapping Wings are extended out from body wall and rapidly moved up and 
down. 

BDU pecking Duck is seen to peck or grab at parts of the BDU structure with its 
bill. 

Head shaking Duck rapidly moves head from side to side. 

Pacing Duck is rapidly walking from one side of BDU to the other without 
pausing. 

Preening Duck is engaged in grooming of feathers. 
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The time at which a duck passed through the weighted door (at 0-120% workloads) 

was recorded from the video footage.  The body temperature data within a time 

window of ±15 minutes relative to the time the door was passed were analysed to 

detect SIH.  For the blocked door, the association between SIH and the first attempt 

at the door was analysed for the first night.  If a bird did not make any attempts at 

either door during the three subsequent nights of the blocked door, the association 

between SIH and the first look through the blocked door was analysed. 

 

For each temperature data point (Tc), a smoothed value of temperature (Ts) was 

calculated by averaging the temperature data for 12 hours either side of each data 

point.  The standard deviation of Ts was also calculated across the same interval.  

Stress-induced hyperthermia was deemed to have occurred when Tc was 2.5 x SD 

higher than Ts for that time point. The duration of SIH was defined as the time 

interval during which consecutive data points were 2.5 x SD greater than the 

smoothed average for that time. The area under the curve (AUC) for an SIH event 

was calculated by adding the temperature differentials (Tc – Ts) for the duration of 

SIH. 

 

Concentration of corticosterone in egg albumen  

A radioimmunoassay was used to measure the concentration of corticosterone in 

egg albumen, using the method outlined in Chapter 4.  Briefly, eggs were collected 

daily, and were considered to be associated with events two nights prior to the day of 

collection, based on the timeline of egg formation in laying birds (Johnson, 2000).  

The albumen was separated from the yolk and frozen at -20°C until analysis.  To 

extract corticosterone, the samples were thawed and a measured sub-sample was 

homogenised with distilled water by vortex.  Dietheyl ether was then added, the 

samples were vortexed for 10 minutes and then frozen at -20°C to allow separation 

of the aqueous phase.  The solvent phase was then poured off and the diethyl ether 

was evaporated.  Dried tubes were then covered and stored at 4°C until assay.   

 

The corticosterone concentration in the extract was measured using the Immuchem 

double antibody corticosterone 125I RIA kit (MP Biomedicals, Orangeburg, NY), using 

a modified procedure to improve sensitivity.  On day 1, extracts were reconstituted 

with PBS and vortexed for 5 minutes.  Steroid diluent and the first antibody diluted 4 
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in 5 in PBS were added and the samples were incubated overnight at 4 °C.  On day 

2, all tubes had 125I tracer added, and were incubated overnight at 4 °C.  On day 3, 

the secondary antibody mixture (kit precipitant plus of diluted G4004 guinea pig 

antibody solution) was added to the tubes.  Samples were again incubated overnight 

at 4°C.  On day 4, PEG solution was added, and samples were centrifuged at 

3,000 G for 25 minutes.  The supernatant was then tipped off and the samples were 

left to dry overnight.  On day 5, radioactivity was counted using a Beckman Gamma 

counter.  The assay was previously validated using two QCs; the coefficients of 

variation were 3.6% for 15.5 ng/ml and 6.5% for 90.1 ng/ml, and the limit of detection 

was 5.2 ng/ml.  

 

Statistical analysis 

All 12 birds completed the preference test sequence, however one bird was 

excluded from the results as she did not lay an egg for the first twenty nights of the 

preference test, and did not lay in either substrate offered on the remaining nights.  

Six of the 12 completed all behavioural demand workloads and attempted to pass 

the blocked door.  Data from these birds were included in the analysis of behaviour 

and the likelihood of hyperthermia from 0-120% workloads, and all analyses of the 

corticosterone concentration in the egg albumen.  Owing to an incident of data loss 

from a hard drive, one bird’s video footage of the blocked door nights could not be 

analysed.  Consequently, only the five birds with complete data sets were used in 

the analysis of the AUC for hyperthermia, and the likelihood of hyperthermia for the 

nights of the blocked door.  All data analysis was conducted in R statistical software 

(R Development Core Team, 2017) 

 

Determining nest substrate preferences 

One bird was excluded from the data set, as she did not lay for the first twenty nights 

of the preference test.  For the remaining 11 birds, dominance matrices (Martin & 

Bateson, 1986) were created for each individual bird, and overall outcomes, based 

on which substrate eggs were located each morning.  The substrate on which the 

egg was found was considered the “winning” or preferred substrate of that pair, with 

the unchosen substrate being assigned as the “losing” substrate.  The rank order of 

substrate preferences for each individual bird, and for the overall outcomes was 



 

117 
 

determined using David’s Score, a ranking method used to determine dominance 

matrix hierarchies (Gammell et al., 2003). 

 

Assessing the importance of nest substrate preferences 

Descriptive statistics were used to investigate where ducks spent their time when 

they had free access to all areas of the BDU, and how many interactions (either an 

investigation or a visit) they had with nests containing either the most or least 

preferred substrate. 

 

Data from the behavioural observations across increasing door workloads were 

explored graphically, to identify prospective relationships between behaviour and 

increasing workload or the blocked door.  Some of the measured variables were not 

normally distributed, and could not be normalised (looks through door, attempts at 

door, and all candidate behavioural indicators of frustration).  Descriptive analysis 

was instead undertaken, as it was considered that the low number and power also 

limited the use of non-parametric analysis.  A baseline occurrence of each behaviour 

was calculated for each bird using the data from each of the four nights of 0% 

workload.  These data were averaged, and the upper and lower limits of a 95% 

confidence interval was calculated.  Behavioural indicators of frustration were first 

converted to incidence rates, by dividing the frequency of the behaviour by the total 

duration of time between the first door interaction and the duck passing through the 

preferred substrate door.  The mean occurrence of a behaviour for each workload up 

to 120% BW (four-night average) and the blocked door (four-night average, and 

individual nights) was then compared against the bird’s baseline for that behaviour.  

Values that lay either above or below the 95% CI were identified, and a contingency 

table of the number of birds that lay below, within, or above their CI for each 

behaviour was created. 

 

ANOVAs were performed on the latency to pass the preferred substrate door, the 

latency to nest entry, and the time spent in the nest.  The data were log-transformed 

where required to normalise distribution.  Percentage data were converted to a 

proportion and arcsine transformed prior to analysis.  For each outcome variable, 

single explanatory variables (door workload, pen, and day) were tested for their 

association with that outcome.  Interactions between variables were also assessed, 
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and carried forward to the final model if significant.  Bonferroni post-hoc testing was 

undertaken to identify pairwise differences if there was a main effect of door 

workload on the outcome variable. 

 

Stress induced hyperthermia 

Logistic regression was used to determine the likelihood of hyperthermia being 

exhibited by a duck when passing through the preferred substrate door for workloads 

of 0-120% BW.  The explanatory variables of door workload, pen, and day were 

individually tested for their association with the occurrence of hyperthermia.  

Significant effects were retained in the final model.  Interactions between explanatory 

variables were also explored, and retained in the final model if significant.   

 

Logistic regression was also attempted for the four nights of the blocked door.  

However, due to poor model convergence, this approach was abandoned.  Instead, 

a descriptive analysis was undertaken.  The relative probability that the occurrence 

of hyperthermia in an individual bird might be due to reasons other than being unable 

to access the preferred substrate nest when the door was blocked was determined.  

First, the time interval from when Tc passed from within normal range through the 2.5 

SD threshold to the peak temperature reached during the hyperthermic event was 

determined for each of the five birds on each of the four nights of the blocked door, 

and the change in Tc was calculated.  Next, a frequency distribution table was 

created for each bird that showed how many times Tc increased by the same 

amount, calculated for the time taken to reach peak Tc on each night that the door 

was blocked.  This was achieved using the data from all four days and nights of 

when the bird was exposed to the 0% workload, beginning at 7am of the morning 

before the first night of 0%, and ending at 7am the morning after the fourth night of 

0%.  Once the frequency distribution table was completed, the relative probability 

that a change in Tc would occur was calculated, by dividing the number of times that 

any specified change in Tc occurred by the total number of Tc changes in the table.  

This number was then used as the relative probability that a hyperthermic event in a 

bird on a night when the door was blocked was due to reasons other than being 

unable to access the nest containing the preferred substrate. 
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ANOVA was performed to analyse differences in the AUC of hyperthermia between 

workloads of 0-120% BW and the blocked door.  A separate ANOVA was used to 

analyse the AUC of hyperthermia for the individual nights when the door was 

blocked.  The outcome variable (AUC) was regressed against the explanatory 

variables of workload, pen, and night for comparison of all workloads, and against 

night and pen for the nights when the door was blocked.  Explanatory variables that 

were significant were included in the final model.  Interactions between explanatory 

variables were also explored.  Data were log-transformed to normalise distribution 

prior to analysis.   

 

The concentration of corticosterone in egg albumen 

ANOVA was performed to determine if door workload, or not being able to access 

the nest with preferred substrate (blocked door), affected the concentration of 

corticosterone in egg albumen.  Corticosterone concentration was individually 

regressed against the explanatory variables of door workload, pen, and night, and 

explanatory variables were included in the final model if significant.  Interactions 

between explanatory variables were also tested. 

 

5.3 Results 

 

BDU training 

All of the birds exited through the open door of the BDU 100% of the time.  When the 

door was down but unweighted, successful exits were made 74.4% (SD = 27%) of the 

time.  When the door was weighted with 20% of the average group bodyweight, 

successful exits were made 91% (SD = 26.0%) of the time.  Overall, the mean 

percentage of successful exits for the 12 birds that were selected to continue in the 

experiment was 91.8% (SD = 8.2%).  The mean percentage of successful exits in the 

three birds that were eliminated was 46% (SD = 35.1%).   

