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Abstract 

Cognitive bias tasks have been used effectively to assess the welfare of animals in a variety of 

captive settings. However, they have not yet been used to assess the welfare of wild animals, 

which is increasingly influenced by human activity. Therefore, I aimed to develop a cognitive 

bias task for use in the wild. I adapted the standard judgement bias paradigm to test free-

living woodland birds, with the prediction that birds in more fear-inducing habitats would 

show a cognitive bias by making more pessimistic judgements of an ambiguous stimulus. To 

assess the influence of a naturally variable environment on wild birds’ welfare, an area of 

woodland was mapped in order to identify areas expected to induce a high level of fear 

(further away from cover, closer to paths) and areas expected to induce a lower level of fear 

(close to cover, further away from paths and open areas). Free standing bird feeders were 

placed at 15 ‘high-fear’ and 15 ‘low-fear’ locations, as inferred from the map. At the feeders, 

a foraging-based judgement bias task was presented; the stimuli were artificial dough ‘worms’ 

of different colours – red and yellow. Following habituation, the red worms were made 

unpalatable by coating them with a Bitrex (denatonium benzoate) solution, and the birds’ 

learning of the colour discrimination was measured by recording the removal of worms over 

time. Finally, intermediate orange worms were introduced, to assess the birds’ judgement of 

an ambiguous stimulus. Location had a significant effect on the number of worms taken 

throughout the stages of the task, with consistently more being taken from the low-fear 

feeders. This difference in foraging behaviour suggests that the habitat map successfully 

identified locations that induced different affective states for birds, further evidencing the 

impact of understory cover and human disturbance on birds’ welfare. However, 

discrimination training was unsuccessful as the colour of the worms did not significantly affect 

how many were taken, potentially due to insufficient training presentations, or Bitrex not 

being an adequate deterrent. Therefore, it cannot be confirmed that the birds perceived the 

intermediate stimulus as ambiguous. This study highlights the potential advantages and 

challenges associated with using cognitive measures in the wild. Anthropogenic activity is 

increasingly impacting the welfare of wild animals, therefore, further developments of 

alternative methods for assessing the welfare of wild animals should be considered a research 

priority.  
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1. General Introduction 1 

 2 

Understanding animal emotions has become a core focus in the field of animal welfare 3 

science (Kremer et al., 2020). It is now widely accepted that animals experience emotions and 4 

moods, although definitions and proposed frameworks for how they arise, function, and 5 

interact vary. An ‘emotion’ is broadly defined as a response to a stimulus or event, comprising 6 

subjective, physiological, behavioural and cognitive components (Paul and Mendl, 2018). 7 

Emotions are always valenced (positive or negative) and can vary in duration and arousal (Paul 8 

and Mendl, 2018). ‘Moods’ are considered to be longer lasting affective states which are not 9 

linked to any specific stimulus or event, although they are thought to result from the animal’s 10 

cumulative experience of short-term emotions (Mendl et al., 2010a; Nettle and Bateson, 11 

2012). Mood states can influence decision making and affect the resulting discrete emotional 12 

responses, thus, there is a bi-directional relationship between emotional states and mood 13 

(Mendl et al., 2010a).  ‘Affect’ provides an overarching term for emotions and moods (Kremer 14 

et al., 2020), which is how the term will be used hereafter. 15 

It is worth noting that whether non-human animals experience the subjective component of 16 

affective states (i.e. conscious feelings) is still debated, and cannot be directly measured. 17 

Therefore, many researchers in this area use operational or functional definitions of animal 18 

affective states (Paul and Mendl, 2018; Mendl and Paul, 2020), and focus on the other, 19 

measurable components (Mendl et al., 2010a; Kremer et al., 2020). In line with this approach, 20 

when referring to animal affective states in this thesis I consider them functional responses 21 

to rewarding and punishing stimuli (Mendl and Paul, 2020), which may or may not include 22 

subjective experiences.  23 

One way in which animal welfare can be considered is in terms of affective state (Fraser, 24 

2008); a high-level of welfare is achieved if an animal experiences positively-valenced 25 

affective states and avoids negatively-valenced affective states (Spruijt et al., 2001; Boissy et 26 

al., 2007). 27 

Experiencing affective states is evolutionarily advantageous; moods and emotions function to 28 

maximise an animal’s acquisition of ‘rewards’ and resources, and their avoidance of 29 

‘punishments’ and harm (Mendl et al., 2010a; Nettle and Bateson, 2012; Bethell, 2015).  Such 30 
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systems evolved to aid animals’ survival in their natural environments (Mendl et al., 2010a) 31 

but our current understanding of animals’ affective states has predominantly been gained 32 

from research on captive and/or domesticated animals (Fraser, 2010; Kremer et al., 2020). 33 

Studying the affective states of wild, free-living animals has the potential to further our 34 

understanding of the evolution and function of emotions and moods in animals. Furthermore, 35 

the welfare of wild animals, and how this is impacted by anthropogenic activity, is of 36 

increasing scientific and public concern (Clegg et al., 2021; Clegg and Fabienne, 2018; Harvey 37 

et al., 2020; Beausoleil et al., 2018) (see section 1.3). In this thesis, I will first discuss pre-38 

existing measures of affective states in animals and consider their applicability to testing wild 39 

animals.  40 

1.1 Measuring Affective States in Animals  41 

It is not possible to directly measure subjective affective experiences in animals (although, 42 

see Wemelsfelder, 2007), but they can be inferred by measuring the changes in behaviour, 43 

physiology and cognition associated with these experiences (Mendl et al., 2010a; Kremer et 44 

al., 2020). Observable behavioural responses can include ‘whole animal behaviours’, such as 45 

approach or avoidance behaviour (Paul et al., 2018), or more specific responses such as facial 46 

expressions (Langford et al., 2010) and vocalisations (Briefer, 2012). The behaviours of wild 47 

animals in their natural environments can be observed, and camera trapping can make this 48 

non-invasive (Harvey et al., 2021). However, interpreting behaviour can be complex (Hall and 49 

Roshier, 2016), especially as responses can vary between species, individuals, and in different 50 

contexts. For example, whilst approach behaviour is generally associated with animals 51 

responding to appetitive, rewarding stimuli (Corr, 2013) some species perform predator 52 

inspection behaviour, which involves approaching a threatening stimulus rather than fleeing 53 

(Fishman, 1999). 54 

Affective states are also associated with physiological changes, which can provide more 55 

apparently objective, quantifiable measures. This is a very broad area of research; affect has 56 

been linked with various neuroendocrine, immune, and autonomic biomarkers (Kremer et al., 57 

2020). However, physiological measures of affective states can be confounded by 58 

methodological issues. For example, collecting samples can be invasive which is likely to 59 

influence the animal’s emotional state (e.g. blood sampling – Meyer et al., 2020; Schlicht and 60 

Kempenaers, 2018), and repeated sampling could also affect mood (Mendl et al., 2010a; 61 
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Nettle and Bateson, 2012). This can be an issue when taking physiological measures in the 62 

wild, especially when methods involve capturing and handling free-living individuals; wild 63 

animals are likely to have increased physiological reactions to handling than habituated 64 

captive animals (Bourne and Cunningham, 2019; Straub et al., 2003). Recent methodological 65 

developments can circumvent this, for example, faecal glucocorticoid metabolites in samples 66 

collected from the wild can be measured to monitor stress in birds (Jepsen et al., 2019). 67 

However, there are other issues related to the use of physiological measures to assess 68 

affective states; it can be difficult to infer valence from physiological measures (Paul et al., 69 

2005), for instance, Briefer et al., (2015) found that goats’ respiration rates increased with 70 

arousal, regardless of the valence of the inciting situation (anticipation of food vs food-related 71 

frustration or social isolation).  72 

In order to more accurately assess animals’ affective states and welfare, it is preferable to 73 

include multiple measures (Clegg and Fabienne, 2018). Webster (2005) described this through 74 

the ‘triangulation principle’, in which each component of affective state (behaviour, 75 

physiology and cognition) is a point on a triangle, and an animal’s welfare is in the centre. 76 

Adding additional measures from more than one component gets closer to the centre of the 77 

triangle – closer to more accurately identifying welfare (Webster, 2005). Compared to 78 

behavioural and physiological measures, cognitive measures of affective state have previously 79 

been overlooked, but new methods have made it more feasible to measure and include this 80 

component (Clegg and Fabienne, 2018); these methods will be discussed next. 81 

1.2 Cognitive Measures of Affective State 82 

An alternative method for assessing emotions in animals is testing their cognitive responses, 83 

as cognitive processes are also influenced by affective state (Paul et al., 2005). In human 84 

psychology, cognitive processes are known to be influenced by emotions and moods, which 85 

can cause cognitive biases – biases in memory, attention or judgement due to emotional state 86 

(Mathews and Macleod, 1994; Mathews and MacLeod, 2002). For example, people suffering 87 

from depression or anxiety (i.e. negatively valenced affective states) are more likely to recall 88 

negative information, attend to negative cues, and negatively interpret ambiguous cues 89 

(Mathews and MacLeod, 2005).  90 
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Recently developed cognitive methods for assessing the affective states of non-human 91 

animals have many potential benefits over other methods. They can indicate both the valence 92 

and arousal of an emotion and can be used to assess positive affective states, which have 93 

previously been overlooked (Paul et al., 2005; Mendl et al., 2009) but are vital for ensuring 94 

good welfare (Boissy et al., 2007). Cognitive biases arise in response to on-going mood states 95 

as well as short term emotions; they can therefore be used to assess moods (Mendl et al., 96 

2010a), which are harder to detect than stimulus-focused emotions (Paul et al., 2005). Below, 97 

the various types of cognitive bias tasks are discussed, including their potential use for 98 

assessing the welfare of wild animals.  99 

 100 

1.2.1 Memory Bias 101 

Affect-congruent memory biases occur when an animal has the propensity to store or recall 102 

information that is consistent with their current emotional state – an animal in a negative 103 

affective state may be better able to recall negative events, whereas an animal in a positive 104 

affective state may show better recall of positively-valenced events (Burman and Mendl, 105 

2018; Takatsu-Coleman et al., 2013; Kremer et al., 2020). In humans, memory biases can be 106 

assessed by testing recall of differently valenced words (e.g. Klaassen et al., 2002), but to 107 

measure memory biases in animals, testing of non-verbal recall is required. Recent studies 108 

have explored memory biases in rodents using radial arm mazes. Takatsu-Coleman et al. 109 

(2013) found that mice that experienced 12 hours of social isolation were subsequently better 110 

at avoiding aversive arms, demonstrating improved recall of negative information while in a 111 

negative affective state. Burman and Mendl (2018) also used a radial arm maze to investigate 112 

memory biases in rats, but additionally included positively valenced events. The rats’ social 113 

status was used to infer affective state; social status influenced how soon the rats made 114 

errors, and subordinate rats made errors earlier after a negative event, whereas dominant 115 

rats made earlier errors in tests following the positive event (Burman and Mendl, 2018).  116 

Although these studies demonstrate the potential for using memory biases as a measure of 117 

animals’ affective state, memory biases remain understudied compared to other cognitive 118 

measures. Currently, the established methodologies require extensive training (Burman and 119 
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Mendl, 2008) and complex artificial apparatuses, which limits their potential for use in the 120 

wild. 121 

1.2.2 Attention Bias 122 

Negative affective states function to promote an animal’s survival through avoidance of 123 

threats, thus, it is expected that animals in negative states would show increased attention 124 

towards potentially threatening stimuli (Paul et al., 2005; Crump et al., 2018). Such affect-125 

congruent attention biases have been well evidenced in humans (e.g. Mathews and MacLeod, 126 

