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Abstract  

From insects to great apes, animals use information from others to assess their 

environments and improve decision-making. Social information can be essential 

in collective decisions - producing cohesive behaviour where individuals monitor 

each other’s cues - and can facilitate learning of adaptive information, allowing 

individuals to avoid costly trial and error. Social information use is gaining 

growing attention, but there is a lack of experimental manipulation, especially in 

studies of wild animals. I address both collective decision making and social 

learning in wild jackdaws using playback experiments. Jackdaw roosts can 

contain thousands of birds, yet morning departures are coordinated and 

cohesive. While jackdaws are very vocal in the pre-departure period, it is 

unclear whether these vocalisations help coordinate roost departures. Using a 

playback experiment, I explored whether low frequency calls act as ‘primers’ in 

collective roost departures. I gave playbacks of high or low frequency calls to 

jackdaw roosts at dawn, predicting that low frequency calls would result in 

earlier roost departure. I found no effect of playback type on the time of roost 

departures, and no support for my hypothesis that low frequency calls act as 

‘primers’.  It is thought that jackdaw chicks are born naïve to threats, learning to 

recognise predators through observing conspecifics. However, it is unknown 

whether this is limited to fledged birds, or altricial young begin learning about 

threats in the nest. Using playbacks, I explored whether nestlings learn to 

recognise novel predators after receiving calls in association with adult jackdaw 

scolds. I found a change in chick behaviour after training, most notably reduced 

vigilance after training with contact calls, compared to both untrained and scold-

trained chicks, suggesting that they had learnt to recognise the stimulus as 

unthreatening.  



iii 

 

Contents 

List of Tables………………………………………………………………………......vi 

List of Figures………………………………………………………………………...viii 

Introduction………………………………………………………………………..……1 

 Introduction to social information use in wild populations..…………..……1 

 Collective decision making…………………………………..…………..…...1 

Self-organised behaviour through simple rules…………………...…..……3 

Quorum decisions…………………………………………….…………..…...4 

Coordinating group departures………………………………..………..……6 

Avian roost departures……………………………………………….…..…...9 

Social Learning……………………………………………………….…..…..10 

Learning about novel predators………………………………….……..…..11 

Nestling responses to predation……………………………….………..….13 

Relevance of my research…………..………………………………………14 

Study System…………..……………………………………………………..16 

Research Aims…………..…………………………………………………...17 

Data chapter 1: Role of vocalisations in coordinating roost departures………..18 

 Abstract………………………………………………………………………..18 

 Introduction…………..……………………………………………………….18 

 Methods…………..…………………………………………………..……….21 

  Audio Recording…………..………………………………………….21 



iv 

 

Playback Construction…………..…………………………………..21 

Experimental Protocol…………..…………………………………...23 

Video Transcription…………..………………………………………24 

Statistical Analyses…………..………………………………………24 

Ethical Note…………………………………………………………...25 

Results…………..…………………………………………………………….26 

 Discussion…………..………………………………………………………...30 

Data chapter 2: Social Learning of novel predators………………………………33 

Introduction…………..……………………………………………………….33 

Methods……………………………………………………………………….37 

Study System…………..……………………………………………..37 

Experimental Design…………..…………………………………….37 

Playback Construction…………..…………………………………..39 

Experimental Protocol…………..…………………………………...41 

Video Transcription…………..………………………………………42 

Statistical Analyses…………..………………………………………44 

Ethical note…………..……………………………………………….45 

Results………………………………………………………………………...46 

Vigilance…………..…………………………………………………..46 

Preening…………..…………………………………………………..50 



v 

 

Begging…………..……………………………………………………53 

Time at front of box…………………………………...……...…..….56 

Time at back of box……………………………………………....….58 

 Discussion…………..………………………………………………………...61 

Discussion………………………………………………………………………...…..64

 Collective behaviour……………………………………………………...….64 

  Future directions……………………………………………….....….65 

 Social learning………………………………………………...……………...66 

  Future directions………………………..………………………...….67 

 Summary…………………………………………………………..……...…..68 

Appendix: Maps of roost sites…………..…………………………………………..70 

Bibliography…………..……………………………………………………………....71 

Acknowledgements…………………………………………………………………..85 



vi 

 

List of Tables 

Table 1: Generalized Linear Mixed Models describing the effects of fixed terms 

on roost departure time.  

Table 2: Random effects from the most-supported (null) model on roost 

departure time.  

Table 3: Schedule of playback treatments given to each box.   

Table 4: Behaviours transcribed from experimental videos.  

Table 5: Generalized Linear Mixed Models describing the effects of fixed terms 

on post-test vigilance.  

Table 6: Parameter estimates of the most-supported model on post-test 

vigilance.  

Table 7: Generalized Linear Mixed Models describing the effects of fixed terms 

on post-test preening.  

Table 8: Parameter estimates of the most-supported model on post-test 

preening. 

Table 9: Generalized Linear Mixed Models describing the effects of fixed terms 

on begging behaviour post-test.   

Table 10: Parameter estimates of the most-supported model on post-test 

begging.  

Table 11: Generalized Linear Mixed Models describing the effects of fixed 

terms on time spent at the front of box post-test.  

Table 12: Random effect estimates from of the most-supported (null) model on 

post-test time at front. 



vii 

 

Table 13: Generalized Linear Mixed Models describing the effects of fixed 

terms on time spent at the back of box post-test.  

Table 14: Random effect estimates from the most-supported (null) model on 

post-test time at back.  

  



viii 

 

List of Figures 

Figures 1a and 1b: Spectrogram of the high and low frequency playback for 

Gwennap roost.  

Figure 2: Boxplot showing time of roost departures (relative to dawn) for all 

treatments. 

Figure 3: Scatter graph showing relationship between cloud cover and 

departure time, with line of best fit. 

Figure 4: Spectrograms of playbacks from box x01. 

(top: contact calls, pine marten, bottom: scold calls, red kite) 

Figure 5: Boxplot showing change in vigilance in response to playbacks for 

each treatment. 

Figure 6: Scatter graph showing relationship between chick age and preening, 

with line of best fit. 

Figure 7: Boxplot showing effect of treatment order on begging in response to 

playbacks.   



 

1 
 

Introduction 

Introduction to social information use in wild populations 

Animals may acquire both personal information, from interactions with their 

physical environments, and social information, through interactions with other 

individuals and their products (Evans et al., 2015).  Using social information can 

be beneficial, leading to more accurate assessments of ecological conditions, 

and facilitating optimal decision making (Evans et al., 2015). For example, using 

social information increases great tits’ (Parus major) and blue tits’ (Cyanistes 

caeruleus) probability of acquiring information about novel foraging items by 22 

times (Farine et al., 2015), and accelerates starlings’ (Sturnus vulgaris) 

competence at a novel foraging task seven-fold (Boogert et al., 2014). However, 

indiscriminate use of social information can be costly, leading to information 

cascades where blind copying leads to maladaptive behaviour (Giraldeau et al., 

2002, Faria et al., 2010). Therefore, animals are expected to use social learning 

strategies, choosing to use social information in specific contexts, such as 

uncertain environments or when gathering personal information presents a 

danger (Giraldeau et al., 2002, Hoppitt & Laland, 2013). 

 

Collective decision making 

Integrating social information from multiple group members can allow the 

collective decision making and movement of large groups (Petit & Bon, 2010). 

The phenomenon of collective intelligence, whereby groups are can perform 

tasks that are beyond the capacity of individuals, is taxonomically widespread 

(Petit et al., 2009) and can result in group level synchronisation in response to a 

stimulus (Pillot et al., 2010). While difficult to define (Leonard et al., 2012), 
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understanding collective decision making is essential to studying the behaviour 

of group living animals (Saffre et al., 1999) - including ourselves (Couzin et al., 

2005). 

Decision making in a group can be described as despotic, distributed, or 

democratic (Conradt & Roper, 2005, Pillot & Deneubourg, 2010). As conflicts of 

interest are common, especially in groups of unrelated individuals (Conradt et 

al., 2009, Pillot & Deneubourg, 2010), despotic decisions are collectively 

beneficial only when groups are small. In small groups, coordination can be 

achieved through manipulative or assertive behaviour with low chances of the 

group splitting (Conradt & Roper, 2003, Conradt et al., 2009). Democratically 

made decisions can be less costly to the group as a whole, as extreme 

individual preferences are drowned out by others in the group (Conradt & 

Roper, 2003, Petit & Bon 2010). However, democratic decisions do not always 

require a majority to make an informed decision - a small informed minority with 

a preferred course of action can lead a group in coalition with an uninformed 

majority, diluting the expression of extreme minority preferences without 

sacrificing accuracy or speed of decision making (Dyer et al., 2008, Miller et al., 

2013).   

Work by King & Cowlishaw (2007) supports Condorcet’s jury theorem, which 

states that members of a group with independent information perform best 

using majority decisions, and that the chances of a majority reaching a correct 

decision increases with jury size (List et al., 2009, Hoppitt & Laland, 2013). 

Empirical studies corroborate this: day roosting bats (Kashima et al., 2013), and 

foraging fish (Sumpter et al., 2008, Couzin et al., 2009, Bshary et al., 2014) 

make more accurate decisions about resources when exchanging information in 
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large groups. While consulting large groups may lead to more accurate decision 

making, there can be an associated time cost. As Franks et al. (2002), Conradt 

& Roper (2005), Robinson et al. (2011), and Pele & Sueur (2013), all report a 

trade-off between latency and accuracy of decision making, how can groups 

reap the benefit of combined information whilst avoiding unnecessary delays? 