 

Determining nest substrate preferences 

The overall rank order of substrate preferences was sawdust > hemp > astroturf 

(David’s score 1.43 vs 0.88 vs -2.32, Table 5.3).  The matrices for individual birds 

are provided in Table C1.  Individual preferences for sawdust over astroturf were 
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clear-cut in the majority of birds (9 of 11), while preferences between sawdust and 

hemp were equivocal (5 of 11).  Based on these findings, sawdust was the most 

preferred substrate and astroturf was the least preferred substrate.  Those 

substrates were then used in the nest boxes for the behavioural demand tests. 

 

 

 

 

 

Table 5.3:  Test matrix for nest substrate preference for all individual tests combined.  Values indicate 

the total number of times a substrate in the 1st column was chosen (“Won”) by laying Pekin ducks 

over the alternative substrate shown in the 1st row (“Lost”). 

  “Lost” David’s Score 

  Sawdust Hemp Astroturf  

“Won” 

Sawdust - 57 64 1.43 

Hemp 43 - 73 0.88 

Astroturf 6 11 - -2.32 

 

 

 

 

 

 

 

 

Location of egg-laying  

The location where eggs were found is given in Table 5.4.  Ducks that completed 0-

120% workloads (n = 6), laid 95.5% (range 88.5 -100%) of their eggs in the nest with 

the preferred substrate before they were denied access.  The ducks that stopped 

pushing earlier through the door to the nest with the preferred substrate (n= 6), laid 

68.1% (range 12.5 – 82.6%) of their eggs in that nest before ceasing to push.  There 

were 29 occurrences of a bird pushing through a door to access a nest, but not 

laying an egg (Table 5.4). 
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Table 5.4:  Site of egg-laying by individual Pekin ducks during a behavioural demand test where they had to perform increasing amounts of work to access a 

nest box containing a preferred substrate (saw dust) while the least preferred option (astroturf) remained free.  The sites where an egg was located are 

indicated by the following numbers: 1) Nest box containing preferred substrate; 2) Floor of preferred substrate nest area; 3) Nest box containing least 

preferred substrate; 4) Floor of least preferred substrate nest area; 5) Floor of holding area. X indicates no egg was laid; X followed by a number indicates 

bird was found in a nest box despite not laying.  Shaded boxes for ID numbers 1, 3, 5, 8, 10 and 12 represent the point at which birds were discontinued from 

the experiment as they stopped pushing through the door to access the nest box containing the preferred substrate at the previous workload.  * indicates the 

night on which both doors were reopened for discontinued birds, allowing nest access again. 
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Motivation for the preferred nest substrate 

When the BDU doors were open, the ducks spent most of their time in or near the 

nest containing the preferred substrate (proportions = 0.37 and 0.26 respectively; 

Figure 5.3).  The proportion of time ducks spent in or near the nest containing the 

least preferred substrate was less than 0.05 (Figure 5.3).  Ducks also investigated 

the preferred nest more often (mean number over four nights = 3.67 vs 0.07), and 

had more visits to the nest containing the preferred substrate than the one with the 

least preferred substrate (mean number over four nights 6.1 vs 0.16; Figure 5.4). 

 

There was no difference in the proportion of time that was spent in the preferred nest 

box, the latency to pass through the preferred nest door, or the latency to enter the 

preferred substrate nest, as the door workload increased (Table C2).  The overall 

mean percentage of time spent in the preferred nest was 0.90 (SD = 0.23).  The 

mean latency to pass the preferred substrate door was 114.9 minutes (SE = 13.7 

minutes).  The mean latency to enter the preferred nest after passing through the 

door was 25.6 s (SE = 2.6 s). 

 

Six of the 12 birds completed all of the workloads and attempted to pass the blocked 

door. Of the other six birds, two passed the least preferred substrate door at 0% on 

all four nights, one stopped pushing the most preferred substrate door after 

completing the 40% workload, two stopped after completing the 60% workload, and 

one stopped after completing the 100% workload. 

 

When the door was blocked, two of the six birds passed the “free” door to the least 

preferred substrate within the first two nights (Table 5.4).  A third bird passed the 

least preferred substrate door on night four of the blocked door.  The remaining three 

birds did not pass the door to the least preferred substrate, instead remaining in the 

holding area and laying their eggs on the floor. 
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Figure: 5.3  Mean proportion of time that ducks spent in each area of the behavioural demand unit 

(BDU) over the 4 nights when both nests were freely available.  Vertical lines indicate the standard 

error of the mean between birds. 

 

 

Figure 5.4:  Mean number of interactions that ducks had with nests containing either the most 

preferred or least preferred nesting substrate over the 4 nights when both nests were freely available.  

Vertical lines indicate the standard error of the mean between birds.  
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Occurrence of hyperthermia 

There was an increased likelihood of hyperthermia at 100% workload (OR 52.98, p 

<0.0001; Table C3) and 120% workload (OR 14.88, p = 0.018; Table C3) compared 

with 0% workload (Figure 5.5). 

 

On the first night that the door to the preferred substrate nest was blocked, five out of 

five birds exhibited SIH (Figure 5.5), with the relative probability that this was due to 

reasons other than being unable to access the nest lying between 0.01-0.07 (Table 

5.5).  The number of birds that exhibited SIH on the subsequent nights of the 

blocked door decreased, with four, two, and three birds showing SIH on nights two, 

three, and four respectively.  The relative probability of SIH occurring due to reasons 

other than being unable to access the nest over these nights was between 0.00-0.04 

(Table 5.5). 

 

 

 

Figure 5.5:  Proportion of ducks exhibiting hyperthermia over each of 4 nights per workload when 

performing increasing amounts of work to access their preferred nest site (0 -120%, n=n6) and when 

unable to access their nest (Blocked, n=5). 
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Table 5.5:  Changes in Tc and the relative probability of those changes occurring due to reasons other 

than being unable to access a nest containing their preferred nesting substrate over four consecutive 

nights of the door being blocked.  NH indicates that no hyperthermia was exhibited. 

 Night 1  Night 2  Night 3  Night 4 

Bird 
ID 

Change 
Tc (°C) 

Rel. 
prob 

 Change 
Tc (°C) 

Rel. 
prob 

 Change 
Tc (°C) 

Rel. 
prob 

 Change 
Tc (°C) 

Rel. 
prob 

2 0.12 0.07  0.94 0.00  NH  NH   NH  NH  

4 0.43 0.03  NH NH   NH NH   NH  NH  

6 0.59 0.04  0.59 0.04  0.61 0.03  0.94 0.00 

7 0.48 0.05  0.72 0.01  0.71 0.01  1.01 0.01 

11 0.6 0.01  0.71 0.01  NH  NH   0.47 0.04 

 

 

 

 

 

The AUC of hyperthermia was larger when the preferred substrate door was blocked 

(mean AUC 1.18 vs 0.07, transformed model estimate = 1.36, p = 0.01; Figure 5.6, 

Table C4).  There was no difference in the AUC at workloads up to 120% when 

compared with 0%, or between nights 2-4 of the blocked door compared with night 

(Table C4). 

 

Two of the six birds that did not complete all workloads exhibited SIH on the nights 

when they first failed to pass the door.  Bird 8 had an elevated Tc on all four nights of 

the 80% workload that she did not pass after interacting with the door leading to the 

preferred substrate nest.  Bird 10 exhibited SIH on nights 1-3 of the 120% workload 

that she did not pass.  The two birds that passed the door to the nest with the least 

preferred substrate did not exhibit SIH at all in response to their choice.  

Temperature data could not be collected or correlated with behaviour for the two 

remaining birds, as one’s data logger malfunctioned and ceased data collection part-

way through the experiment, and an undetected camera fault resulted in behavioural 

footage not being recorded for the other. 
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Figure 5.6:  Mean area under the curve of hyperthermia in Pekin ducks (n= 5) when they had to work 

harder to access a nest site (0-120%) or when they were unable to access the nest (Blocked).  

Vertical lines indicate the standard error of the mean.  Bars with “**” above were significantly different 

from 0%, p < 0.001. 
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Behavioural observations 

Four of six birds made more attempts to pass the preferred substrate door at 80%, 

100% and 120% workloads compared with the 0% workload (Table 5.6).  All other 

behaviours were performed within the 95% CI of individual baselines by 50% or 

more of the birds (Table 5.6). 

 

The results of the descriptive behavioural analysis when the preferred substrate door 

was blocked are presented in Table 5.7.  Three of five birds looked more through the 

preferred nest door on night 1 of it being blocked.  The proportion of attempts at the 

preferred door was lower for four of five birds overall, and for nights 2-4.  The 

number of attempts at the preferred door was higher than average for four birds 

overall, and for all five birds on night 1 of the blocked door.  During nights 2-4, the 

number of attempts at the preferred door decreased for most or all birds, while the 

number of attempts at the least preferred door increased.  Rates of wing flapping 

increased in four birds for the blocked door overall, with three birds showing 

increased rates on nights 1 and 2 of the blocked door.  Pecks at the BDU were 

increased in five birds for the blocked door overall, and in three of five birds on the 

first night of the blocked door.  Three of five birds showed an increased rate of 

pacing behaviour for the blocked door overall. 