1994). In animals, attention biases have been tested in multiple species; methodologies vary 127 

(Crump et al., 2018) but generally incorporate measures of vigilance behaviour. For example, 128 

Brilot and Bateson (2012) found that European starlings (Sturnus vulgaris) without access to 129 

bathing water showed increased vigilance behaviour in response to an alarm call.  130 

Repeatable methodology has been developed for assessing attention biases in livestock (Lee 131 

et al., 2016; Monk et al., 2018; Lee et al., 2018; Luo et al., 2019), which has been validated 132 

through use of anxiogenic drugs (Lee et al., 2016; Monk et al., 2018; Lee et al., 2018). It is not 133 

necessary to habituate animals to the apparatus, and so a benefit is that the test can be 134 

carried out quickly. It has been argued that this methodology detects the valence of the 135 

affective state, as opposed to arousal, although this assumption requires further testing 136 

(Monk et al., 2018). 137 

Attention bias tests have strong potential to be used in the wild. The vigilance behaviour of 138 

animals can be observed and associated with possible stressors (e.g. human disturbance - 139 

Fernández-Juricic and Telleria, 2000), which demonstrates potential for assessing wild 140 

animals’ attention biases using vigilance (Crump et al., 2018). ‘Looking time’ tasks, which 141 

measure animals’ gaze patterns towards visual stimuli, are simple and often do not require 142 

training, so could be effective for testing free-living animals (Crump et al., 2018). However, 143 

precise measures of gaze require more complex methods, such as eye-tracking or facial 144 

coding (Crump et al., 2018) which would be difficult to use in the wild.  145 

There are also general limitations to using attention biases to assess affective state. It can be 146 

difficult to interpret valence from attention biases; negative affective states have not 147 

consistently been associated with an increase in attention (Rochais et al., 2016), as this is 148 

likely to be context dependent. For example, Bethell et al. (2012) found that following a 149 
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negative experience, rhesus macaques (Macaca mulatta) showed initial vigilance towards 150 

images of aggressive conspecifics, but this was followed by avoidance of the aggressive faces. 151 

In this social context, a short-term negative emotional state may give rise to more submissive 152 

behaviour, resulting in reduced gaze towards a threatening conspecific (Bethell et al., 2012). 153 

Furthermore, attention biases are not always driven by affective state, for example, they can 154 

be in response to novelty (Crump et al., 2018). This could be particularly problematic in the 155 

wild - the lack of control over animals’ environment and experiences could make it difficult to 156 

identify the cause of a bias. 157 

1.2.3 Judgement Bias 158 

Affective states can also influence an animals’ judgement of ambiguous cues and situations 159 

(Kremer et al., 2020). Emotions and moods arise as a result of an animal’s experiences and 160 

subsequent expectations of ‘rewarding’ and ‘punishing’ events (Mendl et al., 2010a; Trimmer 161 

et al., 2013). Therefore, affective states can influence animals’ decision making and appraisal 162 

of novel stimuli in line with these expectations; it is adaptationally advantageous for an animal 163 

that lives in an environment with a high level of threat (causing a negative mood state) or has 164 

recently experienced a threatening event (causing a negative emotional state) to judge an 165 

ambiguous stimulus as if it was threatening, and alter its behaviour accordingly (Mendl et al., 166 

2010a). This concept is well-established in human psychology; people in negative affective 167 

states are more likely to make negative judgements of ambiguous situations (e.g. MacLeod 168 

and Bryne 1996; MacLeod and Salaminiou, 2001). Testing animals for biases in their 169 

judgement of ambiguous stimuli can therefore be used to infer their affective state. 170 

Harding et al., (2004) developed a methodology for testing judgement biases in animals that 171 

has now been implemented with numerous species. This process involves training an animal 172 

to associate one stimulus with a positive outcome, and another ‘reference’ stimulus with a 173 

negative outcome. Once the animal has learned these associations, its behavioural responses 174 

to ambiguous stimuli is recorded. It is predicted that an animal in a positive emotional state 175 

will judge an ambiguous stimulus positively, as they are ‘optimistic’ about the outcome. 176 

Conversely, an animal in a negative affective state is predicted to judge the same stimulus 177 

negatively – a ‘pessimistic’ judgement bias (Mendl et al., 2010a). Harding et al., (2004) 178 

compared the responses of rats living in different housing regimes, with the expectation that 179 

rats in ‘unpredictable’ housing would have a poorer emotional state. As expected, rats in 180 
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unpredictable housing made fewer lever-press responses to ambiguous tones close to a 181 

learned positive tone, and were slower to respond, demonstrating a pessimistic judgement 182 

bias (Harding et al., 2004).  183 

The judgement bias paradigm first used by Harding et al., (2004) has many strengths as a 184 

measure of animals’ affective states. Similarly valenced affective states (e.g. depression and 185 

anxiety) can produce different responses to ambiguity, so judgement bias tasks have the 186 

potential to differentiate these states. For example, Salmeto et al. (2011) found that 5 187 

minutes of isolation increased chicks’ latencies to approach ambiguous-aversive images 188 

(pessimistic bias), and 60 minutes of isolation increased their latencies to approach all 189 

ambiguous cues (increased pessimism and decreased optimism), which is consistent with 190 

these isolation times inducing anxiety-like and depression-like states respectively. Optimistic 191 

judgement biases can indicate positive affective states (e.g. Douglas et al., 2012) which are 192 

otherwise difficult to assess. Pharmacological manipulations can be used to induce cognitive 193 

biases (Roelofs et al., 2016); for example, Hymel and Sufka (2012) replicated the findings of 194 

Salmeto et al. (2011), and additionally found that the antidepressant drug imipramine 195 

reversed the judgement biases induced by long-term isolation, validating this task as an 196 

indicator of a depressed mood state.  197 

Judgement bias tasks have successfully been applied to a wide variety of species in varied 198 

testing environments, requiring adjustments to be made to the apparatus, stimuli, and the 199 

manipulation used to affect emotion. Spatial judgement tasks, first developed by Burman et 200 

al. (2008), employ an ecologically relevant methodology which has been applied to multiple 201 

species including rats (Burman et al., 2008), goats (Briefer et al., 2013) and dogs (Mendl et al., 202 

2010ab; Kis et al., 2015). A variation on this spatial paradigm has even been successfully 203 

applied to bottlenose dolphins (Trsiops truncates) (Clegg et al., 2017). Farm livestock have 204 

also been the focus of many judgement bias studies (Baciadonna and McElligott, 2015), a 205 

group of animals for which welfare is a considerable concern. Such studies can further our 206 

understanding of the impact of stressors on livestock animals, for example, for dairy calves, 207 

separation from the mother and dehorning have both been found to induce negative 208 

judgement biases (Neave et al., 2013; Daros et al., 2014). Judgement bias tasks have even 209 

been successfully applied to invertebrates (Bateson et al., 2011; Solvi et al., 2016). 210 
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Several studies have used avian models to explore judgement biases associated with affective 211 

state. Bateson and Matheson (2007) first investigated cognitive biases in European starlings 212 

using visual stimuli. Starlings were trained to flip petri dish lids to access a mealworm; white 213 

or dark grey lids were associated with palatable or unpalatable mealworms. This methodology 214 

benefits from being simple and foraging-based, as well as utilising taste aversion which 215 

facilitates rapid learning. The probability of responding to an intermediate lid (i.e. mid-shade 216 

of grey) as if it were positive was lower for birds currently housed in unenriched cages that 217 

had previously experienced enriched cages, suggesting that a reduction in environmental 218 

quality induced the pessimistic bias (Bateson and Matheson, 2007). Bateson et al. (2015) used 219 

the same coloured-lid methodology, and found that starlings that had experienced more nest 220 

competition showed relatively longer latencies to probe the ambiguous stimuli, suggesting 221 

these birds experienced a negative mood state due to early life experiences. Brilot et al. 222 

(2010) used a similar paradigm but varied the number of palatable mealworms under the two 223 

learned colours. Unlike Bateson and Matheson (2007), a change in enrichment had no effect 224 

on the birds’ responses, possibly due to the birds rapidly learning that the ambiguous stimuli 225 

were not reinforced. However, starlings exhibiting stereotypic behaviours did show more 226 

pessimistic responses (Brilot et al., 2010). These findings indicate that minor changes in 227 

methodology can influence results, and that manipulations intended to influence affective 228 

state do not always produce the predicted responses in the judgement bias test.  229 

Matheson et al. (2008) assessed cognitive biases in European starlings living in enriched or 230 

unenriched cages, using a novel operant choice procedure designed to remove any 231 

confounding effects of differing motivation. Starlings in enriched cages showed an optimistic 232 

judgement bias (Matheson et al., 2008). Chickens have also been used to explore the effect 233 

of environment on judgment biases; Seehuus et al. (2013) manipulated affective state by 234 

denying chicks access to different areas of their pen. All the treatments increased the chicks’ 235 

latencies to approach a negative location and decreased their latencies to approach a positive 236 

location, and chicks denied access to food showed a greater pessimistic bias than chicks 237 

denied access to the litter area (Seehuss et al., 2013). Wichman et al. (2012) similarly used a 238 

spatial task and aimed to replicate previous findings in starlings (Bateson and Matheson, 239 

2007; Matheson et al., 2008) by manipulating the emotional state of laying hens through 240 

varying enrichment, but this was unsuccessful – no potential judgement bias was observed. 241 
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These findings suggest that the ability of judgement bias tasks to detect environmentally 242 

induced changes in affective state in birds can be highly dependent on the methodology used 243 

(Brilot et al., 2010). 244 

Judgement bias tasks have not yet been applied to a free-living animal population. The studies 245 

discussed above illustrate the adaptability and flexibility of the basic judgement bias 246 

paradigm; it has successfully been used to test animals living in farm (Baciadonna and 247 

McElligott, 2015) zoo (Clegg and Fabienne, 2018) and laboratory (Roelofs et al., 2016) 248 

settings. Therefore, it could potentially also be adapted for a wild setting, with appropriate 249 

adjustments. Wild birds provide a suitable study population; existing judgement bias research 250 

has demonstrated effective methodology which has the potential to be adapted to the wild 251 

(Bateson and Matheson, 2007; Bateson et al., 2015; Brilot et al., 2010), including the use of 252 

environmental manipulations to induce affective states. There is also a strong precedent for 253 

testing birds in the wild, which is discussed in the following section. Therefore, judgement 254 

bias tasks have the potential to be an effective measure of birds’ affective states in a wild 255 

setting. 256 

1.3 Measuring the Welfare of Wild Animals  257 

The study of animal welfare science has traditionally focussed on captive or domestic animals, 258 

in situations where humans have direct influence and responsibility over welfare (Fraser, 259 

2010). Recently, there has been increased awareness of the impact of human activities on the 260 

welfare of wild animals, and the need to consider welfare for effective conservation (Clegg et 261 

al., 2021; Clegg and Fabienne, 2018; Harvey et al., 2020; Beausoleil et al., 2018). The ‘welfare’ 262 

of wild animals was previously only considered at a population-level (Clegg et al., 2021; 263 

Papastavrou et al., 2017), using measures such as density, abundance, and ‘fitness’ metrics 264 

related to health and biological functioning (Harvey et al., 2020; Beausoleil et al., 2018). For 265 

example, for woodland birds, the effect of environmental factors and human disturbance on 266 

reproduction and fitness have been well studied (e.g. Tremblay et al., 2005; Wilkin et al., 267 