Reaching a consensus requires all to accept the decision made without 

necessarily requiring input from all group members (Conradt & Roper, 2005, 

Kao et al., 2014). For example, in the ant Lophocampa albipennis, optimal nest 

sites are chosen with only a third of workers recruiting others to the new site 

(Pratt et al., 2002). Small democratic groups may be able to count individual 

‘votes’, indicated through ritualised vocalisations or movements, to confirm a 

consensus has been reached.  

Self-organised behaviour through simple rules 

Simple interaction rules can allow large groups to collate a wealth and diversity 

of information, and lead to the emergence of accurate collective intelligence 

without central control or mass communication (Nicolis & Deneubourg, 1999, 

Gordon, 2002, Pratt et al., 2002, Sumpter et al., 2008, Moussaid et al., 2009, 

Dussutour & Nicolis, 2013, Miller et al., 2013). Understanding self-organisation 

changed the way collective behaviour was viewed; there was no need for 

organisms to have complete information, no need for collective control – instead 

collective behaviours could occur spontaneously as a result of following simple 

if-then rules (Detrain & Deneubourg, 2006, Conradt & Roper, 2005). This has 

probably been most famously studied in social insects (see Deneubourg & 

Goss, 1989), and flocking and schooling groups. The use of computer 

simulations (e.g. Couzin et al 2002) has demonstrated that cohesive, collective 
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movements could be coordinated through such rules, resulting in individual 

alignment, attraction or repulsion to others, based purely on the distance 

between individuals. Explaining the complex collective behaviour of ‘basic’ 

organisms no longer relied on assumptions of complex cognitive abilities; 

instead a consensus can be reached without intentional signalling or individual 

recognition – with cues such as physical contact, pheromones, or carbon 

dioxide levels key in influencing behaviour instead (Dyer et al., 2008, Detrain & 

Deneubourg, 2006).  

Self-organised collective decision making is perhaps best documented in honey 

bee swarms: new nest sites are located by a minority group of scouts, who 

return to the colony to perform recruitment dances indicative of site quality 

(Seeley et al., 1991, Seeley, 1989, Camazine & Sneyd 1991, Franks et al., 

2002, List et al., 2009). This recruitment results in a positive feedback loop, and 

the abandonment of suboptimal potential sites (Seeley et al., 1991, 1989, 

Camazine & Sneyd 1991, Franks et al., 2002, List et al., 2009). While there is 

limited communication between individuals and no direct comparisons of sites, 

the ‘superorganism’ acts collectively to select the best possible nest site within a 

few hours (Seeley et al., 1991, 1989, Camazine & Sneyd 1991, Franks et al., 

2002, List et al., 2009).  Such simple rules can create collective behaviour from 

insects to primates (Sueur & Deneubourg, 2011), with no requirements for 

complex cognitive capabilities (Couzin et al., 2005). 

Quorum decisions 

There is mounting evidence that an informed minority can be sufficient, or even 

more effective, in creating collective decisions (Leonard et al., 2012, Couzin, 

2005, Couzin et al., 2011). This is the case in quorum decisions, where only a 
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given threshold of the group need indicate a preference to induce a group-wide 

change in behaviour. Quorum decisions may represent an optimal trade-off 

between accuracy and speed of decision making; the group need only wait for a 

small number of individuals to corroborate the choice made (Passino et al., 

2006, Seeley & Visscher, 2004a), but the likelihood of informational cascades is 

reduced by restricting whole group decisions until this support has been 

gathered (Ward et al., 2008).   

Using a quorum can translate thousands of differing opinions into a single, 

accurate, binary choice (Conradt & Roper, 2005, Miller et al., 2013). 

Furthermore, this threshold can be assessed using graded or continuous cues 

instead of counting signalling individuals (Franks et al., 2002, Pratt et al., 2002); 

for example, the threshold density which triggers locust swarms (Schistocerca 

gregaria) is communicated through physical touch (Simpson, 2001, Miller, 

2010).  Using simple, sensory cues in this way increases the efficiency of 

decision making further, eliminating the need to identify who possesses useful 

information – particularly useful in very large groups (Ward et al., 2008). For 

example, the ant L. albipennis begins actively carrying colony members to the 

new nest site once a threshold number of individuals can be found at the new 

nest - this is a more efficient method of colony transport, approximately three 

times faster than tandem running (Pratt et al., 2002).  

The relationship between group size and quorum is unclear: work by Conradt 

(2005) Ward et al. (2008), and Pratt et al. (2002) found that while smaller and 

split groups may have a lower quorum, reaching faster decisions, larger 

quorums are likely to result in more accurate decisions (Cronin & Stumpe, 

2014).  However, the importance of the quorum value suggests that it is likely to 
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have been shaped by natural selection to optimise accuracy and speed of 

decision making in a given ecological context, and avoid fragmenting the group 

(Franks et al., 2002, Seeley & Visscher, 2004a). 

While many theoretical studies discuss quorum sizes as a proportion of the 

group, some empirical studies indicate an absolute quorum requirement, rather 

than a given proportion of the group.  For example, honey bee (Apis mellifera) 

swarms relocating to a new nest require a quorum of only 10-15 scouts 

favouring a given site to spark a move, regardless of the size of the colony 

(Franks et al., 2002, Seeley & Visscher, 2004). Once this threshold is met, 

scouts begin producing worker ‘piping signals’, triggering other workers to begin 

raising their body temperature in order to fly. Around half an hour later, the 

scouts begin ‘buzz running’ at an increasing rate, reaching a crescendo, and the 

new colony leaves the nest, quickly and without fragmenting (Franks et al., 

2002, Seeley & Visscher, 2003, Visscher & Seeley, 2007). It has been 

suggested that piping and buzz running represent ‘primer’ and ‘releaser’ signals 

(Visscher & Seeley, 2007). Although the terms were originally used to describe 

types of pheromone signals, a ‘primer’ is any slow-building signal that prepares 

individuals to respond to the immediate-acting ‘releaser’ (Slessor et al., 2005).  

Coordinating group departures 

Collective movement requires directional cohesion and temporal synchrony, 

and this can only be achieved through the rapid and efficient spread of social 

information (Pillot et al., 2010, Rosenthal et al., 2015). If social cohesion cannot 

be maintained, this will result in fragmentation or false starts (Seuer et al., 

2011). Such errors can cost group members valuable time and energy, or 

reduce or eliminate the benefits of grouping, leaving group members more 
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vulnerable to predation, or unable to locate food or conspecifics (Boinski & 

Garber, 2000, Conradt & Roper, 2005, Harcourt et al., 1993).  

Some authors have suggested that collective movements can be achieved 

wherever the attraction between members of the group is greater than the 

attraction between group members to their current location (Boinski & Garber, 

2000). This was demonstrated in Pillot et al.’s (2010) experimental work on 

collective movement in domestic sheep (Ovis aries)– as a gregarious species, 

one trained demonstrator could lead an entire naïve flock without any signs of 

deliberate recruitment. Coombs (1978) also noted a strong attraction between 

individual corvids, which could play a part in response facilitation and 

coordinated movements in winter roosts.  

Informed individuals may produce ‘voting’ or ‘notifying’ behaviours which 

indicate their preferences to the group (Petit & Bon, 2010). Although it is not 

understood whether these behaviours are signals (deliberately produced), or 

unintentional consequences of increased arousal, there may be benefits to 

indicating readiness when behavioural benefits are interdependent on others’ 

choices (Boinski & Garber, 2000, Harcourt et al., 1993, King & Sueur, 2011).   

‘Voting’ behaviour in buffalo (Syncerus cafer) consists of standing when ready 

to move after resting, and orienting in the direction of desired travel - however, 

voting/notifying behaviours often include vocalisations, using calls shaped by 

selection to resist attenuation, or weakening, over long distances (King & Sueur, 

2011).  

For example, spear-nosed bats (Tadarida pumila) begin vocalising and moving 

fifteen minutes before coordinated roost departures begin (McWilliam ,1989), 

while adult female squirrel monkeys use repeated calls when initiating group 
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departures. In such cases, departures may be delayed until all group members 

have reached a consensus (Boinski, 1991, Boinski & Garber, 2000).  Pre-

departure vocalisations appear to be common in primate groups, with recorded 

observations in howler monkeys (genus Alouatta), Japanese macaques 

(Macaca fuscata), golden tamarins (Leontopithecus rosalia), and indri (Indri 

indri) (Boinski et al., 1994, Boinski & Garber, 2000, Pollock, 1975).  Mountain 

gorillas (Gorilla beringei beringei) use vocalisations, especially where visual 

contact is impossible, to reduce their likelihood of isolation from the group 

(Boinski & Garber, 2000, Harcourt et al., 1993).  As the rest period draws to a 

close, a gradual increase in calling number and rate can be observed, with call 

and response between individuals - these vocalisations appear to be notifying 

behaviours, indicating the caller’s readiness to leave (Boinski, 1991, Harcourt et 

al.,1993). Such behaviours may be contagious, arising from ‘response 

facilitation’, where exposure to others’ behaviour can increase rates of an 

individual’s own performance (Hoppitt & Laland, 2013). For example, ‘moving 

out’ calls spread through dwarf mongoose groups (Helogale parvula) 

accompanied by increased ritualised movements, eventually leading to 

synchronised group movements (Rasa, 1977, Boinski & Garber, 2000).  