 

Bird 8, who did not push at the 80% workload, made one attempt at the preferred 

substrate door on the first night of that workload, and no further attempts on nights 2-

4.  Bird 10, who did not push at 120%, made no attempts at all to push the preferred 

substrate door on nights 1-4 of that workload.  Neither bird made any attempt to pass 

the least preferred substrate door. 
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Table 5.6:  Number of ducks (n=6) that expressed behaviours at the same level (=), less often (-) or more often (+) than their individual baseline, when 

performing increasing amounts of work in a behavioural demand unit to access a nest containing their preferred substrate (sawdust).  Shaded values indicate 

that a majority of birds expressed a behaviour more or less often than their baseline. 

 

  

  0%  20%  40%  60%  80%  100%  120% 

BEHAVIOUR    - = +  - = +  - = +  - = +  - = +  - = + 

Looks through doors                            

Proportion to 
preferred 

nest door 

 

 

 

0 4 1 

 

0 6 0 

 

0 6 0 

 

0 5 1 

 

0 4 2 

 

0 5 1 

Number towards 
preferred nest door 

 
 

 
0 6 0 

 
0 6 0 

 
0 6 0 

 
0 6 0 

 
0 6 0 

 
0 6 0 

Number towards 
least preferred nest 
door 

 
 

 
0 6 0 

 
0 6 0 

 
0 6 0 

 
0 6 0 

 
0 6 0 

 
0 6 0 

Attempts at doors                           

Proportion at 
preferred  

nest door 

 

BASELINE 

 

1 5 0 

 

0 6 0 

 

0 6 0 

 

0 6 0 

 

0 6 0 

 

0 6 0 

Number at preferred 
nest door 

 
 

 
0 5 1 

 
0 3 3 

 
0 4 2 

 
0 2 4 

 
0 1 5 

 
0 1 5 

Number at least 

  preferred nest door 

 
 

 
0 6 0 

 
0 6 0 

 
0 6 0 

 
0 6 0 

 
0 6 0 

 
0 6 0 

Rates of behaviour 
(frequency per minute)  

 
 

 
   

 
   

 
   

 
   

 
   

 
   

Tail shaking    0 6 0  0 6 0  0 5 1  0 6 0  0 6 0  0 6 0 

Feather fluttering    0 3 3  0 6 0  0 4 2  0 4 2  0 4 2  0 5 1 

Wing flapping    0 6 0  0 6 0  0 6 0  0 6 0  0 5 1  0 6 0 

BDU pecking    0 6 0  0 6 0  0 6 0  0 6 0  0 5 1  0 6 0 

Head shaking    0 6 0  0 6 0  0 5 1  0 5 1  0 5 1  0 5 1 

Pacing    0 6 0  0 6 0  0 6 0  0 5 1  0 6 0  0 6 0 

Preening    0 6 0  0 6 0  0 5 1  0 5 1  0 4 2  0 6 0 
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Table 5.7:  Number of ducks (n=5) that expressed behaviours at the same level (=), less often (-) or more often (+) than their individual baseline, when 

access to a nest containing their preferred substrate (sawdust) was denied by blocking the door.  Shaded values indicate that a majority of birds expressed a 

behaviour more or less often than their baseline. 

   0%  Blocked Total  Blocked 1  Blocked 2  Blocked 3  Blocked 4 

 BEHAVIOUR    - = +  - = +  - = +  - = +  - = + 

Looks through doors                       

Proportion to preferred  
nest door 

    1 4 0  0 5 0  1 4 0  2 3 0  3 2 0 

Number towards preferred 
nest door 

    0 5 0  0 2 3  0 5 0  0 5 0  0 5 0 

Number towards least 
preferred nest door 

    0 5 0  0 4 1  0 5 0  0 5 0  0 5 0 

Attempts at doors                       

Proportion at preferred  
nest door 

 BASELINE  4 1 0  0 5 0  4 1 0  4 1 0  4 1 0 

Number at preferred nest 
door 

    0 1 4  0 0 5  4 0 1  5 0 0  5 0 0 

Number at least preferred 
nest door 

    0 2 3  0 3 2  0 2 3  0 2 3  0 2 3 

Rates of behaviour 
(frequency per minute) 

                      

Tail shaking     0 5 0  0 5 0  0 5 0  0 5 0  0 4 1 

Feather fluttering     0 4 1  0 4 1  0 4 1  0 5 0  0 5 0 

Wing flapping     0 1 4  0 2 3  0 2 3  0 5 0  0 5 0 

BDU pecking     0 0 5  0 2 3  0 3 2  0 3 2  0 4 1 

Head shaking     0 3 2  0 3 2  0 5 0  0 3 2  0 4 1 

Pacing     0 2 3  0 5 0  0 4 1  0 4 1  0 4 1 

Preening     0 4 1  0 5 0  0 5 0  0 5 0  0 4 1 
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Concentration of corticosterone in egg albumen 

The concentration of corticosterone in the egg albumen was not affected by the increasing 

workload, or the inability to access the preferred nest site (F(8, 290) = 0.89, p =0.52, Figure 

5.7).  The mean corticosterone concentration across all nights was 12.72 (SD = 4.47) 

ng/ml. 

 

 

 

 

 

 

Figure 5.7:   Concentrations of corticosterone in egg albumen of laying Pekin ducks performing increasing 

workloads to access a nest with their preferred substrate.  “Blocked” refers to the point at which the door was 

secured and unable to be opened, but the nest was still visible to the birds.  The box plots are the combined 

values for all 4 nights at each workload. 
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5.4 Discussion   

 

The aims of the study were to determine if Pekin ducks show a preference for a particular 

nesting substrate, to assess the importance of those preferences by asking ducks to work 

increasingly hard to access their preferred substrate, and to assess their responses when 

they were unable to access their preferred nest.  The hypothesis that ducks have 

preferences for nesting substrate was supported by the results of the preference test, and 

the pattern of nest use and interaction when the birds had open access to both substrate 

options.  The hypothesis that ducks are willing to work for their preference, and will show 

signs of stress when they are unable to access their preferred nest, was supported.  The 

results of the behavioural demand test indicate that half of the ducks (6 of 12) were highly 

motivated to access their preferred substrate.  The ducks were willing to work to 120% of 

bodyweight to access the nest, and they experienced SIH and changed their behaviour 

when they were unable to access their preferred substrate.  However, any stress that 

occurred when they were unable to use their preferred nesting substrate was not reflected 

in changes in the concentration of corticosterone in egg albumen.  

 

The overall rank order of substrate preferences was sawdust > hemp fibres > astroturf, 

indicating that ducks have nest substrate preferences.  Further evidence of substrate 

preference was found in the greater proportion of time that the birds spent in the nest box 

that contained the preferred substrate (sawdust), or in the immediate area around this box, 

and the greater number of nest investigations and visits directed to the nest containing 

sawdust.  One way to interpret those results is that, when offered a choice, Pekin ducks 

prefer to use nesting substrates that can be manipulated.  Similar preference for 

manipulatable nest substrates has been shown in chickens (Appleby et al., 1988; Huber et 

al., 1985; Rietveld - Piepers, 1987), whilst farrowing sows also preferred nesting areas that 

contained straw over those that had structural elements of preformed nests (e.g. a hollow) 

but did not contain substrate (Arey, 1992).  The results from the preference test indicate 

that of the two manipulatable substrates, the ducks preferred sawdust over hemp fibres.  

The reasons for this are not entirely clear, but may be due to differences in particle size 

(hemp fibres being longer and larger), scent, or perhaps familiarity due to previous 

exposure to sawdust in the early stages of rearing.  The issue of familiarity in preference 

testing is well recognised: animals may be attracted to, or avoid, environments that they 

have had previous experience with, though this may change over time as they become 
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familiar with all available options (Fraser & Nicol, 2011).  Whilst it is difficult to know 

whether previous experience with sawdust influenced the initial choices made by ducks in 

the preference test, the repeated exposure to all substrates, and relatively close split 

between sawdust and hemp, suggest that familiarity was not the key driver in ducks’ 

choosing sawdust overall.  A larger differential between sawdust and hemp, as well as 

sawdust and astroturf, would have been expected if that was the case.  It is worth 

considering that the overall preference for manipulatable substrates may be due to 

retained nest protection behaviour from the Mallard wild-type, where eggs are covered 

with nest material to conceal them (Kreisinger & Albrecht, 2008). 

 

Most ducks were motivated to use a preferred nest substrate.  Six of the 12 birds 

completed all workloads and attempted to pass the preferred substrate door even when it 

was blocked, while another four birds were willing to overcome workloads of between 40 – 

100% bodyweight for access to the preferred nesting substrate.  For those ducks that 

completed all workloads, SIH first occurred when they were required to push 100% of their 

bodyweight, which is similar to the results of the previous study (Chapter 4), where 80% 

was the first workload at which SIH was observed.  It is possible that the SIH seen at 

100%, 120% and the first night of the blocked door was due in part to the heat production 

that is associated with physical exertion.  However, physical exertion cannot explain the 

results on nights 2-4 of the blocked door, because the birds still develop SIH despite 

making fewer attempts at the blocked door, and more at the “free” (unweighted) least 

preferred substrate door, which would have required much less effort.  Thus, the results 

indicate that if a bird is highly motivated to use a preferred nest substrate, denying access 

to that resource elicits a stress response.  This is supported by the small relative 

probabilities of SIH occurring in the birds on nights 2-4 of the blocked door, and the lack of 

difference in the AUC between these nights and the first night of the blocked door.  The 

two birds that stopped pushing at 80% and 120% also showed SIH on nights when they 

made no attempts at the door, suggesting that they remained motivated for the nest but 

had surpassed their physical ability to access it, and experienced stress, most likely due to 

frustration, as a consequence. 