2009; Mackenzie et al., 2014; Glądalski et al., 2016). Such measures can be useful for some 268 

conservation purposes but are not necessarily informative about the welfare of an individual 269 

animal (Harvey et al., 2020). For example, survival does not always convey good welfare, as 270 

animals experiencing repeated negative affective states can still survive (Walker et al., 2012; 271 

Harvey et al., 2020; Beausoleil et al., 2018). Now, it is widely accepted that it is necessary to 272 
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take animals’ mental experiences into account when assessing welfare (Beausoleil et al., 273 

2018; Kremer et al., 2020) and recently developed protocols for assessing the welfare of free-274 

living animals prioritise consideration of their affective states (Harvey et al., 2020).  275 

There are benefits to studying the welfare of individual wild animals (Clegg et al., 2021). The 276 

impacts of possible stressors on animals’ welfare can be detected relatively rapidly, allowing 277 

for action to be taken quickly, whereas effects on populations can sometimes only be 278 

detected after considerable time in which potentially irreversible damage can occur 279 

(Papastavrou et al., 2017). As affective states arise due to animals’ experiences in their 280 

environment (Mendl et al., 2010a; Trimmer et al., 2013), assessment of moods and emotions 281 

can be used to infer the quality of the environment as it is subjectively experienced by the 282 

animals. Furthermore, affective states function to alter behaviour, which may cause wider 283 

ecological effects (see section 1.3.1). There is also growing public concern for the effect of 284 

anthropogenic activity on wild animals’ welfare, and therefore it is being increasingly 285 

considered when implementing policy changes (Papastavrou et al., 2017; Littin and Mellor, 286 

2005; Harvey et al., 2020). Further developing accurate methods to assess wild animal welfare 287 

should therefore be a research priority (Harvey et al., 2020). 288 

1.3.1 Landscapes of Fear 289 

One area where animal affective states and ecology have been combined is in the ecological 290 

concept of a ‘Landscape of Fear’ (LOF) – the concept that ‘fear’ drives animals’ spatial and 291 

temporal use of a physical landscape (Laundré et al., 2010). Predation risk (actual or 292 

perceived) causes fear, which animals respond to by altering their behaviour, resulting in 293 

variable use of the habitat (Laundré et al., 2010). Thus, large-scale ecological effects can be 294 

linked back to fear. For example, the reintroduction of wolves to Yellowstone National Park 295 

increased predation risk and fear for elk, resulting in grazing changes which altered the 296 

vegetation in the park (Laundré et al., 2001; Ripple and Beschta, 2006; Ripple and Beschta, 297 

2007). The LOF concept combines predation risk and animals’ responses to this risk into one 298 

concise visual model (Laundré et al., 2010), with ‘fear’ as the central connecting component.  299 

Although LOF literature does not use the same language of affective states as used in animal 300 

welfare science, it is acknowledged that ‘fear’ is an emotion with physiological and 301 

behavioural components, which drives animals’ actions (Laundré et al., 2010) – i.e. a negative 302 

affective state. Thus, pre-existing LOF research can demonstrate the connection between 303 
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animals’ experiences of a negative emotional state (and consequently their welfare) and their 304 

interactions with the wider environment. 305 

In order to quantify and map predation risk to create a LOF, most researchers in this area use 306 

the target animals’ perception of risk, which can be inferred from their resulting behavioural 307 

responses (Laundré et al., 2010). These can be quantified using pre-existing measures. Fear 308 

can be inferred from wild animals’ behaviour, for example, by measuring an animal’s vigilance 309 

(Devereux et al., 2006; Atkins et al., 2017). Avoidance behaviour is also used; in birds, fine-310 

scale avoidance behaviour can be quantified using Alert Distances (AD) and Flight Initiation 311 

Distances (FID) – the distance from a human observer at which a bird raises its head (AD) and 312 

flies away (FID). The larger the FID, the more fearful a bird is interpreted to be (Ikuta and 313 

Blumstein, 2003; Blumstein et al., 2004; García-Arroyo and MacGregor-Fors, 2020). At a larger 314 

scale, animals’ presence in different areas can be measured (e.g. through collecting species 315 

records – Rösner et al., 2014), with the assumption that their use or avoidance of different 316 

areas is a result of differing perceived predation risk (Laundré et al., 2010). Foraging levels are 317 

also used as measures of fear, for example, greater giving up densities (GUDs - the amount of 318 

food remaining in a depletable food source once an animal has finished foraging) indicate fear 319 

due to increased predation risk (Brown, 1998; Laundré et al., 2010).  320 

The landscape of fear concept has also been applied to human activity, as researchers aim to 321 

understand our impact on wild animals and their environment (Ciuti et al., 2012). Human 322 

disturbance has been linked to fine-scale behavioural changes associated with fear; for 323 

example, blackbirds (Turdus merula) show increased vigilance behaviour when approached 324 

by pedestrians, responding as they would to a predator (Fernández-Juricic and Telleria, 2000). 325 

Whytock et al, (2020) found that Eurasian wrens’ (Troglodytes troglodytes) alarm call rates 326 

positively correlated with the amount of nearby agricultural land, and were higher when 327 

livestock were present, suggesting that this anthropogenic activity causes fear for these birds. 328 

Human recreational activity has also been associated with a decrease in the intensity of 329 

habitat use by capercaillie (Tetrao urogallus) (Rösner et al., 2014), implying that human 330 

activity causes fear resulting in reduced landscape use.   331 

Habitat features can alter predation risk, and therefore influence an animals’ landscape of 332 

fear. For example, for birds, trees and shrub provides concealment from predators, reducing 333 

predation risk and fear. This is evidenced by behavioural changes; small woodland birds avoid 334 
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open areas and woodland edges (Rodríguez et al., 2001) and birds in areas with less cover 335 

show more vigilance behaviour (Morrison, 2011; Carrascal and Alonso, 2006).  Birds prefer to 336 

feed closer to cover (Giesbrecht and Ankney, 1998; Carrascal and Alonso, 2006) and have 337 

lower GUDs when foraging in protective cover (Abdulwahab et al., 2019). Turney and Godin 338 

(2014) also demonstrated that following exposure to an artificial predator, wild birds are 339 

slower to return to feeders far from cover than feeders closer to cover. There is also evidence 340 

on a larger scale of birds avoiding areas without cover; species richness of woodland birds is 341 

lowest in areas with no understory (Hewson et al., 2011) and the presence and abundance of 342 

marsh tits (Poecile palustris) is closely related to shrub cover and height (Hinsley et al., 2007; 343 

Carpenter et al., 2010). Thus, predation risk can be habitat-mediated (Rodríguez et al., 2001), 344 

altering an animal’s landscape of fear. 345 

Landscape of fear research could be valuable to the field of wild animal welfare, as it 346 

demonstrates how a negative affective state could be influenced by, and can further 347 

influence, the wider environment.  However, LOF research predominantly uses behavioural 348 

measures or population-level effects to infer fear (Laundré et al., 2010). As animals’ affective 349 

states are most accurately assessed using multiple methods (Webster, 2005; Clegg and 350 

Fabienne, 2018) the cognitive component should also be included. Furthermore, to fully 351 

understand welfare, positive affective states and different negative affective states also need 352 

to be considered (Boissy et al., 2007), not just fear. It would be beneficial for future research 353 

to examine the role of all affective states more closely - to identify what influences wild 354 

animals’ moods and emotions and how they function to shape behaviour, which could be 355 

achieved through incorporating cognitive measures.   356 

1.4 Studying Animal Cognition in the Wild 357 

Existing research within the general area of wild animal cognition could give insights into how 358 

to effectively implement cognitive measures of welfare in the wild. Until recently, animal 359 

cognition research was almost entirely restricted to laboratory-based studies (Pritchard et al., 360 

2016), and the extent of assessing the cognition of wild animals was limited to inferring 361 

cognitive abilities from behavioural observations (Byrne and Bates, 2011). However, studying 362 

cognition in the wild is a growing research area that confers multiple benefits. The cognitive 363 

processes and abilities of animals evolved in the wild and are a part of their wider ecology; it 364 

is important to discern the evolutionary and ecological role of cognition (Pritchard et al., 365 
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2016), which cannot always be fully explored in the lab. In the wild, researchers have access 366 

to ‘natural’ subjects, behaviours and environments, avoiding any confounding variables 367 

associated with the artificial nature of captive environments (Pritchard et al., 2016; Cauchoix 368 

et al., 2017; Kumpan et al., 2020). Comparative studies can also determine the generalisability 369 

of lab-based findings (Kumpan et al., 2020). 370 

Studying cognition in the wild is not straightforward. Captive environments allow for a high 371 

level of control over factors that may influence the animals’ behaviour, which is not possible 372 

in the wild (Kumpan et al., 2020). Therefore, tasks that are reliant on a high level of control 373 

should be avoided or adapted. However, Cauchoix et al. (2017) demonstrated that a spatial 374 

reversal-learning task could be applied to free-ranging great tits (Parus major), and that they 375 

performed similarly to captive birds. Such research shows that it is possible to study the 376 

cognitive abilities of wild animals using similar methods to those well-established for studying 377 

captive animals, despite the lack of control. Regardless, when interpreting results of wild 378 

cognition studies, it is important to be conscious of potential confounding variables due to 379 

the uncontrollable environment. 380 

As wild studies of cognition tend to rely on animals voluntarily interacting with a task, another 381 

challenge can be encouraging a large, representative sample of animals to participate. An 382 

animal’s participation can be affected by factors such as their experience, personality type 383 

and sex (van Horik et al., 2016) which can result in findings being unrepresentative of the 384 

target population. Participation can be increased by using tasks that are ecologically relevant 385 

to the species and utilise familiar contexts (Pritchard et al., 2016). For example, using a 386 

foraging task may increase an animal’s motivation to interact with the task, as well as 387 

potentially reduce training times (Pritchard et al., 2016). It is also recommended to keep tasks 388 

simple, as participation can be restricted by task complexity (van Horik et al., 2016; Kumpan 389 

et al., 2020). Possible participation should also be taken into account when choosing a study 390 

species and population, for example, participation is likely to be lower if a population includes 391 

a lot of transient individuals (Cauchoix et al., 2017). An example of a suitable species is rufous 392 

hummingbirds (Selaphorus rufus) – their cognition has successfully been extensively studied 393 

in the wild (Healy and Hurly, 2013), partly because during the breeding season individual 394 

males are strongly localised to their territories, and highly motivated to feed (Pritchard et al., 395 

2016). Cauchoix et al. (2017) also managed to achieve relatively high participation rates in the 396 
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wild using great tits. Therefore, birds appear to be a suitable study population for wild 397 

cognition research.  398 

1.4.1 Cognitive Biases in the Wild  399 

Given the potential for animal cognition paradigms to be adapted for free-living animals, and 400 

the benefits that this can provide for understanding the link between animals’ cognition and 401 

their environment, cognitive bias tasks may also be applicable for wild animals. If affect-402 

congruent cognitive biases could be evidenced in wild animals, it would further our 403 

understanding of their adaptive value, and validate the findings of lab-based studies. The LOF 404 

concept demonstrates the role fear (a negative affective state) plays in ecology; findings from 405 

cognitive bias tasks could complement the existing behavioural evidence, as well as examine 406 

the causes and effects of affective states on decision making more closely. Furthermore, 407 

cognitive bias tasks could potentially provide an additional measure of wild animals’ welfare, 408 

furthering this important area of research. Therefore, in the following study I aimed to develop 409 

a cognitive bias task applicable to wild, free-living birds. 410 

 411 

2. Using a Cognitive Bias Task to Assess the Welfare of Wild Birds 412 

2.1 Introduction  413 

Cognitive biases have been successfully evidenced in multiple lab-based studies using birds 414 