Such pre-departure vocalisations could be used to generate quorum decisions, 

but firm evidence is scarce in vertebrates. White-fronted capuchin monkeys 

(Cebus albifrons) use trill calls to coordinate group movements, in a process 

resembling quorum decision making. Once three individuals in a group have 

indicated an intention to move, the remaining group members follow together 

(Petit et al., 2009). In a rare experimental manipulation of quorum decision 

making in vertebrates, Bousquet et al. (2011) described a meerkat group 
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(Suricata suricatta) reaching a consensus on the timing of group movement 

once three individuals – regardless of identity - produced ‘moving calls’. Despite 

the small quorum size, the group remained cohesive. When initiation of 

movement failed, leading individuals usually returned to the group – a hallmark 

of quorum processes is a consensus, ‘all-or-nothing’ response (Petit et al., 

2009).  

Avian roost departures 

The prevalence of communal roosting in birds is still not fully understood. In an 

attempt to explain the collective behaviour, Ward and Zahavi (1973) introduced 

the Information Centre Hypothesis, arguing that communal roosting evolved to 

facilitate information sharing where resources fulfilled certain criteria (patchy, 

long-lasting, etc.).  However, the hypothesis faces continued criticism, and rival 

hypotheses have been put forward. Perhaps most notably, Richner & Heeb’s 

(1995) Recruitment Centre Hypothesis suggested that recruiting roost-mates to 

foraging sites could benefit the recruiter through shared defence or tracking of 

resources - particularly when food is scarce. They predicted that strong 

recruitment could result in collective roost departures.  Support for this idea has 

been seen in foraging sparrows (Passer domesticus), whose ‘chirrup’ calls 

attract conspecifics to share divisible resources (Elgar, 1986). This may form 

part of a predator defence strategy, but also seems to be increasingly prevalent 

when temperatures are cold (Elgar, 1986) – fulfilling Richner & Heeb’s (1995) 

prediction regarding resource scarcity.  Similarly, Brown et al. (1991) observed 

cliff swallows (Petrochelidon pyrrhonota) advertising insect swarms to 

conspecifics, perhaps improving their foraging ability. Again the effect was most 

noticeable during cold weather.   
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Regardless of motivation, vocalisations appear to be important in the mass 

movements of birds, with some collective movements appearing to be mediated 

through quorum decisions based on vocalisations. One example is the 

congregations of Canada geese (Branta canadensis) at traditional winter 

roosting and foraging locations (Raveling, 1969).  In addition to contagious head 

tossing movements - rarely seen in single individuals, increasing in intensity and 

reaching a peak just before coordinated flights – the geese produce low, 

‘guttural’ vocalisations until take-off when they resume ‘honking’ (Raveling, 

1969). Black (1987) made similar observations in mute swan flocks (Cygnus 

olor); flights were coordinated using a combination of head bobbing and low 

pitched calling. Signalling rate and call amplitude increased until a threshold 

rate of head bobbing was reached, at which point the group took off and 

vocalisations became higher pitched (Black, 1987). These behaviours suggest 

that quorum sensing may be occurring; contagious signals increasing in 

intensity, with group wide behaviour triggered once a given threshold is 

reached.  However, as these studies are largely qualitative and purely 

observational, more evidence is needed to confirm the use of quorum decision 

making in these instances.  

 

Social Learning 

The use of social information can have immediate, short-lived benefits - for 

example by enabling synchronised behaviour.  However, observations or 

interactions with (usually) a conspecific or its products can also alter individuals’ 

behaviour longer term (Heyes, 1994, Hoppitt & Laland ,2013). Monitoring 

conspecific interactions with the environment exposes individuals to a 
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relationship between stimuli (Olsson & Phelps, 2007), leading to social learning 

through classical, or observational conditioning (Curio et al., 1978, Hoppitt & 

Laland, 2013), and often resulting in a matching, persistent response to the 

observed stimulus (Olsson & Phelps, 2007, Shettleworth, 2010).  Social 

learning is taxonomically widespread, from insects to primates (Chittka & 

Leadbeater, 2005, Mineka & Cook, 1988), and can be advantageous compared 

to continual sampling of the environment, allowing naïve individuals to adapt 

their behaviour to local conditions while saving time and avoiding direct risk of 

danger (Evans et al., 2015). 

Learning about novel predators 

Social learning may be particularly valuable when learning about dangerous 

stimuli, such as novel predators, because direct experience may result in 

mortality, especially for naïve individuals.  Despite the risks of direct experience, 

many species do not have an innate recognition of sympatric predators. For 

example, naïve captive born cotton top tamarins cannot distinguish between 

playbacks of predators and sympatric non-predators, reacting with equal 

arousal, fear, and vocalisations to both (Friant et al., 2008). Juvenile meerkats 

also appear naïve to threats around them, reacting equally to harmless ground 

squirrels and predators alike (Graw & Manser, 2007).   

Such naivety may appear to increase the risk of predation, or increase energetic 

costs through reactions to non-threatening stimuli. However, it can offer 

individuals flexibility in a changing environment, and species without an innate 

fear of a given stimulus can often learn quickly through observational 

conditioning.  A review by Griffin (2004) found that exposure to predator cues in 

conjunction with conspecific warning signals reliably created an avoidance 
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response in species with little or no initial response to the experimental 

stimulus, over 1 or 2 treatments. For example, pike-naïve minnows (Pimephales 

promelas) learned to associate alarm pheromones with pike odours, eventually 

reacting fearfully to the odour without pheromones present (Brown & Smith, 

1996, Mathis et al., 1996).   

Such social learning of predators can be multimodal, including chemosensory 

(in the case of pheromones), visual and/or acoustic elements. In the case of 

avian predator avoidance, acoustic stimuli may be most pertinent due to the 

defensive vocalisations produced by many species (Gill & Sealy, 2003, Hurd, 

1996). For example, Curio’s (1978) study of blackbird mobbing (Turdus merula) 

found that it was possible to triple the blackbirds’ response to non-raptor birds, 

after a training scheme associating non-raptor calls with mobbing playbacks. 

These effects lasted for at least 8 days after training finished. Although their 

primary function appears to be deterring immediate threats, such scolding or 

mobbing calls may also lead to cultural transmission of predator recognition in 

wild conditions, with the contagious nature of mobbing drawing in individuals 

and providing a learning opportunity (Curio, 1978, Hoppitt & Laland, 2013, Hurd, 

1996, Lorenz, 1949, Rasa, 1997).  

 Lorenz discussed this phenomenon in “King Solomon’s Ring” (1949) – his 

speculation that jackdaws could remember individual human handlers after 

seeing them scolded (having loud, harsh-sounding vocalisations directed at 

them) by conspecifics has gained support from a recent paper by Cornell et al. 

(2012). After handling adult American crows (Corvus brachyrhynchos) while 

wearing unique masks, they found that consequent scolding extended to 

juveniles who had not been exposed personally to the masks, but had observed 
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the masks in conjunction with scolding from others in their group. Similarly, 

unaccompanied young meerkats do not recognise snakes as dangerous, and 

attempt to mob non-dangerous squirrels before they learn through repeated 

observations of adults’(Graw & Manser, 2007). 

However, the social transmission of behaviours does not extend to all stimuli – 

for example, minnows retain a learned fear of pike, but do not learn to fear 

goldfish (Chivers & Smith, 1994, Krause & Ruxton, 2002). Mineka & Cook’s 

(1988) classic study described how rhesus monkeys could be conditioned to 

respond fearfully to snakes but not flowers. This phenomenon was described as 

‘preparedness’, an innate sensitivity to potential relevant stimuli (Mineka & 

Cook, 1988). This has been demonstrated again in recent work by Shibasaki & 

Kawai (2014): captive, naïve Japanese macaques spontaneously associate 

alarm calls with snakes presented in the left visual field, but not with flowers 

under the same conditions (Shibasaki & Kawai, 2014). The macaques also 

looked longer at snakes when combined with alarm calls than when combined 

with contact calls, suggesting an innate predisposition to fear snakes (Shibasaki 

& Kawai, 2014) - the extent or latency of an animal’s response can often reveal 

their ‘certainty’ about a situation (Shettleworth, 2010). In some cases, 

preparedness can result in a response to non-relevant stimuli, but more weakly, 

for example in the case of blackbirds trained to mob plastic bottles (Curio et al., 

1978). 

Nestling responses to predation 

While juveniles are often unable to discriminate threatening stimuli, their inability 

to feed themselves can compound the risks of predation. While begging is 

necessary to sustain themselves, increased begging rates attract higher 
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numbers of predators to the nest (Haskell, 1994, Leech & Leonard, 1997, 

McDonald et al., 2008). Redondo & Castro (1992a) also found that increased 

begging activity led to nest predation, and sooner. In particular, nest boxes are 

more likely to be targeted by avian predators (Leech & Leonard, 1997).  As 

might be expected, simulations of predation can lead chicks to stop begging 

(Redondo & Castro, 1992a), but if nestlings are born naïve to predators (Graw 

& Manser, 2007, Lorenz, 2002), how do they decide when to reduce their 

begging efforts?  As both begging and hunger have direct costs for nestlings, 

one might expect selection for learning of predators in the nest through 

associations with parental scolding. This would allow nestlings to stop, reduce, 

or downgrade begging efforts in response to the environmental cues to optimise 

their own fitness (Redondo & Castro, 1992), perhaps also becoming more 

vigilant in response. Learning to identify sympatric predators as a nestling would 

allow them to adjust their behaviour during this vulnerable period and potentially 

beyond, if this recognition persisted into maturity. However, little is known about 

whether nestlings can learn about predators using social cues.    