 

The behavioural observations provide a baseline of information from which behavioural 

indicators of frustration in Pekin ducks can be further explored.  A majority of ducks 

showed an increased number of attempts and looks through the preferred substrate door, 

and increased rates of wing flapping and BDU pecking on the first night of the blocked 
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door.  Elevated rates of wing-flapping, BDU pecking, and pacing were also seen in a 

majority of birds overall.  Whilst these results should be interpreted with caution, owing to 

small sample size and the limited ability for a robust statistical analysis, they do provide 

some preliminary information on changes in behaviour that might be useful indicators of 

frustration in ducks.  These behaviours have also been shown to be indicators of 

frustration in other bird species.  Increased pacing behaviour is seen in laying hens that 

have no, or restricted, access to a nest box, compared to those that are provided nest 

access (Yue & Duncan, 2003), and in food-deprived hens that can see but not access a 

food reward (Duncan & Wood-Gush, 1972).  Wing-flapping in pigeons is increased during 

the early stages of a discrimination task in birds that haven’t yet learnt to correctly predict 

the presence or absence of a reward (Terrace, 1972).  Redirected pecking in hens 

increases under operant learning conditions, when the hens are required to learn reversal 

of a task, or the task is not rewarded at all (Kuhne et al., 2011).  It is also interesting to 

note that food-deprived hens show increased aggression towards a con-specific when they 

can see, but not access, food.  This aggression takes the form of pecking and gripping the 

other bird with its beak (Duncan & Wood-Gush, 1971).  It is worth speculating that the 

BDU pecking behaviour seen here in the ducks may be a form of redirected pecking, and 

may have become aggressive if they were in the presence of another bird, as substantial 

evidence exists to indicate that not rewarding a previously rewarded task leads to a state 

of frustration and subsequent aggression between birds (Papini et al., 2019).  If such 

behaviour is considered in the commercial farming context, it can be theorised that where 

competition for resources exist (food, nests, mates), or the environment does not allow the 

expression of behaviours that animals are highly motivated to perform, aggressive 

interactions or abnormal behaviours due to frustration may occur.   

 

Three of the five ducks showed elevations in pacing on the first night when the door to the 

nest containing sawdust was blocked, but pacing behaviour otherwise remained largely 

unchanged.  This seems to contrast previous findings in several studies of hens, where 

increased pacing is thought to be an indicator of frustrated nesting behaviour (e.g. Cooper 

& Appleby, 1994; Cronin et al., 2012; Sherwin & Nicol, 1993a; Tahamtani et al., 2018; 

Wood-Gush, 1972; Yue & Duncan, 2003).  A possible reason for the limited change in 

pacing seen here may be the different method of data collection used the rate at which 

pacing occurred was used, whereas many other studies counted the actual number of 

steps taken by birds.  Thus, it would be useful in future to assess the step count of ducks 
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in potentially frustrating situations to better align the interpretation of data with that in other 

species.   

 

Displacement preening has previously been associated with frustration in hens (Duncan & 

Wood-Gush, 1972).  In the experiment reported here, changes in preening behaviour were 

not seen, suggesting either that preening may not be a useful indicator of frustration in 

ducks, or that frustration was not present.  It is possible that due to the small sample size, 

and the generally low frequency at which preening occurred, an accurate representation of 

displacement preening was not gained in this experiment.  Despite that possibility, it is not 

possible to assert that preening serves as a displacement behaviour for ducks, based on 

current literature or the experimental data reported here.  Preening behaviour in ducks 

may be dry (occurs without water use) or wet (water is splashed over the head/body; 

Jones & Dawkins, 2010b).  In fact, the Pekin ducks in that experiment were found to spend 

more time dry preening than wet preening.  The typical diurnal pattern of preening in Pekin 

ducks has yet to be established, before further conclusions on its function as a 

displacement behaviour can be made.  Thus, preening as a possible indicator of frustration 

in ducks requires further exploration. 

 

It is interesting to note the association between nest use and SIH in the ducks that were 

exposed to the blocked door.  Birds 2 and 4 chose to enter the least preferred substrate 

nest on either night 1 (bird 4) or 2 (bird 4) of the blocked door, and all subsequent nights 

thereafter.  The occurrence of SIH also diminished in those two birds after night 2.  In 

contrast, birds 6 and 11 exhibited SIH on all nights of the blocked door, and never chose to 

use the alternative nest.  Bird 7 also exhibited SIH on all four nights of the blocked door, 

but chose to use the least preferred astroturf on the last night.  There are two possible 

explanations for these differences.  The fact that Birds 6 and 11 chose never to use the 

least preferred substrate might be because their failure to pass the blocked door was such 

a negative experience that it impacted their willingness to try the alternative door.  This is 

in keeping with the findings of Chapter 4, where ducks made no further attempts to pass 

the blocked door after failing at it on the first night.  An alternative explanation is that Birds 

2, 4, and 7 elected to use the least preferred substrate on the basis that is was the most 

adequate option available to them.  These birds showed SIH on the first night that they 

were excluded from the preferred substrate and used the astroturf, suggesting that on that 

occasion they were frustrated by not being able to use the preferred substrate.  However, 

the lack of SIH in Birds 2 and 4 on subsequent nights suggests that they had accepted the 
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astroturf as being better than laying on the floor.  Thus, it may be that the astroturf was 

considered the “best of the worst” nest substrate on offer.  In contrast, birds 6 and 11 may 

have viewed the astroturf as equally, or more undesirable, than the floor, and elected not 

to pass the alternative door.  The diminished SIH response in Birds 2 and 4 could be 

explained by the process of habituation, where an animal’s response to a stressor 

decreases with repeated exposure.  One such example of SIH habituation in other species 

is the decreased magnitude of core temperature change that is seen in rats that are 

repeatedly exposed to restraint and cage confinement (Barnum et al., 2007).  If habituation 

did occur, this indicates that birds 2 and 4 showed greater resilience with regard to nest 

substrate choice compared with birds 6 and 11.  How one duck might come to be more 

resilient when unable to access a preferred resource than another is as yet not 

understood, but possible explanations may include genetic predisposition, broader early 

life experience, or variations in individual personality traits.  Given that all birds were raised 

in the same flock under the same conditions, early life experience in terms of exposure to 

environmental stimuli seems a less likely explanation in this instance.  However, individual 

responses to the same stimulus can be influenced by personality, which is in turn likely to 

affect the resiliency of that individual (Colditz & Hine, 2016).  Thus, future work could look 

towards identifying behavioural syndromes and personality traits (as per Mackay & 

Haskell, 2015), to further explore the variability of stressor responses within the Pekin duck 

population.  

 

Although some ducks used the astroturf-lined nest on occasion, the overall acceptability of 

this substrate was low.  Besides being the lowest ranked substrate in the preference test, 

six of the 12 birds never used the astroturf nest during the behavioural demand tests (two 

birds that completed all workloads, and four birds that stopped pushing earlier for the 

preferred sawdust substrate).  Astroturf may be considered a practical substrate to use in 

poultry farming, as it is easier to provide and maintain than loose litter materials.  However, 

when making decisions about the type of resource to provide for animals, a straight-

forward consideration of whether animals will use it may be insufficient for meeting welfare 

needs.  Instead, the aim should be to provide resources that encourage positive affective 

states by allowing the full expression of those behaviours that an animal is motivated to 

perform.  The expression of nesting behaviour can be affected by the type of substrate that 

is provided to an animal.  For example, chickens express nesting behaviour most fully 

when they are provided peat, compared to astroturf or wire mesh, with wire mesh resulting 

in a restless pattern of nesting behaviour (Struelens et al., 2008).  In farrowing sows, the 
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provision of straw allows for the most complex expression of nest-building and reduces 

stereotypic behaviour, compared to peat or no substrate at all (Rosvold et al., 2018).   

 

In Australian duck production systems, it is typical for the barn floor and nest boxes to be 

lined with some form of manipulatable substrate, and the presence of nesting bowls within 

the boxes are evident (personal observation).  However, internationally available 

automated duck nests use either astroturf nest pads (Potters Poultry, Rugby, UK) or soft 

rubber mats (Vencomatic Group, Meerheide, The Netherlands).  Both of these substrates 

lack the ability to be moulded into a bowl shape, something that is considered to be 

important to hens (Duncan & Kite, 1989; Hughes, 1993).  Although hens accept pre-

moulded nests willingly if they can express nesting behaviour, nests containing litter are 

still more attractive than pre-moulded nests, suggesting that nest substrate is of value 

(Duncan & Kite, 1989).  Farrowing sows show similar preferences, choosing to spend most 

time on a straw substrate and avoiding areas with pre-formed nests (Arey et al., 1992), 

again suggesting that substrate holds value to nest-building animals.  The acceptability of 

pre-moulded nests to Pekin ducks has not been investigated.  However, given the strong 

preference for manipulatable substrates that was shown by ducks in the present study, the 

commercial availability of non-manipulatable substrates in large automated systems, and 

evidence in other species of the impact that substrate has on nesting behaviour, future 

studies should investigate whether the expression of duck nesting behaviour is influenced 

by the type of nest substrate that is available. 

 

The analysis of corticosterone concentration in egg albumen was consistent with the 

results of Chapter 4, where no differences were found due to either increasing workload or 

psychogenic stress.  Based on the findings of both studies together, it is concluded that 

although changes in body temperature indicate that a stress response is more likely to 

occur with increased physical exercise and the inability to access a preferred nest site, any 

related elevations of systemic corticosterone are not of large enough and/or long enough 

to be reflected in the concentration of corticosterone in the albumen. 