(Bateson and Matheson, 2007; Bateson et al., 2015; Brilot et al., 2010; Matheson et al., 2008), 415 

and the behaviour and ecology of wild birds is well-studied, including in LOF (Rösner et al., 416 

2014; Whytock et al., 2020) and cognition research (Cauchoix et al., 2017; Healy and Hurly, 417 

2013); such research provided a basis for the design of this study.  418 

An ecologically relevant foraging-based judgement bias task using visual stimuli was chosen, 419 

utilising similar methodology to lab-based cognitive bias studies with birds (Bateson and 420 

Matheson, 2007; Bateson et al., 2015; Brilot et al., 2010). However, rather than using shades 421 

of grey, the stimuli were red and yellow artificial dough ‘worms’ presented via bird feeders; 422 

these colours are likely to be more effective in the wild as they are conspicuous against the 423 

brown and green visual background of the woods (Endler and Mappes, 2004). To train the 424 

birds to discriminate the colours, the red worms were made unpalatable. The task was 425 
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designed to be simple and utilise a familiar context for the birds (foraging) in order to increase 426 

the likelihood of wild birds interacting with the task (Pritchard et al., 2016; van Horik et al., 427 

2016). 428 

An animal’s affective state and subsequent decision making is thought to arise in response to 429 

its experiences and expectations of its environment (Mendl et al., 2010; Trimmer et al., 2013), 430 

and consistent with this prediction, varying the size and quality of birds’ captive environments 431 

has been found to induce judgement biases (Bateson and Matheson, 2007; Matheson et al., 432 

2008; Seehuss et al., 2013). To adapt this concept for free-living birds, the current study aimed 433 

to assess the birds’ different naturally occurring affective state in response to their varying 434 

wild environment. 435 

Published information was used to establish relevant habitat factors and the predicted 436 

influence of these factors on birds’ affective states.  I decided to focus on proximity to cover 437 

and human disturbance, as these factors have repeatedly been associated with birds’ 438 

affective states (Abdulwahab et al., 2019; Turney and Godin, 2014; Hewson et al., 2011; 439 

Rodríguez et al., 2001; Morrison, 2011; Carrascal and Alonso, 2006; Fernandez-Juricic and 440 

Telleria, 2000). Birds in locations further away from protective cover were predicted to 441 

experience a negative affective state. This prediction was based on relevant LOF research; a 442 

lack of cover increases predation risk and has been associated with behavioural changes that 443 

indicate fear, including foraging decisions (Giesbrecht and Ankney 1998; Abdulwahab et al., 444 

2019; Carrascal and Alonso, 2006; Turney and Godin 2014), avoidance behaviour (Hewson et 445 

al., 2011; Hinsely et al., 2007; Carpenter et al., 2010; Rodríguez et al., 2001), and vigilance 446 

(Morrison, 2011; Carrascal and Alonso, 2006). Increased human disturbance is also predicted 447 

to induce a negative affective state; a high level of human activity in woodland is associated 448 

with reduced habitat use by birds and reduced species richness (Rösner et al., 2014; Bötsch 449 

et al., 2017), as well as behavioural changes such as an increase in vigilance, avoidance, and 450 

reduced foraging times (Fernandez-Juricic and Telleria, 2000). Additionally, it is possible that 451 

birds close to cover and/or undisturbed by humans may experience positive affective states 452 

due to a perceived lack of predation risk and feeling of ‘safety’ (Boissy et al., 2007). For 453 

simplicity, I will hereafter refer to locations as predicted to induce high or low ‘fear’, to 454 

describe whether the balance of affective states is expected to be more negative or positive, 455 

respectively.  456 
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The cover (including trees, understory, and paths - to infer human disturbance) within a 457 

woodland was mapped in order to identify locations expected to induce low or high fear for 458 

wild birds. Judgement bias tasks were carried out at these locations, and the number of 459 

‘worms’ taken from the different locations were compared. It was predicted that birds at the 460 

high-fear locations would make more pessimistic judgements of an ambiguous stimulus 461 

(orange worms) than birds at the low-fear locations. 462 

2.2 Methods  463 

2.2.1 Study Site and Species  464 

The study took place at the University of Lincoln’s Riseholme Campus, a 200-hectare 465 

agricultural campus located just north of Lincoln, UK. The campus includes a working farm, 466 

several university buildings and public areas, grasslands, watercourses, and woodlands. I 467 

chose to focus on the North Wood, a roughly 200m x 200m square-shaped area of woodland 468 

located in the north-west corner of the campus (Fig. 1). This woodland was chosen because 469 

there is variation in the habitat features expected to influence birds’ affective states (i.e. 470 

variable cover and potential for human disturbance) but within a small enough area to be 471 

mapped in the necessary high level of detail.  472 
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Figure 1 – Satellite image of the Riseholme campus (Google, 2021). The North Wood is 

circled. 

 473 

The target species expected to be active in this woodland includes Blue Tits (Cyanistes 474 

caeruleus), Great Tits (Parus major), Wrens (Troglodytes troglodytes), Coal Tits (Poecile ater), 475 

European Robins (Erithacus rubecula), Chaffinches (Fringilla coelebs), Greenfinches (Chloris 476 

chloris), Starlings (Sturnus vulgaris), Blackbirds (Turdus merula) and Eurasian Jays (Garrulus 477 

glandarius) (Deeming et al., 2017; Deeming pers. comm., 2020). 478 

2.2.2 Tree Mapping  479 

Tree mapping took place during January and February 2021. An accurate map of the trees in 480 

the North Wood was created using the Interpoint method (Boose et al., 1998). To achieve 481 

this, each tree was tagged with a unique number using waterproof plant tags. Next, working 482 

clockwise, the distances between each new target tree and three previously located reference 483 

trees were measured in metres using a laser rangefinder (Bosch DLE 40). The interpoint 484 
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method also requires the tree’s ‘diameter at breast height’ (DBH); this was calculated from 485 

the circumference of each tree’s trunk, measured in cm using a tape measure. These 486 

measurements were entered into ‘INTERPNT’ computer software (Boose et al., 1999), which 487 

uses triangulation and averaging to create a list of tree coordinates. This software is sensitive 488 

to the angles created between reference trees and target trees, resulting in occasional errors 489 

(i.e. trees placed incorrectly), therefore, the coordinates were subsequently checked in the 490 

field and new references were recorded where necessary.  The species of each tree was also 491 

recorded, and the DBH measured for the interpoint method also doubled as an index of tree 492 

maturity (Lukaszkiewicz and Kosmala, 2008). 493 

2.2.3 Mapping Understory Cover 494 

The understory was mapped in late March 2021. Four understory categories were created, 495 

based on previous relevant studies (Hewson et al., 2011; Hinsley et al., 2007) (Fig.2). 496 

Increasing shrub height and density was expected to decrease birds’ fear; paths were also 497 

included as areas with no cover. Each category was assigned a colour and, using the tree map 498 

for spatial reference, a blank grid with squares representing 5m x 5m was filled in with the 499 

colours to record the dominant shrub type in each area.  500 
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Figure 2 – Understory categories, illustrations based on Hewson et al. (2011). 

 501 

2.2.4 Creation of Final Maps 502 

The final maps were based on total cover - incorporating the locations of trees, different types 503 

of shrub, and paths. The maps were created in R Studio. The tree coordinates and understory 504 

map were first combined to show the locations of individual trees and different types of cover 505 

(Fig. 3). 506 
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Figure 3 – maps showing the location of trees (black circular symbols) and the different 

understory categories (shown in grey) - a) no cover; b) dense low cover; c) medium cover; 

d) tall cover. 

 507 

Two final maps were created - one showing the areas expected to induce a lower level of fear 508 

(Fig. 4) and one showing the areas expected to induce a higher level of fear (Fig. 5). The low-509 

fear map showed areas within 0-1 metre of cover, which included the trees and the ‘medium’ 510 

and ‘tall’ understory categories (Fig. 3c and Fig. 3d). The high-fear map showed areas 4 or 511 

more metres away from cover. These distances from cover expected to induce lower or higher 512 

levels of fear (0-1 metre from cover and 4+ metres from cover, respectively) were chosen to 513 

be relevant and appropriate to small woodland birds; these distances from cover have been 514 

shown to affect birds’ foraging decisions (Turney and Godin, 2014).  515 
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 516 

 

Figure 4 – Map showing areas expected to induce lower levels of fear. Areas within 0-1 

metre of a high level of cover are shown in white. The red circular symbols represent 

individual trees.  

 

Figure 5 – Map showing areas expected to induce higher levels of fear. Areas 4 or more 

metres away from cover are shown in white. The red circular symbols represent individual 

trees. 
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2.2.5 Materials 517 

In this section I detail the stimuli and apparatus used throughout the various stages of the 518 

judgement bias task, in order to appropriately adapt the standard paradigm for use in the 519 

wild.  520 

Stimuli 521 

The stimuli used were artificial dough ‘worms’ of different colours – red and yellow. Visual 522 

stimuli have effectively been used in laboratory-based judgement bias tasks for birds (Bateson 523 

and Matheson, 2007; Bateson et al., 2015; Salmeto et al., 2011; Hymel and Sufka, 2012). In 524 

order to train the birds to discriminate the colours, and associate one with a negative 525 

outcome, the red worms were made unpalatable. The use of a conditioned taste-aversion 526 

should facilitate rapid learning (Lin et al., 2017; Pritchard et al., 2016) and is ecologically 527 

relevant, as wild birds are equipped to learn to avoid distasteful prey (Endler and Mappes, 528 

2004). The colours red and yellow were chosen as birds can see these colours (Hart et al., 529 

2000) and have been shown to be able to differentiate them (Ham et al., 2006; Exnerova et 530 

al., 2006). These colours also contrast strongly against the brown and green visual background 531 

of the woods; strong, conspicuous visual signals should aid discrimination and avoidance 532 

learning (Endler and Mappes, 2004). Furthermore, red and yellow combine to create a distinct 533 

intermediate colour – orange – which was used as the ambiguous stimulus. 534 

The worms were formed from batches of dough made by following a recipe adapted from 535 

previous studies that used coloured artificial pastry prey to test wild birds (Marples et al., 536 

1998; Thomas et al., 2004; Wennersten and Forsman, 2009) – 70g plain flour, 35g lard, and a 537 

10ml mix of food dye and water. The yellow dough was made with 7 ml liquid food dye (Tesco 538 

Yellow Food Colouring) mixed with 3ml of water, and the red was made with ¼ tsp powdered 539 

food dye (Ash Spice Company) diluted in 10ml water. The intermediate orange dough was 540 

made by combining pre-made red and yellow dough in a ratio of 18:82, as measures using a 541 

spectrophotometer (Fig. 6b) identified this ratio to create the perceptually intermediate 542 

shade of orange, by identifying the colour corresponding to the intermediate phenotype in a 543 

Blue Tit tetrahedral colour space (Endler and Mielke, 2005). This is representative of the 544 

colour vision of all birds likely to be included in this study (see section 2.2.1) as all 545 

Passeriformes have UVS colour vision (Ödeen and Håstad, 2013).  The dough was formed into 546 
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cylindrical ‘worms’ approximately 0.5 cm x 3 cm x 0.5 cm in size, making them slightly longer 547 

than in other similar studies (Wennersten and Forsman, 2009) so they would fit well in the 548 

feeders (see below) (Fig. 6a).  549 

 

Figure 6 – a) The stimuli – artificial dough ‘worms’, showing the intermediate orange 

shade between the original red and yellow colours. b) the reflectance spectra of the 

yellow, orange and red worms. 