Relevance of my research 

Social information use can improve adaptive decision making, but requires 

careful discrimination to avoid maladaptive copying behaviour. The strategic 

use of social information can often be achieved using simple rules – even when 

groups have several thousand members.  Moussaid et al., (2009) suggested 

that such simple, individual rules – without external control - may be as 

important for underpinning collective behaviour in humans, as they are in birds, 

fish, and insect groups. Indeed, studying the rules which enable collective 

behaviour in animals also has valuable applications for understanding human 
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behaviour, for example crowd control and emergency planning (Dyer et al., 

2008, Helbing et al., 2000), cultural trends, and opinion forming (Moussaid et 

al., 2013).   

While understanding collective behaviour can provide these valuable insights, it 

is rarely studied, let alone manipulated, in free living animals. While it seems 

likely that avian roosts facilitate recruitment and information sharing, I know of 

no literature discussing the group decision making processes involved in avian 

roosts. I hope that by experimentally manipulating of roost departures, I can 

shed light on the processes involved, and expand on the few comparisons that 

have been made between theoretical and empirical studies of collective 

behaviour in wild animals (Cavagna et al., 2008). 

With many species born naïve to potential threats, social information plays a 

large role in the development of defensive behaviour. Jackdaw predators are 

known to include peregrine falcons, owls, and buzzards (Coombs, 1978). 

However, Konrad Lorenz (1949) described jackdaws as having no innate ability 

to identify threats (in this case cats), which instead must be learnt through 

association with conspecific scolding calls. While the extent to which jackdaws 

have evolved with predation from cats is not clear, this lack of fear response to 

an unknown predator is surprising given that jackdaws exhibit high levels of 

neophobia (Greggor et al., 2016a, Greggor et al., 2016b) 

Most avian social learning studies have focused on the practical conservation 

applications of experimental protocols, for example Maloney & McLean’s (1995) 

training of New Zealand robins to fear introduced stoats. As a result, the 

mechanistic, cognitive, and developmental elements of social learning about 

threats appear to have been largely overlooked in studies of free living species 
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(Griffin, 2004), and restricted to captive studies with only a few exceptions, e.g. 

Cornell et al. (2012). 

In addition to establishing whether this behaviour can be learnt by nestlings, my 

work presents an invaluable opportunity to collect ongoing longitudinal data 

about the development of predator avoidance (Hoppitt & Laland, 2013). There 

may be a critical period for predator learning, as there is for nut cracking 

behaviour in chimpanzees (Matsuzawa, 1994). Furthermore, it is not known 

whether jackdaws have an innate preparedness for certain sounds. As this may 

also have practical implications for this study species, this is something I hope 

to explore.  

Study System 

Jackdaws provide a fascinating and tractable study system with which to test 

hypotheses about social information use. Corvids are famed for their cognitive 

abilities, but of the common European corvids, jackdaws are the only species to 

nest in cavities. As a result, they take easily to nest boxes, allowing access to 

study chicks during their development. Jackdaws are also sociable and highly 

vocal suggesting there is communication and information use throughout the 

population. They have great vocal flexibility, with some calls known to be 

context-specific, e.g. scold calls are only directed at threats. Jackdaws also 

form very large winter roosts, where they exhibit collective behaviour, including 

pre-roost display behaviour and collective roost departures. These communal 

roosts present an opportunity to study collective behaviour in a species 

renowned for their strong cognitive abilities (Clayton & Emery, 2005) in contrast 

to the large body of work on animals with more basic cognitive abilities.  
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Furthermore, the Wild Cognition Research Group at the University of Exeter’s 

Penryn campus has an established study population, with nest boxes across 

three different sites. Many of the birds in this study population have been 

trapped as part of the ringing scheme – as such they are identifiable by colour 

ring combinations, and aspects of their life histories are collected as routine. 

These factors combined make these Jackdaw populations ideal for studies of 

collective behaviour and social learning in free living animals.  

Research Aims  

My study of social information use in wild jackdaws will be broken into two 

experiments. The first aims to determine whether the type of jackdaw 

vocalisation has an effect on the coordination of cohesive roost departures 

using a playback experiment. The second will use playbacks of novel predators 

in association with different types of jackdaw calls to assess whether nestlings 

can recognise novel threats through social learning.   
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Data chapter 1: Role of vocalisations in coordinating roost departures 

Abstract  

Some of most stunning examples of collective behaviour occur at avian roosts, 

however the mechanisms underlying collective roost departures are poorly 

understood – this is in part due to a lack of experimental manipulations of 

collective behaviour in wild animals. Jackdaw roosts can hold thousands of 

birds, leaving in cohesive groups after dawn. While jackdaws are very vocal in 

this period, it is unknown what role their vocalisations play in coordinating roost 

departures. In order to tests whether low frequency calls (<1000 Hz) act as 

‘primer’ signals, preparing groups to take off, I constructed playbacks of high 

and low frequency jackdaw calls, and a control playback using wave noise. I 

gave 28 playbacks at dawn at two roost sites, recording all roost departures, to 

calculate the time with greatest number of departing birds. GLMM analysis 

showed no effect of call frequency on time of roost departures, and no evidence 

for my hypothesis that low frequency calls prepare groups to leave. There was 

an effect of cloud cover, with birds leaving later on cloudier mornings, 

supporting previous findings in magpies and mourning doves. 

 

Introduction 

In gregarious species, widespread use of social information within groups can 

result in collective behaviours or movements. Some of the most stunning 

examples of collective movements occur during morning departures from avian 

roosts. Where roosts are large, this can result in thousands of individuals 

leaving collectively. This close coordination of movement is thought to aid in 

locating and defending resources, usually food (McWilliam ,1989, Richner & 
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Heeb, 1995). In roosting birds, the timing of departures is largely driven by 

sunrise and meteorological conditions (Pearce, 2012, Reebs, 1986) but 

conspecific cues may also be play an important role. 

Across taxa, vocalisations are thought to be involved in coordinating collective 

movements, for example by mediating collective decisions (McWilliam, 1989, 

Harcourt et al., 1993). In some species, consensus decisions appear to be 

reached once a ‘quorum’, or threshold, of calling is reached. For example, 

groups of meerkats begin to move once a quorum of three individuals calling is 

reached (Bousquet et al., 2011). In some species, more than one type of 

acoustically distinct vocalisation may be used in the coordination of group 

movements. For instance, observational studies of Canada geese and mute 

swans noted a build-up of calling before groups departed, but also suggested 

there might be a difference in the frequency of pre- and post-departure 

vocalisations, with low frequency vocalisations building up in amplitude until 

take-off, when high frequency contact calls would begin (Black, 1988, Raveling, 

1969).  This pattern of signalling is similar to the ‘primer’ and ‘releaser’ signals 

seen in relocating honey bee swarms (Seeley & Visscher, 2004, Visscher & 

Seeley, 2007). The primer signal (worker piping in honey bees) indicates the 

readiness of the signallers and instructs the rest of the group to prepare to 

move, while the releaser signal (buzz running in honey bees) triggers the 

collective departure.  It is possible that quorum decisions, or decisions mediated 

by low frequency primers and high frequency releaser signals, may be common 

throughout group-living birds. However, the literature in this area is limited. 

There are few studies of collective behaviour in wild animals, and no known 

manipulations of large scale collective behaviour in wild animals.  
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I aimed to explore the role of vocalisations on the coordination of collective 

behaviour, using jackdaws as a study system. Their communal roosts present 

an opportunity to study collective behaviour in corvids, renowned for their strong 

cognitive abilities (Clayton & Emery, 2005) in contrast to the large body of work 

on insects, fish, and other animals with more basic cognitive abilities.   

Jackdaws form large winter roosts – often containing several thousand birds – 

with predictable locations. As sunrise approaches, the vocalisations produced  

seem to become more frequent until the group departs, suggesting that roost 

departures are based on a level, or ‘quorum’ of calling within the roost.  Indeed, 

work by Pearce (2012), supports this – she showed the highest amplitude over 

the morning to be 5 minutes, on average, before the group departure. My 

preliminary observations at roost sites suggested that low frequency calls in 

particular were building in amplitude before departures, changing to high 

frequency contact calls at take-off – similar to the patterns of pre-departure calls 

observed in relocating flocks of Canada geese (Raveling, 1969). 

To test whether collective roost departures are ‘primed’ through these low 

frequency vocalisations, I experimentally manipulated the calls within the roost, 

to test whether increasing the rate of these calls could change the time of 

departure. I created experimental playbacks through extracting high or low 

frequency calls from natural roost vocalisations, and wave noise as a control. I 

gave playbacks at dawn, filming the roost departures to assess how the timing 

of departure is affected by the calls given. I also monitored environmental 

conditions to determine how meteorological variables might affect the timing of 

roost departures.  
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I predicted that low frequency playbacks would suggest a readiness to leave 

within the roost, resulting in the group leaving earlier than high frequency and 

control playbacks. 

Methods 

Experiments were conducted at two roost sites in West Cornwall: Stithians 

Woods, Goonlaze, and Trevince Estate, Gwennap (see maps in Appendix). 

Permission to work at these sites was kindly given by landowners Richard 

Stone and Alan Hobson.  

Audio Recording 

Wildlife Acoustics Song Meter SM3 recorders were attached to central trees in 

the roosts at a height of around 2-3m, using strong cable ties. These 

automated, omnidirectional devices contained two microphones, and recorded 

between 0530 and 0830 daily from 5/11/15 to 23/03/16.  In addition to providing 

material for playback construction for the work reported in this chapter, the 102 

natural recordings I collected over this period will permit future analyses of the 

natural progression of calling during roost periods.  