 

5.5 Conclusions 

 

Laying Pekin ducks exhibit preferences for manipulatable nesting substrates.  Astroturf 

was found to be generally undesirable for the purposes of nesting.  Access to a preferred 
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nesting substrate carries a high level of importance for ducks; most ducks were willing to 

expend increasing effort to pass through a push-door to gain access to the preferred 

nesting substrate, and SIH when they were unable to do so.  Changes to some 

behavioural indicators suggest some additional evidence of frustration, and provide an 

initial reference point for future studies of frustration-related behaviours in this species.  

Similar to previous findings, the measurement of corticosterone concentration in egg 

albumen was not a useful indicator of stress in this situation.  The results indicate that in a 

commercial farming context a manipulatable substrate, such as sawdust, should be 

provided to nesting ducks.  Practical considerations, such as on-going availability, hygiene 

and the cost of substrates are all valid issues that need to be taken into account.  As this 

was the first report of ducks showing preference for a nesting substrate, further work is 

required to validate these findings and explore how attractive ducks find different 

substrates in commercial settings, and whether this can help mitigate the prevalence of 

floor-laying in this species. 
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GENERAL DISCUSSION 

 

 

 

 

 

 

Ducks in a row…briefly.  Photo by L. Barrett. 
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The overall objective of this thesis was to understand the importance of a nest to Pekin 

ducks when they lay an egg.  This objective was achieved by studying whether differences 

existed in the pre-laying behaviour of ducks that lay an egg on the floor versus those that 

lay in a nest, investigating the motivation of laying ducks to use a nest, and exploring 

preferences for nest substrate.  Chapter 2 detailed the results of an on-farm observational 

study that sought to determine if there were differences in the pre-laying behaviour of 

ducks that lay an egg on the floor versus those that lay in a nest.  Chapter 3 described the 

development of a behavioural demand method for use specifically in Pekin ducks, which 

was then used in the experiments presented in chapters 4 and 5.  The motivation of ducks 

for an established nest site, and the effect that denying them access to that nest had on 

behaviour and stress physiology were presented in chapter 4.  The existence of nest 

substrate preferences, and the ducks’ motivation to use their preferred nest substrate, was 

presented in chapter 5.  The following discussion presents a summary of the findings, 

reflection on some methodological matters that arose during this research, and concludes 

by considering how this work can be viewed in the context of future management 

strategies and research directions. 

 

Key findings 

 

The work reported in chapter 2 identified that there were differences in the pre-laying 

behaviour of some floor-laying ducks compared to those that laid in a nest.  Thirteen of 24 

floor-laying birds never engaged with a nest box before laying, while the other 11 floor-

layers used nest boxes similarly to nest-laying birds.  Nest box competition seemed to be a 

contributing factor to floor-laying, because heightened levels of aggression were observed 

in ducks (both floor and nest-layers) that did interact with nest boxes compared to the 

ducks that did not.  

 

In the work reported in chapter 3, a push-door operant task was used to develop and 

validate a behavioural demand test for ducks.  Ducks, like other poultry species, can learn 

operant tasks, with 75% of ducks successfully learning the push-door task.  To develop the 

behavioural demand test, the social nature of ducks was exploited by requiring them to 

work harder to return to their group and avoid isolation.  The fact that the ducks were 

prepared to work against a weighted door to return to their flockmates indicates that social 

contact is an important resource to female Pekin ducks.  
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In the work reported in chapter 4, the behavioural demand test that was developed in 

chapter 3 was modified to test whether ducks would work to obtain access to a nest site.  

The fact that they did indicates that a nest is a resource of significance to laying Pekin 

ducks.  Most (7 of 12) of the ducks were motivated to exert varying degrees of effort to 

access their nest.  When birds (n = 5) were prevented from accessing their nest, 

frustration, indicated by SIH, occurred.  The push-door method was found to be useful for 

assessing motivation to a point, but design refinements are needed to improve 

discrimination of motivation levels without putting birds at risk.  The concentration of 

corticosterone in the egg albumen was not found to be a useful indicator of stress.   

 

Manipulatable nesting substrates were preferred by laying Pekin ducks, and ducks were 

motivated to work increasingly hard for their substrate preference (chapter 5).  Stress- 

induced hyperthermia was again seen when the ducks were unable to use their preferred 

nest site, further substantiating the findings of chapter 4.  Increased rates of wing-flapping, 

aggressive pecks, and pacing that was seen in some ducks when nest access was 

prevented suggest that these behavioural indicators may be useful candidate behaviours 

for further exploring the presence of frustration in this species.  The results of this study 

suggest that a manipulatable substrate, such as sawdust, is a valued resource to ducks, 

and should be provided in commercial farming systems.  However, more research is 

indicated to confirm the validity of these findings in a commercial situation, to ensure that 

overcoming the practical issues of substrate provision (e.g. availability, cost, and hygiene) 

are warranted.  The concentration of corticosterone in egg albumen again did not prove to 

be useful for identifying a stress response.   

 

Taken together, the findings of this thesis support the contention that laying ducks are 

typically motivated to use a suitable nest site, although the levels of motivation varied 

between individuals.  Across both behavioural demand studies (Chapters 4 and 5), fifty 

percent of the ducks showed a very high level of motivation to use nests (i.e. performed 

the maximum possible workloads and attempted to pass a blocked door).  The remaining 

ducks showed a spectrum of motivation for the nest, from low (two of twelve birds did not 

attempt the 0% workload in chapter 4) to comparatively high (at least half of the workloads 

were completed by two birds in chapter 4 and three birds in chapter 5).  Nest site 

conservatism was high in both studies, with birds that completed all workloads laying in the 

same location more than 95% of the time before nest access was denied.  Those birds 
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that stopped pushing at earlier workloads still laid in the same site 68-78% of the time.  

These figures support previous evidence that ducks have strong fidelity to a nest site once 

it is established (Makagon et al., 2011).  In both behavioural demand studies, SIH was 

exhibited and an increased number of attempts were made at the push door when access 

was prevented, suggesting that the nest was valued by the ducks because they were 

prepared to work harder to access it.  These results indicate that highly motivated birds 

that cannot use a suitable nest experience stress, most likely due to frustration.  Floor-

laying in this species cannot then be fully attributed to low nest-seeking motivation, and 

issues such as competition and nest substrate need to be considered in any future 

management strategies to manage floor-laying.   

 

Methodological considerations 

 

The observational study that was described in chapter 2 has shown the value of using a 

non-invasive technique to provide insight into animal interactions, both with each other and 

the resources around them.  The use of recorded video footage removed the need for an 

observer to be present, and any confounding effects that such a presence may have had 

on the birds’ behaviour.  However, the inability to identify individual animals on the video 

created a practical issue that requires resolution, so that repeat observations of the same 

individual can be identified, and accounted for in the data analysis.  This would greatly 

improve the robustness of the data interpretation that is derived from such studies.  

Identifying individual birds would also allow for improved spatial tracking through their 

environment.  Knowledge of how and where individual birds spend their time would allow 

for much improved understanding of how issues such as nest conservatism might operate 

in commercially housed Pekin ducks.  Being able to assign known outcomes of behaviour 

to individual animals would also provide a more informed picture on the skewness of that 

behaviour within a group of animals (i.e. is the behaviour generalised across all 

individuals, or driven by only a few), which may allow for more effective interventions that 

subsequently improve the welfare of a greater number of individuals (Winckler, 2019).  

 

The behavioural demand test that was developed and used for this research was an 

effective means of measuring ducks’ motivation for a resource.  In future, it would be 

beneficial to start with a larger number of birds, to account for the 25% attrition that will 

likely occur due to lack of learning the operant task.  Having a greater number of subjects 



  
   

  142  
 

in the behavioural demand test would then allow for a more robust statistical analysis, and 

provide a more comprehensive picture of individual variation in motivation for the given 

resource.  There are many prospective applications for this tool, beyond questions of nest 

use.  Perhaps the most obvious is the issue of open water access for farmed ducks.  

Behavioural demand has been useful in addressing questions of water provision in other 

species that are farmed (e.g. mink; Cooper & Mason, 2001) or kept for research purposes 

(e.g. ferrets; Reijgwart et al., 2016), and the periodic resurfacing of the debate (e.g. Animal 

Liberation 2013; RSPCA, 2017) in ducks suggests that more attention must be directed 

towards answering the question in this species too.  However, although behavioural 

demand tests in ducks have proven to be possible, and informative, the need for 

refinement of the method is a priority before progressing further with it.   

 

Having to impose an artificial maximum workload, for the safety and well-being of the 

birds, has posed some constraints on data interpretation, and highlights the practical 

problems of trying to apply theories of best practice (i.e. let the animals work until they 

can/will no longer work).  Thus, there is a need to develop the behavioural demand test in 

a way that will allow measures of motivation to be determined without compromising bird 

safety at higher workloads.  Without being able to fully determine the strength of a duck’s 

motivation for different resources, it is also not possible to take our interpretation further 

and begin to understand how different resources rank in importance for these birds.  The 

inevitable pressure of time meant that a re-design of the door and weight apparatus, and 

subsequent validation protocols that would have been needed, were not possible to 

achieve during this research. 