 550 

Feeders 551 

The bird feeders used to present the worms comprise a metal mesh supported by two pieces 552 

of wood, hung from a metal chain (Fig. 7a). These feeders were chosen as the stimuli could 553 

easily be placed between the mesh and remain in position unless taken, and these feeders 554 

could be used by the target species. To place these feeders in the woods, stands were created 555 

by tying two bamboo poles together with twine to make a cross. The feeders were hung from 556 

the horizontal pole, so that they hung freely and were accessible from all sides (Fig. 7b). The 557 

feeder stands were 1.5 – 1.7 metres tall.  558 
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Figure 7 – a) The bird feeders used (HomeScapes, 2021). Artificial prey worms were 

placed horizontally between the two layers of metal mesh. b) Example of a filled feeder 

suspended from a bamboo stand. 

 559 

2.2.6 Pilot Study 560 

Before beginning the cognitive bias task, a short pilot study was carried out in early June 2021 561 

in an adjacent area of woodland. This established that birds would use the feeders; a Eurasian 562 

Jay (Garrulus glandarius) was observed taking and eating coloured worms, confirming that 563 

birds will use the feeders as intended. This also indicated that the feeders were discovered 564 

and used quickly; it took 2-3 days for the feeders to have any worms missing, and by the 5th 565 

day, all the worms were missing after a 24-hour period.  566 

 567 
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2.2.7 Placing the Feeders  568 

When choosing the placement of the feeders, I aimed to spread them out across the site. This 569 

was because bird activity may differ across the woods, so spreading them out maximised the 570 

chance of birds finding and using the feeders. To test if the map had accurately indicated high- 571 

and low-fear locations based on fine-scale habitat differences, it was necessary to test 572 

multiple locations for both across the site. I also wanted to maximise the number of possible 573 

participants; spreading out the feeders increased the likelihood of multiple individual birds 574 

using the feeders, making it more representative of the bird population of this woodland. To 575 

space the feeders evenly across the site, the maps were split into 15 50m x 50m squares and 576 

two feeders were placed within each square – one in a ‘low fear’ location and one in a ‘high 577 

fear’ location, as inferred from the maps (Fig. 8). By placing a high- and low- fear feeder within 578 

in each square I ensured that the locations were somewhat evenly distributed across the site, 579 

in order to be able to conclude that any differences between the high- and low-fear locations 580 

were due to fine-scale habitat differences, rather than larger-scale differences across the site. 581 

The specific locations of the feeders within each square were manually chosen such that they 582 

were accessible by humans (i.e. not within impenetrable shrub) so that they could be re-filled 583 

each day (Fig.8).  584 
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Figure 8 – Locations of the feeders. Each feeder is represented by a blue triangle symbol, 

shown on the high level of fear map with 50 x 50 metre grid. There is a pair of feeders in 

fifteen of the squares - one high fear (white background) and one low fear (black 

background). 

 585 

2.2.8 Judgement Bias Task 586 

At the feeders placed in the North Wood, a cognitive judgement bias task was presented, 587 

adapted from the standard paradigm first used in non-human animals by Harding et al. (2004). 588 

This took place during July and August 2021 and was carried out in the following distinct 589 

phases. 590 
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Habituation 591 

Before discrimination training could begin, it was necessary to habituate the wild birds to the 592 

feeders. In studies reliant on free-living birds interacting with supplementary food, it is 593 

standard to habituate the birds to novel apparatuses and stimuli and establish that they will 594 

attend the feeders regularly (e.g. Marples, 1993; Marples et al., 1998). Furthermore, the data 595 

collected during this stage allowed for the birds’ initial responses to feeders at the high and 596 

low fear locations to be compared.  597 

Each feeder was filled with 5 red worms and 5 yellow worms, placed randomly. At this stage, 598 

both colours were palatable. The colours were presented together so that any preferences 599 

for either colour could be identified, and so that the presentation would be the same as the 600 

subsequent discrimination stage. The feeders were always visited in the same order, following 601 

the same route around the site, as to minimise disturbance. 24 hours later I returned and 602 

recorded the number of worms of each colour still within each feeder; the feeders were then 603 

re-filled. This process was repeated until 8 or more worms (≥ 80%) were missing from the 604 

majority of feeders (>15) after 24 hours, consistently across 3 presentations.  605 

Discrimination Training  606 

The birds were then trained to discriminate the two stimulus colours: yellow worms were 607 

kept palatable, but red worms were made unpalatable. The birds were considered to have 608 

learned this discrimination when ≥ 80% of the palatable yellow worms, and ≤ 20% of the 609 

unpalatable red worms were taken per feeder over 24 hours, consistently across 3 610 

presentations.   611 

To make them unpalatable, the red worms were coated with a solution of 3.5% Bitrex 612 

(denatonium benzoate), a bitter substance (Chandrashekar et al., 2000) that has effectively 613 

been used to deter birds from eating prey in laboratory studies (Skelhorn and Ruxton, 2006; 614 

Skelhorn and Rowe, 2009; Kang et al., 2016), and has been shown to be non-toxic to birds 615 

(Schafer et al., 1983).  616 

Feeders were re-filled with 5 palatable yellow worms and 5 unpalatable red worms. The 617 

colours were presented together to aid discrimination learning, and so that the results of this 618 

stage could directly be compared to the results of the habituation stage. This stage initially 619 
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followed the same procedure as the habituation stage; feeders were checked every 24 hours 620 

for 4 days. Following this, the feeders were then additionally checked more regularly in order 621 

to identify whether there was a difference in the order in which the red and yellow worms 622 

were taken (Rowland et al., 2007; Rowland et al., 2008; Wennerstern and Forsman, 2009). 623 

The feeders were re-filled once a day at 09:15, and then checked once an hour 4 times. The 624 

number of worms of each colour remaining in each feeder was recorded at each visit. 625 

Discrimination training continued for a following 10 days for a total of 14 days, but the criteria 626 

for discrimination was not reached within this time.  627 

Judgement of Ambiguous Stimulus  628 

Despite the lack of success during discrimination training, intermediate ‘orange’ worms were 629 

then introduced to see if the birds’ judgement of intermediate cues varied between the high 630 

fear and low fear locations. As the criteria for discrimination training was not reached, it 631 

cannot be confirmed that the birds perceived the intermediate stimulus as ambiguous, but 632 

this stage allowed for the birds’ responses to a novel colour to be compared across the 633 

locations. It was predicted that birds present at the high fear feeders would be less likely to 634 

consume the orange worms than those at low fear feeders.  635 

The same procedure as the discrimination stage was used, but at 09:15 each feeder was re-636 

filled with 10 palatable orange worms; 10 worms were used so that the total number of 637 

worms within the feeder was the same as the previous stages. The feeders were checked once 638 

an hour 4 times, and this was repeated over 2 days. On the final day, the feeders were checked 639 

once again at 09:15.  640 

2.2.9 Video Recording  641 

Video recording took place during the task to provide supplementary information, such as 642 

identifying what species used the feeders and when, and any potentially relevant behaviour. 643 

During the discrimination and judgement stages, a motion-activated camera trap (Apeman 644 

H70) was attached to a tree approximately 1.5 metres from a low-fear feeder. When 645 

activated, the camera trap recorded for 15 seconds. Further opportunistic recordings of a 646 

separate low-fear feeder were made with a camcorder (Sony HDR-PJ320) left continually 647 

recording on a tripod placed approximately 3 metres away from the feeder.  648 
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2.2.10 Data Analysis 649 

For the first part of the analyses, only the number of worms missing 24 hours after re-filling 650 

were included, so any recordings made under or over 24 hours since the last re-fill (i.e. due 651 

to missed days) were removed. The data were analysed using Minitab 17.  652 

Habituation  653 

There were 14 presentations during habituation.  654 

To see which variables effected the number of worms missing from the feeders after 24 hours, 655 

a general linear mixed-effects model was performed, with the number of worms missing after 656 

24 hours as the dependent variable, feeder location (high or low fear) and colour (red or 657 

yellow) as factors and presentation order as a covariate. Feeder ID was also included as a 658 

random factor (nested within location). The model assumptions were visually confirmed using 659 

residual plots.  660 

Where a significant interaction occurred, I used post-hoc 2-sample Poisson rate tests to test 661 

for a difference between the number of worms taken over 24 hours at low-fear and high-fear 662 

locations for each presentation. To correct for multiple testing, the p-values were compared 663 

to a Bonferroni adjusted alpha level of .0035714286 (.05/14).  664 

Discrimination – every 24 hours  665 

There were 10 24-hour presentations during discrimination training.  666 

A general linear mixed-effects model was also performed for the data collected during the 667 

discrimination stage, again with the number of worms missing after 24 hours as the 668 

dependent variable, feeder location and colour as factors, presentation order as a covariate, 669 

and feeder ID as a random factor (nested within location). The model assumptions were again 670 

visually confirmed using residual plots, and to fit the assumption of normality, the data for 671 

the dependent variable (no. worms missing after 24 hours) was square root transformed.  672 

Discrimination – every hour   673 

The feeders were checked hourly during 9 days of the discrimination training (no hourly 674 

checks took place after the last 24 hour presentation). On each of these days, each feeder 675 

was checked four times.  676 
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In order to analyse the data collected by checking each feeder hourly, another general linear 677 

mixed-effects model was carried out. The dependent variable was the number of worms 678 

missing after each hour, feeder location and colour were factors, the time of the check (10:15, 679 

11:15, 12:15 and 13:15) was included as a covariate, and feeder ID was included as a random 680 

factor (nested within location). The model assumptions were visually confirmed using residual 681 

plots.  682 

Ambiguous Stimulus   683 

I used 2-sample Poisson rate tests to test for a difference between the number of worms 684 

taken over 24 hours at low-fear and high-fear locations for each of the two presentations of 685 

orange worms.  686 

2.3 Results 687 

2.3.1 Habituation   688 

The criterion for habituation (≥ 80% worms missing from >15 feeders after 24 hours, 689 

consistently across 3 presentations) was reached after 14 presentations. The general linear 690 

mixed-effects model showed that colour did not significantly affect the number of worms 691 

taken (F1,777 = 0.26, P = 0.608; Fig. 9). There was a significant interaction between presentation 692 

order and location (F1,777 = 11.59, P <0.001), but there was no significant interaction between 693 

presentation order and colour (F1,777 = 0.06, P = 0.814) or between location and colour (F1,777 694 

= 0.36, P = 0.549). 695 
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In further investigating the significant interaction between location and presentation order, 696 

2-sample Poisson rate tests showed that for the first 4 presentations, there was no significant 697 

difference in the number of worms taken between the feeder locations (Fig. 9). From 698 

presentation 5 to presentation 8, there was a significant difference between the location 699 

types; the total and mean numbers of worms taken was always higher at the low-fear feeders 700 

(Fig. 9). From presentation 9 to presentation 14, the only presentation for which there was a 701 

significant difference between the feeder types was presentation 12 (Fig. 9). However, the 702 

total and mean number of worms taken remained consistently higher at the low-fear feeders 703 

throughout these presentations (Fig. 9). 704 

2.3.2 Discrimination – every 24 hours  705 

Discrimination training continued for 10 presentations, but the criterion for discrimination 706 

learning (≥ 80% yellow worms and ≤ 20% red worms taken per feeder over 24 hours 707 

consistently across 3 presentations) was not reached within this time. 708 

 

Figure 9 – The mean number of worms (± S.E) of each colour, taken from each of the feeder 

types after 24 hours, across 14 habituation presentations. Asterisks indicate presentations 

where a 2-sample Poisson rate test found a significant difference between locations. 
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The general linear mixed-effects model showed that presentation order and location 709 

significantly affected the number of worms taken (Presentation Order: F1,565 = 5.41, P = 0.020; 710 

Location: F1,565 = 11.40, P <0.001) with more worms being taken from the low-fear locations 711 

(Fig. 10). Colour did not have a significant affect (F1,565 = 0.11, P = 0.740; Fig. 10) and there 712 

were no significant interactions between any of the factors (Interaction [Presentation Order 713 

& Location] : F1,565 = 0.34, P = 0.559; Interaction [Presentation Order & Colour] : F1,565 = 0.05, 714 

P = 0.824; Interaction [Location & Colour] : F1,565 = 0.03, P = 0.858).  715 

 

Figure 10 – The mean number of worms (± S.E) of each colour, taken from each of the feeder 

types, after 24 hours, across 10 discrimination presentations. 