Playback Construction 

All playbacks were constructed using Audacity (version 2.1.0). The volume of all 

playbacks was normalised, with a peak amplitude of 1dB. Playback recordings 

were 2 minutes long in total, followed by 30 seconds silence to allow 

experimenters to end the playback before the track repeats (the default setting 

for the Foxpro Wildfire speakers used). All playbacks built up gradually from 

silence over 15 seconds, and faded out over 5 seconds at the end, see Figure 
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1.  

 

Figure 1a: Spectrogram of the high frequency playback for Gwennap roost.  

 

Figure 1b: Spectrogram of the low frequency playback for Gwennap roost. 

Playback tracks were created for two experimental categories: High and Low. 

High and low treatment playbacks for Gwennap and Stithians were constructed 

from natural roost recordings taken at the corresponding site. Playbacks were 

constructed from multiple days’ recordings, selecting the highest quality calls 

with the least disturbance from traffic or bad weather. Small natural gaps 

between calls were conserved, silences longer than 5s were removed. 

High playbacks used high quality jackdaw calls above 1000Hz, and all other 

sounds were removed using a High Pass Filter without affecting the quality of 

the high frequency calls. Low playbacks used high quality jackdaw calls below 

1000Hz. All other sounds were removed using a Low Pass Filter without 

affecting the quality of the low frequency calls.  

The control playback was constructed from natural, minimally altered wave 

noise recorded at Maenporth beach using Olympus LS-100 Linear PCM 

Portable Recorder and Sennheiser ME66 directional microphone.  
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Experimental Protocol 

Experiments were conducted by VB (N = 15 out of the total of 28 successful 

playbacks) and Jenny Coomes (13/28) between November 2015 and March 

2016. 17 observations took place at Gwennap (5 wave noise, 6 high treatments, 

6 low treatment), and 11 observations at Stithians (4 wave noise, 3 high 

treatments, 4 low treatment). After initial observations (without playbacks) were 

recorded, the order of experimental treatments at each site was randomised. 

Successive playbacks at each site were separated by a mean of 3.9±2.8days 

(SD), with a range of 1-10 days between playbacks.  

Playbacks were scheduled to begin at dawn, as early observations of the roost 

established that most departures occurred around 10 minutes after dawn / civil 

twilight.  Dawn times were obtained from www.ukweathercams.co.uk.  

Experimenters set up one Foxpro Wildfire remote controlled speaker 10 minutes 

before dawn, taking care not to disturb roost. Speakers were placed at the edge 

of the roost (less than 1 metre from the outermost trees), pointed towards 

centre of focal area.  Experimenters then retreated to a distance of over 50m, to 

get a clear view of the focal area without disturbing the roost. Additionally, 

experimenters avoided excessive or sudden movement or noise.  

Experiments were filmed using Panasonic HC-V180EB-K HD video camera. 

Experimenters provided a commentary during the recording, including the date, 

time at start of recording, initial estimate of cloud cover, treatment to be given, 

any predators seen or heard, and any other relevant details which may be 

difficult to obtain from video. The decision was made not to use a light meter to 

check initial light levels, as light levels changed dramatically over the 

observation period. 
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Filming was restricted to a designated focal area at Gwennap, where the roost 

is far too large to film in entirety. This focal area was approximately the same 

size as the roost at Stithians, and was chosen due to its accessibility and good 

visibility. This area is marked as ‘Holly Wood’ on the roost maps provided in the 

Appendix.  

Playbacks were conducted once at dawn at volume 20 (deemed to be equal in 

amplitude to roost vocalisations from a distance of 10m in woodland, through 

comparison with a Voltcraft SL-100 sound level meter) and the Foxpro speaker 

switched off afterwards. Filming finished once 5 minutes had passed without 

seeing a jackdaw leave the focal area.  After filming, weather conditions 

(temperature in Celsius, minimum and maximum wind speed in mph, and wind 

direction) were obtained from www.meteoblue.com. 

Video Transcription 

Experimental videos were transcribed using BORIS software (Friard & Gamba, 

2016), recording all   sightings of, or noises indicating the presence of, 

predators, and the minute with highest numbers of departing jackdaws. This 

was calculated by noting all instances when >10 birds departed simultaneously. 

Where there were more than once instance of >10 birds leaving within one 

playback trial, the numbers of birds departing in each instance was counted and 

compared to decide the minute with greatest numbers departing. This video 

time was then used to calculate the minute with most departures in real time 

and relative to dawn.  

Statistical Analyses 

Statistical analysis were run using R Studio/R v3.1.3 (RStudio Team, 2015) and 

packages lme4 to run models, car and MuMIn to test the fit of models and 



 

25 
 

ggplot2 to produce graphics. A GLMM (Poisson family) was used to explore the 

effect of playback treatment on the mode roost departure time, as the 

distribution of my data violated the assumptions of a Gaussian model. The time 

with the greatest number of departing birds (relative to dawn) was used as the 

response term. Departure time data was transformed (+ two minutes), as 

treating time as relative to dawn produced negative values in some instances. 

Fixed effects in original model were treatment given (Control, High treatment, or 

Low), presence/absence of predators, temperature, maximum wind speed, and 

the level of cloud cover. These additional terms were included as predators 

might flush birds from the roost, high winds may disrupt communication, low 

temperatures may make foraging more difficult, requiring closer coordination, 

and cloud cover might affect light levels. The date of observation (as days from 

start of experiment) and roost site were included as random effects. ‘lme4’ 

assumes that the residuals of models are normally distributed -  this assumption 

was met. 

Important factors were isolated through the stepwise removal of least significant 

terms, as determined by an ANOVA. However, AIC values and Akaike weights 

are also provided. Model reporting was based on Xu et al., (2010) and models 

presented in tables in the order in which terms were removed.  

Ethical note 

Birds used in this study were previously ringed under BTO license (C5746; 

C5752; C5983). All experimental procedures were approved by University of 

Exeter Biosciences Ethics committee. 
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Results 

The mean time with the greatest number of departures (relative to dawn) 

appeared relatively constant across three playback treatments and non-

playback observation sessions (Figure 2)  

GLMM analysis confirmed that there were no differences between experimental 

treatments (χ2=4.39, DF=2, p = 0.11). The best supported model contained only 

cloud cover (χ2=5.47, DF=1, p = 0.019; Model 1 in Table 1;), with departure 

times becoming later as cloud cover increases (Figure 3). There was also no 

effect of temperature on departure time (χ2=0.10, DF=1, p = 0.75).  

 

Figure 2: Boxplot showing time of roost departures (relative to dawn) for all 

treatments.  
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Figure 3: Scatter graph showing relationship between cloud cover and 

departure time, with line of best fit.  
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Model 

number 

Description Structure  LogLik AIC Akaike 

Weights 

1 Effect of cloud cover Cloud -81.5 171.0 0.43 

2 Additive effects of cloud 

cover and playback 

treatment. 

cloud+treatment -79.7 171.3 0.12 

3 Additive effects of cloud 

cover, playback 

treatment, and predation. 

cloud+treatment+predation -79.3 172.6 0.03 

4 Additive effects of cloud 

cover, playback 

treatment, predation and 

maximum wind speed. 

cloud+treatment+predation

+max.wind 

-79.1 174.1 0.01 

5 Original model: Additive 

effects of cloud cover, 

playback treatment, 

predation, temperature 

and max wind speed. 

cloud+treatment+predation

+max.wind+temp 

-79.0 176.0 0.00 

6 Null model Constant -84.1 174.3 0.43 

 

Table 1: Generalized Linear Mixed Models describing the effects of fixed terms 

on roost departure time. LogLik is the log likelihood of each model, AIC is the 

Akaike information criterion, a measure of model quality. Roost site and date 

were included as random terms. The best supported model is marked in bold. 
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Fixed Effect Estimate  Standard 

Error 

χ2 df p-value 

Intercept 2.2 0.2 - - <0.0001 

Cloud cover  0.006 0.003 5.5 1 0.02 

 

Random Effect Variance 

Date (as days since observations began) 0.04 

Site  0.0 

 

Table 2: Fixed and random effects from the most-supported model on roost 

departure time (Model 1, Table 1). 
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Discussion 

The field of collective behaviour has traditionally been dominated by theoretical 

research (Conradt, 2011, Petit & Bon, 2010), while work with natural systems, 

such as social insects, has been limited to observational studies (Deneubourg 

et al.,1990, Dussutour & Nicolis, 2013, Pratt et al., 2002, Seeley & Visscher, 

2004). While there has been considerable growth in the number of empirical 

studies in the last decade, many have focused on laboratory systems (Ioannou 

et al., 2011, Ward et al., 2008), and attempts to manipulate collective behaviour 

in the wild remain virtually unheard of. As a result, little is known about role of 

vocalisations in coordinating collective movements, such as roost departures. 

Accounts of Canada geese suggested that low frequency ‘primer’ and high 

frequency ‘releaser’ calls may be responsible for the coordination of cohesive 

group movement (Raveling, 1969), but this study was solely observational, with 

no quantitative acoustic analysis. I conducted the first field experiment to test 

whether an increase in low frequency calls can result in earlier roost departures. 

Contrary to my predictions, I found that the frequency of calls within the 

playback had no effect on the timing of roost departures. 

I found no effect of playback type on roost departure time, and therefore no 

support for my hypothesis that low frequency calls act to prime for departure in 

jackdaws. While it may be the case that group movements are not coordinated 

in this way in jackdaws, my results may also have been influenced by elements 

of experimental design.  For example, my playbacks may have been of 

insufficient amplitude or duration to suggest readiness within the group. 