 

Chapters 4 and 5 have shown that stress induced hyperthermia can be a useful measure 

of an animal’s willingness to exert increased effort for a resource, and an indicator of 

frustration when they are unable to access that resource.  However, the use of core body 

temperature data for identifying SIH is necessarily invasive, and in the interests of the 

“refinement” aspect of the 3Rs, moving towards the use of peripheral temperature data 

would be more desirable.  During times of acute stress, the rise in core temperature is 

associated with cutaneous vasoconstriction, leading to a reduction in skin temperature 

(Moe et al., 2017).  Use of technologies such as infrared thermography (IRT) offer 

opportunities here.  Birds will use peripheral “thermal windows” such as bills, feet, and 

facial skin to thermoregulate, with the relative temperature gradients being discernible with 

IRT cameras (Tattersall & Cadena, 2010).  Developing validated IRT methods that use eye 
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and facial skin temperature changes has already been proposed as a potential means to 

study SIH in birds (McCafferty, 2013).  In chickens, handling results in a reduction of 

footpad temperature (Moe et al., 2017) and decreased comb and wattle temperature, with 

the degree of change being associated with stressor intensity (Herborn et al., 2015).  

Thus, there is scope to explore whether the use of IRT on a duck’s feet, bill, or eye can 

provide a non-invasive means of demonstrating SIH in response to stress.  Though it is 

widely accepted that an increase in core temperature is reflected by a concomitant 

decrease in peripheral temperature, validation studies in ducks are warranted to determine 

the true relationship between these two parameters before widespread use of IRT for 

studies relating to animal welfare in this species. 

 

The concentration of corticosterone in egg albumen proved not to be a useful indicator of 

stress/frustration in the studies reported here.  Although denying the ducks access to their 

nest caused frustration, based on the occurrence of SIH and associated changes in some 

behaviours, it seems that any elevations of corticosterone were not significant enough to 

be detected in the analysis of albumen.  There are several possible explanations for that 

result, the most likely being that any frustration due nest site denial was probably too 

short-lived for significant amounts of corticosterone to be deposited in the albumen (Nicol, 

2015).  It has been demonstrated that only about 1% of blood corticosterone is transferred 

to the egg (Cook et al., 2009).  The majority of the albumen is deposited around the yolk 

during the approximately 2-3 hours that the yolk resides in the magnum of the reproductive 

tract (Johnson, 2000).  Thus, any small fluctuations in corticosterone that may occur due to 

a stressor would be harder to detect, given the small amount transported from blood to 

albumen, and the short, specific, time period.  The future use of this non-invasive indicator 

of stress in birds may be better directed towards those stressors that are known to be of 

sufficient chronicity and/or intensity to promote corticosterone deposition in albumen. 

 

Future directions 

 

The work reported in this thesis has identified that competition and nest substrate may 

influence the nest site choices of laying Pekin ducks, and these require further 

investigation to better understand their effect on nesting behaviour.  The identification of 

the FL-Out group leads to several avenues of future investigation, to determine why these 

individuals do not interact with nest boxes.  Besides competition, other factors that might 
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explain their behaviour are perhaps never learning to use nest boxes, or having low 

motivation for the nest boxes.  Each of these possible explanations requires a different 

approach to help decrease floor-laying.   

 

To address the issue of competition for nest boxes, further work is needed to determine 

how the ratio between the number of nest boxes and the number of females influences 

competition (indicated by aggression), to find the optimum ratio.  However, optimising the 

nest box: female ratio alone is unlikely to fully mitigate the effects of competition in a 

commercial farm setting.  Social interactions such as facilitation or competition may affect 

an individual animal’s motivation for a resource (Cooper, 2004), and more research is 

required to better understand how these affect nest choice in Pekin ducks.  The contrast of 

the behavioural demand test indicating a generally strong level of motivation for nest use, 

and the identification of the FL-Out ducks that never engaged with nest boxes, suggests 

that future research should be directed to exploring how social factors contribute to ducks’ 

willingness to use nests when they are housed in large groups.  Social dynamics have 

been shown to influence nest approach and selection in hens.  For example, hens took 

longer to approach a nest box, and tried harder to find alternative approaches, when they 

were required to pass a dominant or unfamiliar bird compared to when they were required 

to pass a known subordinate bird (Freire et al., 1997).  In group housed hens, an 

individual’s ability to maintain a specific nest site is related to her rank in the social 

hierarchy (Appleby et al., 1983), with group housed hen’s showing poorer nest site 

conservatism than individually housed hens (Appleby & McRae, 1986; Appleby et al., 

1983).  Competition for nests also appears to affect ducks’ ability to return to a specific 

nest site, with location consistency being lower in ducks that were housed with a nest box 

ratio of 1 box: 4 females than a ratio of 1: 1 (Makagon & Mench, 2011). 

 

The studies presented here, as with any behavioural demand study, addressed the 

motivation of individual animals for a resource.  It is not always possible to directly 

extrapolate findings from individual animals to group-housed animals (as in commercial 

duck production systems containing large groups of birds), because the effect of social 

structure is not accounted for.  However, it is still pertinent to understand the significance 

of a resource to an individual when processes such as social facilitation or competition do 

not interfere, before moving towards understanding how those processes may influence 

individual motivation for the same resource in a group setting.  Cooper (2004) suggests 

that social environment could in fact be used to determine the true cost of accessing 
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resources in group-housed animals by looking at either the cost of individual separation 

from the group (e.g. how far will they move from the group for a resource?), or the costs of 

competition, due either to aversive interactions or having to tolerate reduced personal 

space while using resources (e.g. how long will they engage with a resource under these 

conditions?).  Given that ducks typically appear motivated to use a nest, and show high 

levels of nest conservatism where possible, using such an experimental model to 

determine how ducks cope with “losing out” on a preferred nest site would be a positive 

step towards understanding the welfare consequences on birds that are unsuccessful at 

securing a preferred nest site in the commercial environment.     

 

Beyond improved understanding, and mitigation, of competition for nest boxes in ducks, 

ongoing research into what Pekin ducks consider a “suitable” nest to be, in terms of 

substrate, construction, space allowance etc., is still required.  If the nest boxes are not 

attractive to birds, then those birds are unlikely to use them.  That ducks, like other poultry 

species, have substrate preferences has now been established.  How this knowledge can 

best be applied in Australian duck production systems is an obvious direction for further 

work.  Most breeder duck sheds have the same substrate on the floor as in the nest boxes.  

The temptation may be to move towards alternative flooring systems, such as wire mesh 

or slats, and use substrate only in nest boxes, to increase the salience of the boxes to 

birds.  However, any move away from well-managed littered floors could have negative 

impacts in terms of poorer foot health and increased incidence of feather pecking in flocks 

(International Duck Research Cooperative, 2016; Rodenburg et al., 2005).  A better 

alternative may be a deeper exploration of substrate preferences, to determine if there 

exists an unequivocal preference that could be used in nests, or assessing how levels of 

enclosure and substrate might interact to improve the use of nest boxes.  It is currently 

unclear if the Australian duck industry will move towards automated nesting systems that 

use non-manipulatable substrates, although it has been considered in the recent past (I. 

Malecki, personal communication).  If this move does occur, the industry would be wise to 

explore how the absence of manipulatable substrates in these nests affects their use and 

the prevalence of floor-laying before large scale expenditure is made to introduce the 

changes. 

 

The identification of an FL-Out group of birds in chapter 2 prompts further questions about 

why some birds do not engage at all with nest boxes.  The theory of competition, and that 

some birds might be avoiding agonistic interactions by not using nests, has already been 
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addressed above.  Another possibility is that these birds have never learnt to use nest 

boxes.  Investigation into whether providing training for birds to use nest boxes affects the 

rate of floor-laying is an area that has yet to explored.  It has been reported that if 

managers of duck farms spend time in the shed placing floor eggs into nest boxes in the 

first few weeks of laying, then rates of floor laying can be reduced from the estimated 20% 

to less than 2% of eggs over a flock’s laying entire laying cycle (G. McLachlan, Pepe’s 

Ducks Ltd, personal communication).   

 

The low motivation of FL-Out birds to use nest boxes may have a genetic component.  If 

so, there may be opportunities to select against the trait, if it is able to be identified.  

Techniques such as quantitative trait locus (QTL) analysis may be one pathway to 

identifying and achieving trait selection.  A QTL analysis uses associations between 

phenotype and genotype to explain the genetic foundation of trait variation (Miles & 

Wayne, 2008).  Recent work with chickens has used QTL analysis to identify multiple 

genetic loci associated with maternal incubation behaviour, or “broodiness” (Basheer et al., 

2015), thus it does not seem unreasonable that nesting behaviour could be explored in the 

same way.  However, genetic selection against low nesting motivation may inadvertently 

result in increased competition for nest boxes and negative welfare outcomes for 

remaining birds, as the population would then consist of highly motivated individuals trying 

to access the nesting resource.  Here again, understanding the welfare implications for 

these birds of losing out on their preferred nesting resource would be advantageous.   

 

Another angle that requires further exploration is the prevalence of persistent floor-layers 

in the commercial population.  It is possible that at least some of the FL-Out birds could be 

persistent floor-layers.  If a genetic component for low nesting motivation can be 

established, whether there is a relationship between this and persistent floor-laying 

warrants investigation.  Previous work in ducks and chickens indicates floor-layers 

(individuals laying >70% floor-eggs) account for less than 10% of a flock (Makagon & 

Mench, 2011; Sherwin & Nicol, 1993a), though up to 20% was found in one analysis of 

nest site consistency in hens (Rietveld-Piepers et al., 1985).   

 

If the Australian duck industry wants to address floor-laying in a constructive manner, the 

likely reality is that a multifactorial approach will be required.  Perhaps the future of nest 

box provision needs to include a variety of presentations (e.g. differences in enclosure 

and/or substrate) to allow for individual preferences, alongside a move towards identifying 



  
   

  147  
 

birds that are motivated to use nest boxes but show flexibility (i.e. resilience or coping) with 

the types of boxes that they are they willing to use.  A great deal more work is still required 

to determine how the nest resource can be provided in a way that is economical for the 

producer whilst still allowing ducks to use a suitable nest and fully express nesting 

behaviour. 