 716 

2.3.3 Discrimination – every hour  717 

The general linear mixed-effects model showed that time significantly affected the number 718 

of worms taken (F1,205 = 97.58, P <0.001); the number of worms taken increased after each 719 

hour (Fig. 11). Neither colour nor location had a significant effect (Colour: F1,205 = 0.65, P = 720 

0.422; Location: F1,205 = 0.14, P = 0.709; Fig. 11), and there were no significant interactions 721 

between any of the factors (Interaction [Time & Location] : F1,565 = 0.11, P = 0.737; Interaction 722 
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[Time & Colour] : F1,565 = 0.02, P = 0.899; Interaction [Location & Colour] : F1,565 = 1.89, P = 723 

0.170). 724 

 

Figure 11 - The mean number of worms (± S.E) of each colour, taken from each of the feeder 

types, across four hours. 

 725 

2.3.4 Ambiguous Stimulus  726 

2-sample Poisson rate tests showed that there was a significant difference in the number of 727 

orange worms taken over 24 hours between the high-fear feeders and the low-fear feeders 728 

during the first presentation (Z = 2.55, P = 0.011) and during the second presentation (Z = 729 

2.61, P = 0.009). More worms were taken from the low-fear feeders than the high-fear feeders 730 

during both presentations (Fig. 12). 731 
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Figure 12 - The mean number of orange worms (± S.E) taken from each of the feeder types 

after 24 hours, across two presentations. 

 732 

 733 

2.3.5 Camera Trap  734 

The camera trap recorded 149 videos. 46.3% (n = 69) of these recordings were triggered by 735 

me checking or re-filling the feeder. In 38.9% (n = 58) of the videos there was no clear visible 736 

animal, so it is unknown what triggered these recordings. It is possible that some of these 737 

recordings were triggered by a bird rapidly visiting the feeder, but this cannot be confirmed 738 

as it could be other movement (i.e. wind moving vegetation). An animal was visible in 14.8% 739 

(n=22) of the videos. 3 of these videos contained deer moving through the woods, none of 740 

which were seen interacting with the feeder. There were also 3 videos of a mouse climbing 741 

on the feeder, but it was not recorded taking or eating any worms.  742 

 743 
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The remaining 16 videos contained a Eurasian jay; each video only contained one individual 744 

jay, but it cannot be known if this was always the same individual. Most videos (n = 9) were 745 

of a jay taking a whole worm from the feeder and flying away with the worm in its beak (Fig. 746 

14). A jay was also recorded: removing and eating worms whilst still perched on the feeder 747 

stand (n = 2); perched on the feeder stand but not eating (n = 2) (Fig. 13); flying close to the 748 

feeder (n = 2); and watching the feeder from nearby cover (n =1) (Fig.15). These recordings 749 

occurred on 9 days at various times of day – the earliest recording was at 06:29 and the latest 750 

was at 17:05.  751 

 

Figure 13 – A jay perched on the feeder stand inspecting the remaining worms. 

 752 

 753 
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Figure 14 – A jay holding a yellow worm in its beak, before flying off. 

 

 

 

Figure 15 – A jay observing the feeder from nearby cover. 

 754 

 755 
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2.3.6 Camcorder  756 

The camcorder was only used successfully on one day (24/08/21). Recording began at 09:59, 757 

after the feeder had been re-filled. At 10:01 a great tit was recorded taking a yellow worm 758 

(Fig. 16). At 10:42, a great tit was recorded taking a red worm (Fig. 17) which it could then be 759 

seen eating in the tree behind the feeder (Fig. 18).  760 

 

Figure 16 – Great tit perched on the feeder to take a yellow worm. 

 

 761 
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Figure 17 – Great tit taking a red worm from the feeder. 

 

 

Figure 18 – Great tit eating the red worm in a tree behind the feeder. Left – bird with head up, 

holding worm in beak. Right – bird with head down, eating the worm. 

 

 

 

 

 

 762 
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2.4 Discussion 763 

In this study, I aimed to develop and implement a cognitive bias task to assess the welfare of 764 

wild birds. Overall, there was an effect of location on the number of worms eaten throughout 765 

the stages of the task, suggesting that the habitat map successfully identified locations that 766 

induced different affective states for birds. However, discrimination training was unsuccessful 767 

as the colour of the worms did not significantly affect how many were taken, therefore, it 768 

cannot be confirmed that the birds subsequently perceived the intermediate stimulus as 769 

ambiguous.  770 

2.4.1 Habituation  771 

Habituation was successful – the criterion was reached in a relatively short period of time (14 772 

days - Fig. 9) showing that wild woodland birds discovered and used the feeders as expected. 773 

This is consistent with previous research using coloured dough ‘prey’; following initial 774 

avoidance, birds will consistently take the prey baits (Marples, 1993; Marples et al., 1998).  775 

There was no evidence that the birds preferred one colour over the other (Fig. 9), suggesting 776 

no innate preference for either colour. It was necessary to establish this in order to determine 777 

whether any difference between the colours after discrimination training could be attributed 778 

to learning. A preference or avoidance for red would not have been surprising, as it can signal 779 

profitability or be a warning signal (Teichmann et al., 2020). Here, there was no difference 780 

between red and yellow, which is consistent with other studies that used artificial coloured 781 

prey (Marples et al., 1998; Ham et al., 2006). 782 

The location of the feeders had an effect on the number of worms taken during habituation. 783 

There was no initial difference, but as the number of worms taken increased at both location 784 

types, the mean number taken from low-fear feeders was always greater (Fig. 9) suggesting 785 

that birds habituated to the low-fear feeders faster than the high-fear feeders. In captive 786 

starlings, de Brujin and Romero (2020) found that acute stress (prior restraint – likely to 787 

induce a negative emotional state) inhibited the birds’ habituation to novel objects – unlike 788 

control birds, stressed birds did not rapidly decrease their latencies to approach the objects. 789 

Similarly, increased fear experienced at the high-fear feeders may have slowed the birds’ 790 

habituation to the novel apparatus. In the last few presentations there was not a significant 791 

difference between the locations (Fig. 9), suggesting that the effect of location was reduced 792 
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as the birds became habituated. However, this was not the case in the following 793 

discrimination training stage, in which there was a difference between locations throughout 794 

(see below). Alternatively, the difference between location observed during habituation may 795 

have been due to there being fewer birds at the high-fear than the low-fear locations. 796 

2.4.2 Differences Between Locations 797 

As predicted, the location of the feeders had an effect on the number of worms taken during 798 

all stages of the judgement bias task. As discussed above, there was a difference in the rate 799 

of habituation between the two locations (Fig. 9). During discrimination training, location had 800 

a significant effect on the number of worms taken, with more being taken from the low-fear 801 

feeders (Fig. 10). Finally, this difference was maintained when orange worms were introduced 802 

- significantly more were taken from low-fear feeders than high-fear feeders (Fig. 12).  803 

The final maps used to place the feeders were based on overall cover, so this suggests that it 804 

was the habitat that affected the birds’ foraging decisions. Cover provides concealment and 805 

refuge from predators (Carrascal and Alonso, 2006); these findings imply that the birds 806 

perceived the increased predation risk further from cover and adjusted their foraging 807 

behaviour accordingly. The difference between locations persisted throughout the 808 

presentations (Fig. 10) which implies that they perceived a considerable risk of predation at 809 

the high-fear locations (Brown, 1998; Rodríguez-Prieto et al., 2010). 810 

The behavioural observations corroborate that cover was important to the birds when 811 

foraging. In a video recording, a great tit was seen taking a worm from a feeder and carrying 812 

it to a close coniferous tree, where it consumed the worm (Fig. 17; Fig. 18), and in the camera 813 

trap recordings, a Eurasian jay was recorded flying away with a worm more often than a jay 814 

was recorded eating worms at the feeder (Fig. 14). This behaviour suggests that the birds 815 

were reducing their time spent in open areas, minimising their predation risk. This carrying 816 

behaviour has been observed in multiple bird species and varies depending on predation risk 817 

- it is more efficient and less energetically costly to eat at the food patch, but carrying food to 818 

cover for consumption minimises exposure to predators (Valone and Lima, 1987; Geisbrecht 819 

and Ankey, 1998). Therefore, this behaviour indicates that the birds perceived a high level of 820 

risk when foraging in open areas. As the low-fear feeders were closer to cover, any birds 821 
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utilising carrying behaviour would further reduce their time in the open at these feeders, 822 

potentially explaining why more worms were taken from them than the high-fear feeders.  823 

The behavioural differences at the different locations imply that birds at the ‘high-fear’ 824 

locations experienced a negatively-valenced affective state. Negative affective states are 825 

thought to arise as a response to environmental threats, and function to alter behaviour to 826 

aid survival (Mendl et al., 2010; Nettle and Bateson, 2012; Trimmer et al., 2013). The 827 

Landscape of Fear concept suggests that fear (a negative affective state) due to predation risk 828 

alters animals’ behaviour, including their foraging decisions (Laundré et al., 2010). In this case, 829 

it is likely that the experience of ‘fear’, a short-term emotional state arising due to increased 830 

perceived predation risk, altered the birds’ foraging behaviour in order to minimise the 831 

likelihood of predation. If a pessimistic judgment bias had been successfully evidenced, it 832 

would have further suggested that habitat-mediated predation risk induces a negative 833 

affective state, and demonstrated how fear can influence the appraisal of ambiguous stimuli. 834 

Despite the lack of cognitive evidence, the birds’ differing foraging behaviour suggests that 835 

the habitat map successfully identified locations that induced higher or lower fear for birds. 836 

The current findings are consistent with previous research demonstrating that birds alter their 837 

foraging decisions based on their proximity to protective cover. Wild woodland birds prefer 838 

to use experimental feeders placed close to cover (Giesbrecht and Ankney, 1998; Carrascal 839 

and Alonso, 2006). Carrascal and Alonso (2006) also observed increased vigilance behaviour 840 

further from cover, corroborating that these foraging decisions function to minimise 841 

predation risk and indicate fear (Crump et al., 2018). Turney and Godin (2014) found that after 842 

exposure to an artificial predator, birds took longer to return to feeders further from cover 843 

than feeders close to cover. This increased anti-predator response is consistent with a greater 844 

distance from cover being perceived as having greater predation risk (Turney and Godin, 845 