Nevertheless, the greater variance in departure time in both the high and low 
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playback groups (Figure 2) suggests some disruption to normal roosting 

behaviour.  

Alternatively, my small sample size may have been inadequate for any trends to 

be apparent - indeed, I have included a large number of explanatory variables in 

my analysis, considering the limitations of my sample size. However, departure 

times were also constrained by sunrise time, and meteorological conditions 

most notably cloud, leaving a narrow window in which any effect of playbacks 

could have been detected. The size, shape, or density has the potential to 

influence the spread of social information through the two roosts. For example, 

it would be expected that information would take longer to spread from the 

middle to the edges of a long, narrow roost than a roost of equal area with a 

more rounded shape, and information might spread more quickly through a high 

density roost, especially if it became amplified by nearby individuals. While 

experiments on a large number of roosts with varying characteristics might find 

this, my models showed that the effect of site as a random effect was small in 

this case (see Table 2).  

I found a significant effect of cloud cover on departure time, with groups leaving 

later on cloudier mornings. This supports studies by Reebs (1986) and Doucette 

& Reebs (1994), who found that magpies (Pica pica) and mourning doves 

(Zenaida macroura) left roosts later when mornings were dark due to high cloud 

cover. Roost departure times were always close to sunrise (2 minutes before-27 

minutes after), suggesting that a given level of light is needed before birds 

choose to depart. High cloud cover may reduce light levels, preventing birds 

from leaving.  While Pearce (2012) found no significant effect of cloud cover on 

the departure time from jackdaw roost, this may be due to different size and 
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shape of Pearce’s roost at the Madingley study site. A larger or rounder roost 

might have fewer birds occupying positions at the edge of the roost. With birds 

at the edge most likely to make an accurate assessment of external conditions, 

roost size and shape might therefore influence accuracy of assessments of 

weather conditions from within the roost. Alternatively, any effect of cloud cover 

could have been masked by the cold, snowy weather during the study. 

I found no evidence that low frequency calls act as ‘primers’ to coordinate roost 

departures, and therefore no support for a taxa-wide pattern across birds. 

However, my negative result cannot confirm the absence of ‘primer-releaser’ 

calls in this context. Expanding on the work already done by Pearce (2012), I 

hope to analyse the 102 natural roost recordings I obtained during the course of 

my experiment. Detailed acoustic analysis of these recordings was beyond the 

scope of this Master’s thesis, but future work may allow me to determine any 

natural changes in call frequency or amplitude in the build up to departures. 

Pearce’s work (2012) found that the highest amplitude of calling was in the last 

five minutes preceding departures. This suggests that any acoustic quorum is 

likely to be an amplitude threshold, rather than a rate of calling, but the 

amplitude reached at these times was not specified.  

Similarly, I may also be able to further analyse the video data collected to 

quantitatively test whether collective departures are triggered by a quorum 

number of individuals leaving the roost. My original experimental design 

included a more thorough analysis of the video, recording the exact time of 

each bird’s departure to look more closely at the patterns of departure. 

However, due to the time constraints of my project, I was not able to look more 

closely at my videos.   
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Data chapter 2: Social Learning of novel predators 

Abstract 

Anecdotal observations suggest that jackdaw chicks are born naïve to threats, 

and learn to recognise predators through observing conspecifics. However, 

there are few experimental studies of social learning of predators in wild 

animals. I used experimental playbacks to test whether nestlings learn to 

recognise novel predators after receiving calls in association with adult jackdaw 

scolds. I found a change in chick behaviour after training, most notably reduced 

vigilance after training with contact calls, compared to both untrained and scold-

trained chicks. This result suggests the chicks had learnt to recognise the 

stimulus as unthreatening using contact cues, rather than using scold calls to 

recognise threatening stimuli as I had predicted.   

Introduction  

By observing conspecifics, animals can assess their surroundings and make 

informed choices without the personal costs of extensively sampling the 

environment (Evans et al., 2016, Heyes, 1994). This is particularly valuable 

when learning about novel threats, as individuals can hone adaptive responses 

without the dangers of direct interactions e.g. predation. In a stable environment 

one would expect selection for the innate recognition of predictable threats, but 

in more variable environments – such as the co-evolutionary arms races 

between brood parasites and their hosts -  social learning may be particularly 

adaptive (Boyd & Richerson, 1988, Feeney & Langmore, 2013).  

Mineka & Cook (1989) most famously demonstrated social learning of a novel 

threat in their classic experiments on captive monkeys.  They found that lab-

reared individuals had no fear of snakes, but developed a long lasting aversion 
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after being exposed to snakes alongside a distressed conspecific. While there is 

suggestive evidence that wild meerkat pups may learn in this way, through 

observing adult mobbing towards dangerous species (Graw & Manser, 2007), 

there are few experimental social learning studies in the wild. Indeed, most of 

these have focused on social learning of brood parasites rather than predators 

(Davies & Welbergen, 2009, Feeney & Langmore, 2013), or the applications of 

social learning about predators in captive breeding programs (Griffin, 2004).   

Social learning in altricial young has also received less attention still, although 

the ability to learn socially about threats may be particularly useful in altricial 

young, such as nestling chicks. Learning is particularly hard for nestlings:  

weak, immobile and restricted to the nest, direct experience with predators is 

highly likely to have fatal consequences.  

However, altricial nestlings may be able to benefit from “eavesdropping” on 

acoustic cues in their environment. Some species are known to “eavesdrop” on 

predator vocalisations, for example marmots react to these cues with increased 

vigilance and supressed foraging (Blumstein et al., 2008). Unpublished data 

suggests that jackdaws also respond defensively to the calls of predators 

(Woods, unpublished data), often with scold calls.  Given that altricial scrubwren 

nestlings are capable of responding appropriately to parental alarm calls without 

prior training (Platzen & Magrath, 2005), it is plausible that altricial jackdaw 

nestlings may able to learn to recognise ‘overheard’ predator calls heard in 

conjunction with defensive scold calls.  

Jackdaws chicks are believed to be naïve to threats – unlike meerkat pups or 

vervet monkeys who exhibit indiscriminate defensive behaviour (Cheney & 

Seyfarth, 1992, Graw & Manser, 2007), reports suggest that jackdaw chicks 
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show no response to potential predators.  Konrad Lorenz (1949) observed that 

fledged juveniles had no innate fear of cats, but instead learned to view them as 

dangerous after observing adult scolds towards them.  Further support comes 

from von Bruckhusen-Holzer & Windt (1987), who described that a single naïve, 

8-week old jackdaw did not respond to a presentation of a live cat. However, 

after the cat was presented in association with jackdaw mobbing calls, the 

jackdaw avoided the cat, suggesting a learned aversion response. 

In this study, I aimed to explore whether jackdaw nestlings learn to recognise 

novel predators through association with social cues. Jackdaws provide a good 

study system to test this hypothesis; in addition to anecdotal evidence of their 

social learning behaviours provided by Lorenz (1949), the contagious scolding 

behaviour of adults provides a clear opportunity for social learning, similar to 

that described in Cornell et al., (2012). Furthermore, they take to nest boxes, 

allowing experimental access to nests and collection of detailed behavioural 

data using nest-box video cameras.  

I used a playback experiment to expose nestlings to the calls of novel predators 

associated with conspecific scold calls (suggesting danger) or contact calls 

(suggesting all is well). I used calls from two predators, the pine marten (Martes 

martes) and the red kite (Milvus milvus). Both species are native to the UK, and 

are known to prey on jackdaws where their ranges overlap (Davis & Davis, 

1981, Johnsson, 1994). However, they have suffered severe population 

declines and have not bred successfully in Cornwall in at least 30 years (Evans 

& Pienkowski, 1991, Strachan & Jeffries, 1996), therefore I treated both species 

as novel.  
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Each nest received two training phases for each treatment (red kite and pine 

marten), with one predator accompanied by jackdaw scold calls and one with 

jackdaw contact calls as a control. Before and after the completed training, 

nests received social predator calls without the associated jackdaw call, and the 

behaviour of the untrained and trained chicks was recorded during these 

presentations.   

I predicted that if nestlings learned socially about predators, I would see a 

change in behaviour after training. Specifically, after receiving the scolding 

treatment, the chicks would show more vigilant behaviour, less begging, more 

preening (a potential displacement behaviour), more time at the back of box, 

and less time near the nest box entrance when exposed to predator calls.  In 

contrast, no such changes in nestling behaviour were expected following the 

contact call (control) treatment.  



 

37 
 

Methods 

Study system 

Experiments were conducted at established study sites at Tremough Campus, 

Penryn, Stithians Church and surrounding fields, and Pencoose farm, Stithians. 

At these sites, most adult birds using nest boxes were ringed and identifiable by 

a unique colour ring combination. 

The distance between Stithians and Pencoose farm was approximately 1.5km, 

and both Stithians and Pencoose were approximately 4.5km from Tremough 

Campus. The birds studied at these sites used nest boxes with removable 

rooves – these boxes were accessed at least two days before experiments 

began to fit nest box cameras (CMOS camera with in-built microphone) and a 

long cable accessible from ground level. This allowed me to record chick 

behaviour within nest boxes with minimal disturbance. 

The boxes used for experiments were evenly spread across sites; 8 of the 50 

boxes at Tremough, 8 of the 35 at Stithians church, and 8 of the 46 at 

Pencoose farm. The distances between nest boxes across all sites was variable 

– the minimum distance between experimental boxes was 9m, although many 

were over 50m from the nearest experimental box. This variation reflects the 

availability of naturally occurring cavities that jackdaws use for nesting.  