 

Whether the complete absence of floor-laying is achievable, or whether minimisation of its 

occurrence is the more realistic industry goal, is unknown.  Regardless, the first step 

needs to be collection of robust data that provides a true indication of its prevalence in the 

Australian industry.  Current anecdote suggests that floor eggs account for 20% of those 

laid in commercial farms.  An economic analysis needs to be undertaken, so that the 

potential market gain to the industry of addressing floor-laying is fully understood.  Reliable 

quantification will allow the industry to truly understand the scale of the problem, and 

provide a more cohesive direction to future research into mitigation strategies.    

 

Conclusion 

 

The series of studies reported in this thesis has shown that the nest is an important 

resource to laying Pekin ducks.  Most individuals are motivated to use a nest and show 

fidelity to an established nest location.  Floor-laying in ducks thus cannot be entirely 

explained by a lack of nesting motivation.  Factors such as competition and nest substrate 

preferences appear to influence decisions about nest site selection in Pekin ducks.  The 

behavioural demand test is an effective tool for assessing motivation in ducks, but the 

current push-door design requires additional refinement before it is used for further work.  

Stress-induced hyperthermia can be used to assess the impact that denying access to 

valued resources has on an animal..  As far as it is possible to determine, this research is 

the first report of SIH being used to illustrate likely frustration in animals in response to 

denial of access to a valued resource.  Candidate behaviours that may indicate frustration 

in ducks have been identified, but further studies with larger samples across a range of 

contexts are needed to verify their usefulness for assessing welfare in this species.  

Corticosterone concentrations in egg albumen were not a useful indicator of stress in the 

studies reported here, and may be more suited to studying the effects of chronic, rather 

than acute, stress in birds.  Based on the findings of this research, several avenues for 

future research have been identified.  More information is needed on the interplay between 
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social dynamics and nesting decisions in ducks.  Ongoing work into enhancing nest 

attractiveness, through strategic use of substrate and other design elements, is warranted.  

In addition, looking at the possibility of genetic selection for nesting behaviour may be a 

longer-term opportunity to help reduce floor-laying.  With growth of the Australian duck 

industry predicted to continue, the issue of floor-laying will require a focused and 

collaborative approach if significant gains are to be made, both for financial benefits to 

producers, and welfare benefits to the ducks on farms.  
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APPENDIX A 

 
Table A1:  Point estimates of coefficients with standard errors (SE) from a Poisson regression of the number 

of interactions ducks (n=16) had when trying to exit the behavioural demand unit through two different door 

types. Values in bold type are significantly different at p ≤ 0.05. 

 

Variable Level Estimate SE Transformed 
P-
value 

    
(log 

count)   
estimate 
(count)   

Door type High  Reference    

 Low 0.29 0.09 1.34 0.001 

Pen 1   Reference     

 2 -0.31 0.11 0.73 0.006 

Door type x pen 
Low x Pen 
2 0.57 0.14 1.77 <0.001 
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Table A2:  Regression coefficients of linear mixed effects model for exit latencies of ducks from the 

behavioural demand unit at increasing workloads. 

 

Variable Level Estimate SE Transformed 
P-
value 

    (log seconds) estimate (s)   

Workload 10%   Reference     

 20% -0.1 0.17 0.90 0.36 

 30% -0.1 0.17 0.90 0.48 

 40% -0.02 0.17 0.98 0.49 

 50% -0.15 0.17 0.86 0.4 

 60% 0.01 0.17 1.01 0.83 

 70% -0.19 0.17 0.83 0.3 

 80% 0.19 0.18 1.21 0.27 

 90% 0.47 0.2 1.60 <0.01 

 100% 0.45 0.2 1.57 <0.01 

Pen Pen 1   Reference     

 Pen 2 0.38 0.28 1.46 0.22 

Workload x Pen 10% x Pen 2   Reference     

 20% x Pen 2 -0.43 0.24 0.65 0.04 

 30% x Pen 2 -0.42 0.24 0.66 0.06 

 40% x Pen 2 -0.57 0.24 0.57 0.01 

 50% x Pen 2 -0.5 0.24 0.61 0.03 

 60% x Pen 2 -0.64 0.24 0.53 <0.01 

 70% x Pen 2 -0.59 0.24 0.55 <0.01 

 80% x Pen 2 -0.96 0.25 0.38 <0.001 

 90% x Pen 2 -1.14 0.26 0.32 <0.001 

  100% x Pen2 -1.15 0.26 0.32 <0.001 
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Table A3:  Regression coefficients of Poisson regression for number of interactions ducks performed with 

BDU door at increasing workloads. 

Variable Level Estimate SE Transformed 
P-
value 

    
(log 
count)   

estimate 
(count)   

Workload 10%  Reference   

 20% -0.05 0.24 0.95 0.88 

 30% -0.1 0.21 0.90 0.75 

 40% -0.1 0.24 0.90 0.75 

 50% -0.18 0.24 0.84 0.59 

 60% -0.1 0.24 0.90 0.75 

 70% -0.15 0.23 0.86 0.63 

 80% 0.42 0.2 1.52 0.13 

 90% 0.87 0.21 2.39 0.001 

 100% 0.62 0.23 1.86 0.02 

Pen Pen 1   Reference     

 Pen 2 0.23 0.25 1.26 0.55 

Workload x 
Pen 10% x Pen 2  Reference   

 20% x Pen 2 -0.32 0.33 0.73 0.41 

 30% x Pen 2 -0.27 0.31 0.76 0.49 

 40% x Pen 2 -0.06 0.33 0.94 0.86 

 50% x Pen 2 -0.22 0.34 0.80 0.58 

 60% x Pen 2 -0.21 0.33 0.81 0.59 

 70% x Pen 2 -0.28 0.33 0.76 0.47 

 80% x Pen 2 -0.89 0.31 0.41 0.02 

 90% x Pen 2 -1.34 0.32 0.26 <0.001 

  100% x Pen2 -0.71 0.32 0.49 0.04 
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Table A4:  Regression coefficients of a linear mixed effects model of the mean duration of interactions ducks 

had with the push door before exiting the behavioural demand unit at increasing workloads. 

Variable Level Estimate SE Transformed P-value 

    (log seconds) estimate (s)   

Workload 10%   Reference     

 20% -0.17 0.09 0.84 0.01 

 30% -0.12 0.09 0.89 0.07 

 40% -0.23 0.09 0.79 <0.001 

 50% -0.12 0.09 0.89 0.07 

 60% -0.15 0.09 0.86 0.03 

 70% -0.07 0.09 0.93 0.28 

 80% -0.19 0.09 0.83 0.004 

 90% -0.08 0.1 0.92 0.25 

 100% -0.26 0.1 0.77 <0.001 

Pen Pen 1   Reference     

  Pen 2 -0.14 0.011 0.87 0.06 

 

Table A5:  Regression coefficients from Poisson regression of the number of door pushes required by ducks 

to exit the behavioural demand unit at increasing workloads. 

Variable Level Estimate SE P-value 

       

Workload 10%  Reference  

 20% 5.20E-05 2.20E-01 1 

 30% 2.70E-05 2.90E-01 1 

 40% 4.10E-02 2.90E-01 0.9 

 50% 8.90E-03 2.90E-01 1 

 60% 4.10E-02 2.90E-01 0.9 

 70% 1.60E-06 2.90E-01 1 

 80% 2.90E-01 2.70E-01 0.29 

 90% 5.60E-01 2.60E-01 0.03 

 100% 5.40E-01 1.30E-01 0.04 

Pen Pen 1  Reference   

  Pen 2 -3.89E-01 1.32E-01 0.003 
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APPENDIX B 

 

Table B1:  Extended results of pairwise tests for ANOVAs in Chapter 4.  Numbers in bold are significant P 

values at the level of 0.05. 

 

Number of interactions with door       

  20% 40% 60% 80% 100% 120% 140% 160% Blocked 

0% 1 1 1 1 1 1 1 0.005 1 

20% - 1 1 1 1 0.16 1 <0.001 1 

40% - - 1 1 1 0.01 0.18 <0.001 0.14 

60% - - - 1 1 0.013 0.22 <0.001 0.17 

80% - - - - 1 0.51 1 <0.001 1 

100% - - - - - 0.58 1 <0.001 1 

120% - - - - - - 1 1 1 

140% - - - - - - - 0.33 1 

160% - - - - - - - - 0.62 

          
Mean duration of 
Interactions         

  20% 40% 60% 80% 100% 120% 140% 160% Blocked 

0% 1 1 1 1 1 0.68 1 0.41 0.62 

20% - 1 1 1 0.18 0.01 0.03 0.007 0.01 

40% - - 1 1 0.54 0.05 0.12 0.03 0.05 

60% - - - 1 0.1 0.005 0.02 0.002 0.005 

80% - - - - 1 1 1 0.64 0.96 

100% - - - - - 1 1 1 1 

120% - - - - - - 1 1 1 

140% - - - - - - - 1 1 

160% - - - - - - - - 1 

          
Number of attempts 
at door         

  20% 40% 60% 80% 100% 120% 140% 160% Blocked 

0% 1 1 1 1 1 0.68 1 0.02 0.02 

20% - 1 1 1 1 1 1 0.01 0.01 

40% - - 1 1 1 1 1 0.009 0.01 

60% - - - 1 1 1 1 0.009 0.01 

80% - - - - 1 1 1 0.04 0.05 

100% - - - - - 1 1 0.07 0.1 

120% - - - - - - 1 0.77 0.9 

140% - - - - - - - 0.5 0.67 

160% - - - - - - - - 1 
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Table B2:  Point estimates of regression coefficients for logistic regression of the incidence of hyperthermia 

in ducks exerting increasing amounts of work to access their nest (workloads 0-160%) or being unable to 

access their nest (Blocked door).  Numbers in bold are significant P values at the level 0.05. 