2014). Abdulwahab et al (2019) found that artificial food patches placed in cover had higher 846 

giving up densities – birds exploited food patches in cover more than those placed in the open. 847 

These differences suggest that birds forage in order to maximise their energy intake whilst 848 

reducing their predation risk (Abdulwahab et al., 2019; Brown, 1988), which could also 849 

account for the differences seen in the current study.  850 

Differing human disturbance could also have contributed to the differences between the 851 

locations. Paths were included in the habitat map as areas with no cover, which were 852 
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expected to be the most fearful areas for woodland birds; the potential for human activity 853 

was higher at the high fear sites. During this study, I observed human activity in the woods to 854 

be fairly low – these birds may therefore have been particularly sensitive to any disturbance 855 

that did occur, as they were less likely to be habituated to human presence (Bötsch et al., 856 

2018) and human disturbance has been shown to induce more fear when it is unpredictable 857 

(Eason et al., 2006; Ciuti et al., 2012). Human disturbance is known to affect foraging 858 

behaviour, for instance, blackbirds respond to pedestrians by spending less time searching for 859 

food, and consequently decrease their food intake (Fernandez-Juricic and Telleria, 2000). 860 

Disturbance from humans can be considered analogous to predation risk; birds respond to 861 

human activity as they would to ‘actual’ predation risk, diverting energy from fitness-862 

enhancing activities, including feeding (Frid and Dill, 2002). These behavioural responses are 863 

likely to be driven by fear (Laundré et al., 2010; Whytock et al., 2020; Rösner et al., 2014). 864 

Human disturbance may therefore also have contributed to the birds’ affective states at the 865 

different locations.   866 

Additionally, the results suggest that my presence in the woods may have affected the birds’ 867 

foraging decisions. There was a decrease in the mean number of worms taken from low-fear 868 

feeders on presentation 3 (Fig. 10) which was the day after I first introduced the hourly 869 

checks. This implies that despite my efforts to minimise disturbance the birds may still have 870 

been discouraged from using the feeders, further evidencing that human disturbance can 871 

affect foraging choices. However, the number of worms taken over 24-hours then returned 872 

to the previous pattern (Fig. 10), suggesting that my presence did not affect the number of 873 

worms taken in the subsequent presentations.  874 

2.4.3 Discrimination Training  875 

Unfortunately, there was no evidence of learning - despite the red worms being made 876 

unpalatable, there continued to be no significant difference in the birds’ consumption of the 877 

red and yellow worms. This was the case both over 24 hours (Fig, 10) and when recorded 878 

every hour (Fig. 11). There are several potential reasons for this result. 879 

An inability to discriminate the two colours is unlikely to explain this finding; captive birds 880 

have successfully learned to discriminate different shades of grey in cognitive bias studies 881 

(Bateson et al., 2015; Bateson and Matheson, 2007) and previous research demonstrates that 882 
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birds can differentiate red from yellow (Ham et al., 2006; Exnerova et al., 2006). It may be 883 

more difficult for birds in a complex, wild environment, to attend to and learn to distinguish 884 

colours, however, free-living hummingbirds have been shown to use colour associations to 885 

learn the re-fill schedules of artificial flowers (Samuels et al., 2014), demonstrating potential 886 

for wild birds to learn experimental colour associations.  887 

Another more likely explanation for this result is that the bitter-tasting Bitrex used to make 888 

the red worms unpalatable was not a successful deterrent in the quantity and application 889 

method used here. Previous research suggests that birds should be able to detect Bitrex prior 890 

to consumption when the food item is coated in a solution and find it distasteful (Skelhorn 891 

and Ruxton, 2006; Skelhorn and Rowe, 2009; Skelhorn and Rowe, 2010). Furthermore, 892 

Japanese tits (Parus minor) were able to learn to avoid Bitrex-soaked sunflower seeds when 893 

distastefulness was paired with visual cues (Kang et al., 2016). Therefore, as the worms used 894 

in this study were coated with a high quantity of Bitrex and presented alongside visual cues, 895 

this should have maximised success. It is possible that the birds continued eating the red 896 

worms regardless of the bitter taste, a phenomenon observed in some laboratory studies. 897 

Skelhorn and Rowe (2009) found that Bitrex was only effective as a deterrent when defended 898 

prey were encountered alongside undefended prey – even if they had learned an association, 899 

if unpalatable prey were presented alone, they would still eat it. Similarly, in a successful 900 

cognitive bias study, Bateson et al. (2015) found that starlings continued to probe the stimulus 901 

injected with quinine and eat quinine-injected mealworms; learning was only evidenced by 902 

differences in the birds’ latencies to probe the stimuli.  Alone, a bitter taste is not harmful to 903 

birds, so they may have learned that the taste is not associated with a negative outcome. 904 

Birds would likely learn to avoid Bitrex-coated worms if they did indicate toxicity (Skelhorn 905 

and Rowe, 2010), but feeding wild birds toxic food would not be ethical.  906 

Furthermore, it may be worth eating distasteful prey if it provides a high reward. Birds will 907 

consume actually toxic prey if the benefits outweigh the costs – starlings increase their intake 908 

of toxic prey with increasing nutritional content (Halpin et al., 2014) and will eat more toxic 909 

prey when their fat stores and body mass are reduced (Barnett et al., 2007; Barnett et al., 910 

2012). This may be especially significant for wild birds – unlike birds kept in captivity, their 911 

access to high-quality food might be limited, so it would be beneficial to eat distasteful but 912 
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high-quality food despite the risk of toxicity. This could explain why no evidence of learning 913 

was observed.  914 

Nevertheless, there may have been differences in the order or rate at which the birds took 915 

the red and yellow worms. Other studies have evidenced learning by recording the order that 916 

birds take different prey items (Skelhorn and Rowe, 2009; Lindström et al., 2001) or birds’ 917 

latencies to respond to different stimuli (Bateson et al., 2015). In the wild, this has been 918 

achieved by checking the location of placed artificial prey regularly and recording the ‘survival’ 919 

over time (Rowland et al., 2008; Wennerstern and Forsman, 2009). To replicate this, I began 920 

checking the feeders multiple times on the same day, but there was no significant difference 921 

between the number of red and yellow worms taken in this time (Fig. 11). Very few worms 922 

were taken during these hourly checks, potentially due to my presence discouraging birds 923 

from using the feeders; a difference in the order or rate that the worms were taken may have 924 

occurred in the subsequent hours. In summary, it is possible that learning did occur, but was 925 

not observed.  926 

Alternatively, learning may have been seen with an increased number of training trials. 927 

Learning is likely to take longer in the wild; Samuels et al. (2014) found that hummingbirds 928 

took an average of 235 visits to learn about the re-filling times of artificial flowers using colour 929 

cues. Each feeder may have been frequented by multiple individuals - if this were the case, all 930 

birds would need multiple experiences to learn the association. The limited video recording 931 

used here only identified one species per feeder (Fig. 13; Fig. 16), potentially suggesting that 932 

a single individual used each feeder, but further, continuous video recording would be needed 933 

to confirm this. This could also be further investigated by ringing birds to aid identification of 934 

individuals, in order to determine how many birds use each feeder. It could then be preferable 935 

to focus on feeders with a low number of visitors, as learning is likely to occur faster at these 936 

feeders.  937 

2.4.4. Judgement of Ambiguous Stimulus  938 

There was a difference in the number of intermediate orange worms taken from the high-fear 939 

feeders and the low-fear feeders (Fig. 12), but because discrimination training was not 940 

successful, it cannot be confirmed that the birds perceived the intermediate stimulus as 941 

ambiguous.  942 
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Furthermore, even if the birds had learned the discrimination, interpreting their responses to 943 

the ambiguous stimulus would still have been difficult because there was already a difference 944 

in the number of worms taken from the two locations. In judgement bias tasks, it is expected 945 

that the treatment used to alter affective state (i.e. distance from cover) should not influence 946 

the animal’s responses to the unambiguous stimuli; treatment differences should only be 947 

seen in response to the ambiguous cue (Mendl et al., 2009). Some treatments can also 948 

influence factors such as feeding motivation and learning, which can confound the 949 

interpretation of results in some judgement bias tasks (Mendl et al., 2009). In this case, there 950 

was already a difference in the number of unambiguous worms taken between the two 951 

locations. This could be because the affective state experienced at the high-fear feeders was 952 

too strong, or could be attributed to a non-affective explanation – i.e. as high-fear feeders 953 

were further from cover, it would have been more energetically costly for birds to fly to them. 954 

Regardless, there was a prior effect of location, which would have made interpreting the 955 

birds’ responses to the ambiguous stimulus difficult (but not impossible, e.g. Bateson et al., 956 

2011). This would need to be taken into account when planning similar future research. For 957 

example, this may not have been an issue if there had been a smaller difference between the 958 

high- and low-fear feeders (i.e. if the high-fear feeders were placed closer to cover). 959 

Alternatively, it could be preferable to compare separate habitats – i.e. one that is highly 960 

disturbed and one that is less disturbed; in this case, a difference in the birds’ responses may 961 

only occur for the ambiguous stimulus.  962 

2.4.5 Conclusion  963 

Differences in foraging behaviour suggest that fine-scale variation in cover and human 964 

disturbance did influence birds’ affective states. Although, the criterion for learning was not 965 

reached during the discrimination stage so a cognitive bias could not be evidenced. Further 966 

methodological developments are needed in order to test cognitive biases successfully in the 967 

wild.  968 
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3. General Discussion 969 

3.1. Using Cognitive Bias in the Wild  970 

Considering the welfare of wild animals in terms of their affective experiences is of increasing 971 

importance and scientific interest (Clegg et al., 2021; Papastavrou et al., 2017; Harvey et al., 972 

2021; Beausoleil et al., 2018). Behavioural and physiological indicators of affective states have 973 

limitations, and affective states are most accurately measured using multiple methods 974 

(Webster, 2005; Clegg et al., 2018). Cognitive measures, which had previously been 975 

overlooked, have become increasingly used to assess the welfare of captive animals (Clegg et 976 

al., 2018; Kremer et al., 2020; Crump et al., 2018; Roelofs et al., 2016). Therefore, I aimed to 977 

adapt a cognitive bias task for use in the wild. Unfortunately, the birds did not learn to 978 

discriminate the positive and negative stimulus, so a judgement bias could not be evidenced. 979 

However, aspects of the methodology were effective, and results indicated that the 980 

environmental factors successfully predicted birds’ ‘fear’ in different locations. Therefore, this 981 

experiment could inform further developments of cognitive measures of welfare for free-982 

living animals.  983 

Aspects of the methodology worked well and produced some useful findings. The habituation 984 

stage was successful; wild woodland birds quickly discovered and used the feeders as 985 

expected. This confirmed that wild birds were a good target population for this study. Subject 986 

participation can be a problem when studying cognition in the wild (Pritchard et al., 2016; 987 

Cauchoix et al., 2017; Kumpan et al., 2020; van Horik et al., 2016), so it was positive to show 988 

that birds would interact with the task regularly and after relatively few presentations. It also 989 

corroborates the idea that using a simple task with a familiar context encourages participation 990 