Experimental Design 

In a counterbalanced design, each experimental nest box received two 

treatments of 4 playbacks – as shown in Table 3. Playbacks 1 and 4 (Test 

playbacks) for each scheme will feature a novel predator alone while playbacks 

2 and 3 act as Training phases, where the novel predator is accompanied in 

one scheme by scold calls and by contact calls in the other.  Each of the two 
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scheme features a different predator, such that some boxes were exposed to 

red kites with scolding calls and pine martens with contact calls and other boxes 

heard red kites with contact calls and pine martens with scold calls 

 

Table 3: Schedule of playback treatments given to each box.   

Boxes were given alternating treatments each playback (e.g. contact 1 – scold 1 

– contact 2 – scold 2, etc.), and the initial treatment type (contact or scold call) 

was balanced and randomised across all experimental boxes.  

The combination of predators and jackdaw call types was balanced and 

randomised across the experimental boxes, except in the case of boxes in very 

close proximity (<20m apart), where birds may potentially overhear playbacks at 

neighbouring nest-boxes. It is possible that nests in close proximity to others 

were able to hear the playbacks given to their neighbours. However, ruling out 

using these boxes would have resulted in an unsatisfactorily low sample size. In 

such cases, (n=7), neighbouring boxes received the same playback 

combination type, to avoid nestlings being exposed to contradictory training 

schemes.  

Playback Contact Call Treatment Scolding Treatment 

1: Test (untrained) Predator 1  Predator 2 

2: Training Predator 1 + Contact  Predator 2 + Scold 

3: Training Predator 1 + Contact  Predator 2 + Scold 

4: Test (trained) Predator 1 Predator 2 
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The combination of predators and jackdaw call types given was also balanced 

across the three experimental sites; Tremough Campus, Stithians Church, and 

Pencoose farm.  

Playback Construction 

The predators used were the red kite and the European pine marten, both of 

which are native to the UK but locally extinct in Cornwall. The individuals within 

our experimental populations are therefore unlikely to have prior experience 

with these species, so I classified them both as novel predators.  

Predator calls used to construct playbacks were calls from wild, mature 

individuals in non-aggressive conspecific social interactions, and without human 

disturbance, to simulate eavesdropping on predator social interactions. The red 

kite call used was obtained from www.xeno-canto.org, an open access 

database of bird calls, and is most likely recorded from one individual. The pine 

marten call was used with kind permission from ‘The pine marten Diaries’, a 

nest box population video monitoring programme with links to the Vincent 

Wildlife Trust (www.vwt.org.uk).  As the video clip features two individuals 

‘greeting’ each other, it is possible that the audio clip contains both individuals. I 

removed any sections with potentially overlapping and used the video record to 

select calls produced by a single individual.  Although limited information was 

available about the recording equipment, the calls used were chosen for their 

clarity and absence of background noise.  

All playbacks were produced using Audacity 2.1.0. The amplitude of all calls 

used were normalised, giving each a peak amplitude of 1dB, and shortened to 

3.5 seconds long.  Playbacks 1 and 4 consisted of 3.5 seconds of the given 

predator call. The structure of the training phase playbacks (numbers 2 and 3) 
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was as follows:  

Scolding Treatment, see Figure 4a: (Predator - 1s silence - scold - 1s silence - 

scold - 1s silence - scold - 1s silence) x2 

Contact Call Treatment, see Figure 4b: (Predator - 1.3s silence - contact - 1.3s 

silence - contact - 1.3s silence - contact - 1.3s silence) x2  

 

Figure 4: Spectrograms of playbacks from box x01.  

(above, Figure 4a: scold calls (1-5s, 9-13s), pine marten (5-9s, 14-18s), below, 

Figure 4b: contact calls (1-5s, 9-13s), red kite, (5-9s, 14-18s). 

 

Contact calls are approximately 0.3s shorter than scold calls –altering the length 

of silence in the playbacks ensured that the same number of each type of call 

occurred in the same time period (around 15 seconds).  

This structure was chosen as it is possible that juvenile jackdaws may require 

‘priming’ for vigilance or attention by hearing scold calls initially, or it might be 

more realistic for them to hear predator nearby, and then be ‘scolded’ away by 

adult jackdaws. This structure accounts for both possibilities, allowing the 

juveniles to hear predator calls ‘sandwiched’ between scold calls. Additionally, 

by repeating both jackdaw and predator calls, the association between them is 

reinforced.  
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Jackdaw calls were recorded by members of the Wild Cognition Research 

Group using Olympus LS-100 Linear PCM Portable Recorder and Sennheiser 

ME66 directional microphone with windscreen cover, during nest checks or 

casual observations. Callers could be identified using their unique colour ring 

combinations.  

The jackdaw calls played at each experimental nest box were always from the 

same known individual. I attempted to use calls produced by parents of the 

focal chicks for all playbacks, but in some cases (n=10 out of 39 adults), 

parents never scolded during recording sessions. In these cases, calls from 

another adult from the same site were used.   

Each playback constructed used a novel combination of calls from the given 

individual to avoid pseudoreplication or habituation to particular calls. Where 

there were few calls available, individual calls would be repeated, but in a 

different combination. The amplitude of all the jackdaw calls used were 

normalised, giving each a peak amplitude of 1dB. 

Experimental Protocol 

Playback schemes began 20 days after the first chick in the focal box hatches, 

and aimed to finish before the oldest chick reached 30 days old. The minimum 

time between playbacks at a given box was 1 day.  

During experiments, care was taken to ensure time with parents absent was as 

low as possible. Experiments were conducted within a window of around 10 

minutes to minimise disturbance. On arrival at an experimental box, a portable 

digital video recorder (DVR) and power supply (battery pack containing 8 AA 

batteries) were connected to a nest-box camera within the box, and recording 

started. A Foxpro Wildfire remote controlled speaker was hung from a wire hook 
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on the tree, approximately 30cm away from the box, using a telescopic pole. 

Most boxes had a ‘decoy speaker’ hung from this hook during the breeding 

season to reduce parental neophobia and scolding towards speakers during 

experiments. This decoy was made from a large plastic bottle wrapped in 

foliage, and swapped for the Foxpro immediately before experiments began. 

For some boxes this was not necessary as the experimental equipment was 

accessed from inside farm buildings so was not visible to parents. 

Once all equipment was set up, I retreated to a distance of at least 10 metres, 

and turned to face away from the box, to avoid causing further disturbance to 

the box or parents. After waiting 4 minutes for the effect of any disturbance to 

subside, I started the playback, and the chicks were filmed for an additional 3 

minutes.  Playbacks were given at volume 12 of the Foxpro speakers, 

producing a realistic imitation of a live bird at a close distance, as determined by 

comparisons using a Voltcraft SL-100 sound level meter.  

12 of the 27 training schemes could not be completed within the ten-day 

window, and were terminated to avoid risking early fledging.  

Video Transcription 

BORIS software was used to assess the effect of a playback for all videos 

where the playback could be confirmed to have played successfully. A baseline 

period of 1 minute before the playback and a post-test period of 1 minute after 

the playback were transcribed, and all behaviours were calculated per chick to 

account for differing clutch sizes.  

Behaviours transcribed are listed and defined in Table 4: 

  



 

43 
 

Behaviour Point/state Definition 

Contact calls Point Contact calls from chicks 

Wing flaps Point Flaps or extends wings 

Front of box State Time spent in front 1/3 of box (nearest to 

entrance) 

Middle of box State Time spent in middle 1/3 of box 

Back of box State Time spend in back 1/3 of box (furthest from 

entrance) 

Bury head State Time with head spent in nest 

material/substrate 

Vigilance State Head up/looking around/out - but NOT begging 

Preening State Preening or cleaning self with beak or feet 

Begging State Of any kind: gaping/begging calls/legs 

extended 

Out of sight State Not visible to camera (out of frame or too 

blurry) 

 

Table 4: Behaviours transcribed from experimental videos. Point behaviours 

were counted; state behaviours were measured in seconds.  

Where a chick’s body occupied more than one ‘zone’, it was coded accorded to 

the position of its head.  In addition, the number of parental scolds heard during 

the first minute of the recording was transcribed – this was not calculated per 

chick. 

In some cases, videos were too blurry to be transcribed (due to dirt or 

condensation on the camera lens) but audio was clear enough to obtain rates of 
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chick calling. These 10 videos were removed from analyses, giving a sample 

size of 39.  

Statistical Analyses 

Statistical analysis were run using R Studio/R v3.1.3 (R Foundation, 2015) and 

packages lme4 to run models, lmerTest, MuMIn and car to test the fit of models 

and ggplot2 to produce graphics. I used Generalized Linear Mixed Models 

(GLMMs) with a Gaussian error distribution to explore the effect of social 

learning training on chick behaviour post playback. ‘lme4’ assumes that the 

residuals of models are normally distributed -  this assumption was met. 