 Estimate SE z value P value OR 

0-160% workloads           

0%  Intercept    
20% -1.29 0.95 -1.36 0.17 0.28 

40% -1.29 0.95 -1.36 0.17 0.28 

60% -0.82 0.91 -0.90 0.37 0.44 

80% 2.55 0.93 2.73 0.01 12.83 

100% 1.42 0.87 1.64 0.10 4.14 

120% 1.42 0.87 1.64 0.10 4.14 

140% 3.50 1.04 3.36 <0.001 33.17 

160% 5.04 1.38 3.66 <0.001 154.22 

Blocked door           

Night 1  Intercept    
Night 2 8.46E-06 4.61E+07 0 1 1.00 

Night 3 4.77E-06 4.61E+07 0 1 1.00 

Night 3 -1.66E+01 3.16E+07 0 1 0.98 

 

Table B3:  Point estimates of regression coefficients for linear regression of the are under the curve of 

hyperthermia exhibited by ducks exerting increasing amounts of work to access their nest (workloads 0-

160%) or being unable to access their nest (Blocked door). Numbers in bold are significant P values at the 

level 0.05. 

 Estimate SE df t value P value 
Transformed 

estimate 

All workloads       
0%  Intercept     
20% -0.08 0.16 166.68 -0.52 0.61 0.92 

40% -0.14 0.16 166.68 -0.91 3.63 0.87 

60% -0.12 0.16 166.68 -0.79 0.42 0.89 

80% 0.61 0.16 166.68 3.80 <0.001 1.84 

100% 0.25 0.16 166.68 1.59 0.11 1.28 

120% 0.48 0.16 166.68 3.00 <0.01 1.62 

140% 0.92 0.16 166.68 5.78 <0.001 2.51 

160% 0.88 0.16 166.68 5.52 <0.001 2.41 

Blocked 0.67 0.17 167.32 3.95 <0.001 1.95 

Blocked door       
Night1  Intercept     
Night 2 -0.71 0.23 9 -3.01 0.01 0.49 

Night 3 -0.54 0.23 9 -2.29 0.05 0.58 

Night 4 1.00 0.23 9 -4.22 <0.01 2.72 
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APPENDIX C 

 

Table C1:   Individual results of preference test matrix for nesting substrate preferences in laying Pekin 
ducks.  S= sawdust, H = hemp, A = astroturf. Numbers in the top corner of each box are individual bird ID 
numbers. 

 

 

Bird 1  Excluded – did not lay an egg for the first 20 nights of preference test, and did not lay in 
either substrate on remaining nights. 
 

Bird 2  “Lost” David’s Score 

  Sawdust Hemp Astroturf  

“Won” 

Sawdust - 6 6 1.28 

Hemp 6 - 6 0.94 

Astroturf 0 1 - -2.22 

 

Bird 3  “Lost” David’s Score 

  Sawdust Hemp Astroturf  

“Won” 

Sawdust - 3 6 1.53 

Hemp 2 - 6 1.04 

Astroturf 0 0 - -2.57 

 

Bird 4  “Lost” David’s Score 

  Sawdust Hemp Astroturf  

“Won” 

Sawdust - 8 10 1.99 

Hemp 3 - 8 0.71 

Astroturf 0 0 - -2.70 

 

Bird 5   “Lost” David’s Score 

  Sawdust Hemp Astroturf  

“Won” 

Sawdust - 9 2 1.07 

Hemp 3 - 5 0.56 

Astroturf 1 0 - -1.63 

 

Bird 6   “Lost” David’s Score 

  Sawdust Hemp Astroturf  

“Won” 

Sawdust - 8 7 2.05 

Hemp 1 - 3 0.08 

Astroturf 1 0 - -2.13 
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Bird 7  “Lost” David’s Score 

  Sawdust Hemp Astroturf  

“Won” 

Sawdust - 5 3 2.38 

Hemp 0 - 2 -0.88 

Astroturf 0 1 - -1.50 

 

Bird 8  “Lost” David’s Score 

  Sawdust Hemp Astroturf  

“Won” 

Sawdust - 6 4 0.85 

Hemp 2 - 8 0.67 

Astroturf 3 0 - -1.52 

 

Bird 9  “Lost” David’s Score 

  Sawdust Hemp Astroturf  

“Won” 

Sawdust - 6 8 1.78 

Hemp 3 - 9 0.90 

Astroturf 0 0 - -2.68 

 

Bird 10  “Lost” David’s Score 

  Sawdust Hemp Astroturf  

“Won” 

Sawdust - 6 8 1.46 

Hemp 5 - 11 1.25 

Astroturf 0 0 - -2.70 

 

Bird 11  “Lost” David’s Score 

  Sawdust Hemp Astroturf  

“Won” 

Sawdust - 7 9 1.58 

Hemp 5 - 11 1.14 

Astroturf 0 0 - -2.73 

 

Bird 12  “Lost” David’s Score 

  Sawdust Hemp Astroturf  

“Won” 

Sawdust - 4 6 1.47 

Hemp 3 - 10 1.18 

Astroturf 0 0 - -2.65 

 

  



  
   

  170  
 

Table C2:   Results of ANOVAs of duck behaviour.  

Behavioural variable F value  P value 

Latency to pass preferred substrate door 1.99 (6, 148)) 0.07 

Latency to enter preferred substrate nest 0.42(6, 138) 0.87 

Time spent in nest 0.49 (3, 138) 0.81 

 
 
 
 
 
 
 
Table C3:  Point estimates of regression coefficients for logistic regression of the incidence of hyperthermia 

in ducks exerting increasing amounts of work to access a preferred nest substrate (workloads 0-120%).  

Numbers in bold are significant P values at the level of 0.05. 

Workload Estimate SE 
z 
value 

P 
value OR 

0%  Intercept    
20% -16.82 362.03 -0.05 0.96 0.00 

40% 1.26 1.21 1.04 0.30 3.52 

60% 0.77 1.27 0.61 0.54 2.15 

80% 0.77 1.27 0.61 0.54 2.15 

100% 3.97 1.16 3.42 <0.001 52.98 

120% 2.70 1.13 2.37 0.02 14.88 
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Table C4:  Point estimates of regression coefficients for linear regression of the area under the curve of 

hyperthermia exhibited by ducks exerting increasing amounts of work to access a preferred nest substrate 

(workloads 0-120%) or being unable to access the preferred substrate (Blocked door). Numbers in bold are 

significant P values at the level 0.05. 

Variable 
Estimate 

(log) SE df t value 
P 

value 
Transformed 

estimate 

Workload       
0%  Intercept     

20% -6.33E-16 0.18 164 0.00 1.00 1.00 

40% -6.21E-16 0.18 164 0.00 1.00 1.00 

60% -6.61E-16 0.18 164 0.00 1.00 1.00 

80% -6.61E-16 0.18 164 0.00 1.00 1.00 

100% 0.21 0.18 164 1.79 0.07 1.23 

120% 0.08 0.18 164 0.67 0.50 1.08 

Blocked 3.10E-01 0.18 164 2.62 0.01 1.36 

Pen       
Pen 1  Intercept     

Pen 2 -4.23E-16 
1.26E-

01 43.98 0.00 1.00 1.00 

Pen 3 1.20E-01 
1.26E-

01 43.98 0.94 0.35 1.13 

Workload x Pen       
0% x Pen 1  Intercept     
20% x Pen 2 3.65E-16 0.17 164 0 1 1 

20% x Pen 3 -1.19E-01 0.17 164 -0.72 0.47 0.89 

40% x Pen 2 1.07E-01 0.17 164 0.64 0.52 1.11 

40% x Pen 3 -1.02E-01 0.17 164 -0.61 0.54 0.90 

60% x Pen 2 2.21E-02 0.17 164 0.13 0.89 1.02 

60% x Pen 3 -1.08E-01 0.17 164 -0.65 0.52 0.89 

80% x Pen 2 4.12E-19 0.17 164 0.00 1 1.00 

80 x Pen 3 -1.43E-03 0.17 164 -0.01 0.99 0.99 

100% x Pen 2 2.36E-01 0.17 164 1.42 0.16 1.27 

100% x Pen 3 -1.02E-01 0.17 164 -0.62 0.54 0.90 

120% x Pen 2 3.99E-01 0.17 164.1 2.35 0.02 1.50 

120% x Pen 3 4.74E-04 0.17 164 0.00 0.99 1.00 

Blocked x Pen 2 7.41E-01 0.17 164 4.45 <0.001 2.10 

Blocked x Pen 3 4.19E-01 
1.70E-

02 164 2.52 0.01 1.52 

Blocked door       
Night 1  Intercept     
Night 2 2.00E-02 0.24 14 0.08 0.93 1.02 

Night 3 -4.50E-01 0.24 14 -1.87 0.08 1.56 

Night 4 -2.50E-01 0.24 14 -1.04 0.31 1.39 

Pen 2 7.40E-01 0.19 14 3.9 <0.01 2.09 

Pen 3  3.00E-01 0.23 14 1.3 0.25 1.35 

 