(Pritchard et al., 2016). Specifically, using a foraging-based task with high value food rewards 991 

likely increased birds’ motivation to participate in this study (Pritchard et al., 2016). It was 992 

also important to establish that the birds were willing to consume the coloured worms; red 993 

and yellow are colours often utilised in aposematic warning signals (Endler and Mappes, 2004; 994 

Rowe and Halpin, 2013) so if the birds had an innate or learned avoidance of prey items of 995 

these colours, they may not have interacted with the task. This was not the case for these 996 

birds, or any prior experience with these colours did not deter them from eating the artificial 997 

prey. There was also no evidence that the birds preferred one colour over the other, 998 

suggesting no innate preference for either colour. 999 
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The key finding was that the location of the feeders (either ‘high-fear’ or ‘low-fear’) affected 1000 

the number of worms taken. This indicates that the habitat maps successfully predicted birds’ 1001 

affective states in different areas, and that natural environmental variations can be used to 1002 

investigate affective states in wild animals.  1003 

This finding is consistent with the Landscape of Fear concept, as it demonstrates that variable 1004 

predation risk across a physical landscape resulted in variable fear and behaviour (Laundré et 1005 

al., 2010). It also provides further evidence that LOFs can be habitat-mediated (Laundré et al., 1006 

2010; Rodríguez et al., 2001), specifically that understory cover can affect birds’ fear of 1007 

predation (Morrison, 2011; Carrascal and Alonso, 2006; Abdulwahab et al., 2019), and that 1008 

anthropogenic activity can contribute to LOFs for wild animals (Rösner et al., 2014; Whytock 1009 

et al., 2020); this study provides further evidence that these factors elicit negative affective 1010 

states in wild birds. The LOF concept provides explanations for animals’ variable use of a 1011 

landscape (Laundré et al., 2010); here, the birds’ variable foraging in different locations can 1012 

be attributed to differing fear of predation as a result of variable vegetative cover.  1013 

It is also notable that these differences were seen at a small scale; although the feeders were 1014 

spread out, they were all placed within a relatively small patch of woodland, but differences 1015 

between locations were still found. Similarly, Abdulwahab et al. (2019) found differences in 1016 

birds’ GUDs at a microhabitat level. This suggests that birds’ affective states can fluctuate 1017 

greatly within a small area, due to differences in cover and human disturbance. Therefore, 1018 

these fine-scale habitat factors could have significant consequences for woodland birds’ 1019 

welfare and should be considered when making management decisions. These effects could 1020 

also result in larger-scale changes; reduced feeding could lead to poor body condition, which 1021 

could affect birds’ mortality or reproductive success (Seress et al., 2020). A lack of understory 1022 

cover and human activity have been shown to reduce habitat use by birds (Hewson et al., 1023 

2011; Rösner et al., 2014), implying that repeated or increased experiences of negative 1024 

affective states due to these habitat factors could contribute to large-scale avoidance of 1025 

undesirable areas. The LOF concept predicts that changes in predation risk (i.e. due to 1026 

reduced cover or increased human activity) will alter animals’ behaviour and use of a 1027 

landscape, which can influence other ecological changes (Laundré et al., 2010; Ripple and 1028 

Beschta, 2006; Ripple and Beschta, 2007). Thus, the observed behavioural changes due to 1029 

fine-scale habitat differences could precede wider ecological effects.  1030 
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3.2 Study Limitations  1031 

The cognitive bias task could not be completed as there was no evidence that the birds’ 1032 

learned to associate one stimulus with a positive outcome and the other with a negative 1033 

outcome (i.e. an aversive taste). Considering evidence from other studies using Bitrex and 1034 

other non-harmful bitter substances (Skelhorn and Rowe, 2009; Bateson et al., 2015; Skelhorn 1035 

and Ruxton, 2006; Skelhorn and Rowe, 2010) it is likely that the birds did find the Bitrex-1036 

coated worms distasteful but continued to eat them regardless. As it would not be ethical to 1037 

introduce actually toxic food in the wild (and birds may still eat toxic food – Halpin et al., 2014; 1038 

Barnett et al., 2007; Barnett et al., 2012), it is questionable whether using taste aversions 1039 

could be effective in this context.  1040 

Conversely, it is still possible that in the present study there may have been unobserved 1041 

differences in the latencies or order that the different coloured worms were taken (Skelhorn 1042 

and Rowe, 2009; Lindström et al., 2001; Bateson et al., 2015). I attempted to investigate this 1043 

by checking the feeders more regularly, but there were no differences during the hours I was 1044 

there. Therefore, it would have been preferable to constantly monitor the feeders via 1045 

increased use of video cameras or camera traps.  1046 

Increased monitoring could have also provided further important information. It would be 1047 

preferable to record how birds’ respond to the worms presented to them during each feeder 1048 

visit, rather than relying on counting missing worms after set periods of time. This could allow 1049 

for the birds’ responses at the feeders to be disentangled from their likelihood to visit the 1050 

feeders. Furthermore, without comprehensive video monitoring it was not possible to 1051 

determine how many birds visited each feeder; if a feeder was being used by multiple birds, 1052 

increased training presentations may have been needed in order for each individual to have 1053 

an opportunity to learn the discrimination. Conversely, it is also possible that an individual 1054 

bird may have frequented multiple feeders, in which case the findings may not be 1055 

representative of the bird population of this woodland. It would also be beneficial to discern 1056 

which species were using which feeders, as species differ in their responses to human 1057 

disturbance (Blumstein, 2006; García-Arroyo and MacGregor-Fors, 2020) and their use of 1058 

cover when foraging (Giesbrecht and Ankney, 1998).  1059 
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Finally, even if discrimination training had been successful, the difference in the number of 1060 

unambiguous worms taken between the locations would have made it difficult to interpret 1061 

the birds’ response to ambiguity (see section 2.4.4). This may have been because there was 1062 

too extreme a difference between the low- and high-fear locations, and the fear induced at 1063 

the high-fear feeders was too strong. If so, if there had been a smaller difference between the 1064 

locations (i.e. high-fear feeders placed closer to cover) then there may not have been a 1065 

difference between locations during discrimination training, but a difference may have 1066 

emerged when the ambiguous stimulus was introduced. Alternatively, it may have been 1067 

preferable to investigate long-term mood states rather than short-term emotional states. This 1068 

could be achieved by comparing two separate sites – i.e. comparing a highly disturbed habitat 1069 

to a less disturbed habitat (Ikuta and Blumstein, 2003; Fernández-Juricic and Telleria, 2000; 1070 

Bötsch et al., 2018). 1071 

Additionally, a potential explanation for this prior difference between feeder locations could 1072 

be the impact of human presence, as some feeders were placed close to active footpaths. 1073 

Although these areas were included to assess birds’ responses to potential human activity, if 1074 

these paths were highly frequented during the study birds may have avoided these areas, 1075 

accounting for the differences between locations. Therefore, it may be preferable in future 1076 

research to just investigate ‘natural’ habitat differences, as including areas with potential for 1077 

actual human disturbance could be confounding. Alternatively, the impact of human activity 1078 

could be assessed differently – for example by comparing a highly managed and an 1079 

unmanaged habitat and ensuring that there is no actual human presence during testing.  1080 

3.3 Future Directions  1081 

Developing methods to assess the affective states of wild animals is both important and 1082 

beneficial and should therefore be a research priority (Harvey et al., 2021; Clegg et al., 2021). 1083 

The inclusion of cognitive measures has advantages and would simultaneously benefit the 1084 

general study of animals’ moods and emotions, which has predominantly been lab-based so 1085 

far.  1086 

In judgement bias tasks, the use of naturally aversive stimuli could circumvent the issue of 1087 

having to train an association, which would be particularly beneficial in the wild. Brilot et al. 1088 

(2009) attempted to avoid the long training times associated with judgement bias tasks by 1089 
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using a stimulus that is naturally aversive to European starlings – eyespots. Affective states 1090 

were induced using auditory stimuli, some of which (alarm call and white noise) elicited 1091 

behaviours consistent with fear (Brilot et al., 2009). However, they did not find an interaction 1092 

between the birds’ affective states and their responses towards the stimuli; the authors 1093 

suggest that this was because the aversiveness of eyespots is not related to fear (Brilot et al., 1094 

2009). Therefore, whilst it would be beneficial to use naturally aversive stimuli, any future 1095 

research should consider the function of a stimulus and how that could interact with the 1096 

requirements of cognitive bias task.  1097 

As mentioned above, increased use of video monitoring would allow future studies to identify 1098 

evidence of learning that may otherwise be missed, and provide other important information 1099 

regarding what birds are visiting the feeders. Alternatively, researchers could take advantage 1100 

of wild bird populations that are more habituated to human presence – i.e. urban birds. If 1101 

birds could be closely observed it would negate the need for video recording, which would be 1102 

more cost-effective. For example, Marples et al. (1998) were able to record individual wild 1103 

blackbirds and robins’ responses to coloured artificial prey by ringing birds, releasing them, 1104 

and then training them to come to a feeder site and eat in front of observers. Radio Frequency 1105 

Identification (RFID) and Passive Integrated Transponder (PIT) tags could also be used to 1106 

precisely record individual birds’ visits to feeders (Galbraith et al., 2017). However, close 1107 

observation could interfere with findings; it is likely that participation would be biased 1108 

towards individuals with a ‘bold’ personality type (van Horik et al., 2017) which would not be 1109 

representative, especially as personality can affect birds’ cognitive biases (Cussen and Mench 1110 

2014). Moreover, as participating birds would have to be relatively accepting of human 1111 

presence, it would limit the exploration of responses to anthropogenic disturbance. Ringing 1112 

or tagging wild birds is invasive and likely to induce fear, which could impact their behaviour 1113 

(Schlicht and Kempenaers, 2018). Therefore, whilst expensive, increased use of video cameras 1114 

or camera traps would be preferable.   1115 

Alternatively, it could be preferable to use other cognitive measures of affective state. 1116 

Methods that do not require extensive training are more likely to be successful in the wild 1117 

and would also be more easily implementable as repeatable measures of wild animal welfare. 1118 

Some measures of attention bias have strong potential to be used in the wild, as they do not 1119 

require training (Crump et al., 2018). Furthermore, cognitive measures should be carried out 1120 
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alongside other indicators of emotional state - this is vital in order to obtain a more accurate 1121 

view of wild animals’ welfare (Webster, 2005; Clegg et al., 2018).  1122 

3.4 General Conclusion 1123 

It is desirable to develop cognitive measures of assessing welfare that can be used in the wild, 1124 

both in order to improve our assessment of wild animal’s wellbeing, and to further our 1125 

understanding of the evolution and function of affective states. I adapted a cognitive bias task 1126 

for use in the wild, to assess the welfare of free-living birds. This study demonstrated both 1127 

the potential advantages and the challenges associated with using cognitive measures of 1128 

welfare in the wild. The results indicate that habitat factors strongly affected the birds’ 1129 

foraging behaviour, which shows potential for using natural environmental fluctuations to 1130 

explore affective states in free-living animals, and further evidences the negative 1131 

consequences of reduced cover and human disturbance for birds. However, there was no 1132 

evidence that the birds learned to differentiate the negative and positive stimuli, which 1133 

highlights the need for careful consideration of how to adapt methodologies given the 1134 

limitations of working in the wild. I hope that the points discussed here will lead to further 1135 

developments of cognitive and other methods for assessing the welfare of wild animals. This 1136 

is essential in order to understand and contend with the impacts of increasing anthropogenic 1137 

change on wild animal welfare.  1138 

 1139 

  1140 
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