GLMMs were run for 5 key response terms, based on a-priori predictions: 

vigilance, preening, begging, time at front, and time at back, all measured in 

seconds per chick – all as the difference between baseline (pre-playback) and 

post-playback behaviour, in seconds per chick. I considered these variables to 

be the best measure of social learning; a marked increase in vigilance would 

demonstrate recognition of a threat, preening may act as a displacement 

behaviour (van Iersel & Bol, 1958), suggesting increased stress in response to 

a perceived threat, while I expected chicks perceiving a threat to distance 

themselves from it as much as possible, moving to the back of the box. Time at 

front and time at back were treated as separate variables as the box was split 

into three ‘zones’. All response data were transformed (x10) to allow them to be 

handled as integers. All response variables were normally distributed, except for 

times spent at the front and the back of the box (as differences between 

baseline and post-playback), which had a zero-biased distribution, with left and 

right tails respectively.  
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For all response terms, the original model included as fixed effects: the 

experience level of the chicks (untrained, trained with scolds, or trained with 

contact calls), the predator calls given (pine marten or red kite), the age of the 

first chick to hatch, the rate of parental scolding during the first minute, and the 

order in which treatments were given. Chick age was included as a fixed term 

as the chicks may potentially be more responsive to any stimuli as they 

developed. Parental scolding was included as a fixed term as strong parental 

scolding may potentially cause a disturbance, increasing chick vigilance or 

distance from the front during the test period. Order of treatments was included 

as a fixed term, as by the second treatment to be given the chick may 

potentially have become either habituated or sensitized to the disturbance 

created. The level of the measured behaviour in the baseline period (the 60 

seconds before playbacks were given) was also included as a fixed effect. 

Clutch size was not included as an explanatory variable, as some clutches lost 

chicks over the experimental period. 

Important factors were isolated through the stepwise removal of least significant 

terms, as determined by an ANOVA. However, AIC values and Akaike weights 

are also provided. Model reporting was based on Xu et al., (2010) and models 

presented in tables in the order in which terms were removed.  

Ethical note 

Birds used in this study were previously ringed under BTO license (C5746; 

C5752; C5983). All experimental procedures were approved by University of 

Exeter Biosciences Ethics committee. 
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Results 

Vigilance  

The increase in vigilance from baseline to post-playback period was 2.2±2.1 

(SE) seconds per chicks when untrained (n=18), and 1.1±2.7 seconds per chick 

when trained with scold calls (n=11). Chicks trained with contact calls (n=10) 

showed a decrease in vigilant behaviour between baseline and post-playback 

periods of -8.3±3.4 seconds per chick, see Figure 5. 

This pattern is confirmed by the GLMM analysis (Table 5). The most supported 

model (Model 1, Table 5) includes an effect of chick experience (χ2=8.8, DF=2, 

p=0.01), with untrained chicks and chicks trained with scold calls showing 

greater vigilance after receiving predator playbacks than in the baseline period. 

Chicks which had received contact calls showed decreased vigilance in 

response to the playback (Figure 5). All other effects were removed from the 

model due to non-significance. A post-hoc two sample t-test confirmed a 

significant difference between the vigilant behaviour of naïve and contact call-

trained chicks (t=-2.65, df=16.08 p=0.02).  
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Figure 5: Boxplot showing change in vigilance in response to playbacks for 

each treatment. Asterisk denotes statistically significant difference (p<0.05).  

 

Model 

number 

Description Structure  LogLik AIC Akaike 

Weights 

1 Effect of experience experience -230.4 470.9 0.0 

2 Additive effects of 

experience, chick age and 

treatment order 

experience+since.hatching

+order 

-227.8 469.7 0.0 

3 Interaction between 

experience and predator 

type, additive effects of 

chick age and treatment 

order 

experience*pred+ 

since.hatching+order 

-227.4 470.7 0.7 
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Table 5: Generalized Linear Mixed Models describing the effects of fixed terms 

on post-test vigilance. LogLik is the log likelihood of each model, AIC is the 

Akaike information criterion, a measure of model quality. Nest box identity and 

base line vigilance were included as random terms. The most-supported model 

is marked in bold.  

  

4 Additive effects of 

experience and chick age. 

experience+since.hatching -229.3 470.6 0.0 

5 Additive effects of 

experience, predator type, 

chick age, parental scolding 

and treatment order 

experience+pred+ 

since.hatching 

+par.scolds +order 

-226.9 471.9 0.0 

6 Original model: Interaction 

between experience and 

predator type, additive 

effects of chick age, 

parental scolding and 

treatment order 

Experience*pred+ 

since.hatching+par.scolds+

order 

-225.3 472.5 0.3 

7 Null model Constant -234.7 475.4 0.0 
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Fixed Effect Estimate  SE χ2 df p-value 

Intercept 22.4 21.9 - - - 

Experience (Trained 

– Contact) 

-104.9 36.6 

8.8 2 0.01 
Experience (Trained 

– Scold) 

-11.9 35.5 

 

Random Effect Variance 

Box  14.5 

 

Table 6: Parameter estimates of the most-supported model on post-test 

vigilance. Significant estimates are marked in bold.  
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Preening   

Across all treatments, there was little change in preening behaviour from 

baseline to post-playback periods; 0.8±0.4 seconds (SE) per untrained chick 

(n=18), 0.2±0.7seconds per chick trained with contact calls (n=10), and 0.1±0.5 

seconds per chick trained with scold calls (n=11). 

The best supported model produced by the GLMM included an effect of chick 

age, (Model 1, Table 7; χ2=3.9, DF=1, p = 0.05), with increased preening in 

response to the playback appearing to decrease with age (Figure 6). All other 

fixed effects and interactions were removed from the model due to statistical 

non-significance.  

 

Figure 6: Scatter graph showing relationship between chick age and preening, 

with line of best fit.  
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Model 

number 

Description Structure  LogLik AIC Akaike 

Weights 

1 Effect of chick age since.hatching -165.7 339.3 0.0 

2 Null model Constant -167.6 341.2 0.0 

3 Additive effects of chick 

experience and chick 

age 

experience+since.hatching -163.4 338.7 0.7 

4 Additive effects of chick 

experience, chick age 

and treatment order 

experience+since.hatching

+order 

-161.6 337.1 0.0 

5 Additive effects of chick 

experience, chick age, 

parental scolding and 

treatment order 

experience+since.hatching

+par.scolds+order 

-161.3 338.6 0.0 

6 Additive effects of chick 

experience, predator 

type, chick age, 

parental scolding, and 

treatment order  

experience+pred+since.hat

ching+par.scolds+order 

-161.0 339.9 0.3 

7 Original model: 

Interaction between 

chick experience and 

predator call and 

additive effects of chick 

experience*pred 

+since.hatching+par.scolds 

+order  

-159.0 339.9 0.0 
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age, parental scolding 

and treatment order 

 

Table 7: Generalized Linear Mixed Models describing the effects of fixed terms 

on post-test preening. LogLik is the log likelihood of each model, AIC is the 

Akaike information criterion, a measure of model quality. Nest box identity and 

base line preening were included as random terms. The most-supported model 

is marked in bold. 

 

Fixed Effect Estimate  SE χ2 df p-value 

Intercept 41.9 19.3 - - - 

Chick age -1.5 0.8 3.9 1 0.05 

 

Random Effect Variance 

Box  285.1 

 

Table 8: Parameter estimates of the most-supported model on post-test 

preening. Significant estimates are marked in bold. 
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Begging 

Across all treatments, there was little change in begging behaviour from 

baseline to post-playback periods; -0.2±0.9 seconds (SE) per untrained chick 

(n=18), 0.0±0.0 seconds per chick trained with contact calls (n=10), and 0.0±0.8 

seconds per chick trained with scold calls (n=11). 

The best supported model (Model 1, Table 9) included an effect of treatment 

order (χ2=4.2, DF=1, p=0.04) with chicks exhibiting more begging behaviour 

after a playback of the first predator type they were exposed to, and less in 

response to the second predator type, regardless of whether they received 

scold or contact calls during training (Figure 7). The change in begging between 

baseline and post-playback was 0.8±0.5 seconds per chick for the first 

treatment, and -1.0±0.7 for the second. All other fixed effects and interactions 

were removed from the model due to statistical non-significance. 

Figure 7: Boxplot showing effect of treatment order on begging in response to 

playbacks. Column a shows the first treatment the chicks were given, column b 

the second treatment.  
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Model 

number 

Description Structure  LogLik AIC Akaike 

Weights 

1 Effect of treatment order order -183.0 373.9 0.0 

2 Additive effects of predator 

call type and treatment order. 

pred+order -181.9 373.9 0.0 

3 Additive effects of predator 

call type, parental scolding 

and treatment order. 

pred + par.scolds 

+order 

-181.9 375.7 0.0 

4 Null model Constant -185.0 376.1 0.0 

5 Additive effects of predator 

call type, chick age, parental 

scolding and treatment order. 

pred + 

since.hatching + 

par.scolds + order 

-181.8 377.7 0.0 

6 Additive effects of chick 

experience, predator call type, 

chick age, parental scolding 

and treatment order. 

experience + pred 

+ since.hatching + 

par.scolds +order 

-181.6 381.2 0.0 

7 Original model: Interaction 

effect between chick 

experience and predator call 

type, and additive effects of 

chick age, parental scolding, 

and treatment order. 

experience* pred + 

since.hatching + 

par.scolds +order 

-180.5 383.1 1.0 
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Table 9: Generalized Linear Mixed Models describing the effects of fixed terms 

on begging behaviour post-test. LogLik is the log likelihood of each model, AIC 

is the Akaike information criterion, a measure of model quality. Nest box identity 

and base line time at the front of box were included as random terms. The 

most-supported model is marked in bold. 

Fixed Effect Estimate  Standard 

Error 

χ2 df p-value 

Intercept 7.6 5.9 - - - 

Treatment order -17.7 8.7 4.2 1 0.04 

 

Random Effect Variance 

Box 733.4 

 

Table 10: Parameter estimates of the most-supported model on post-test 

begging. Significant estimates are marked in bold. 
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Time at front of box 

The difference in time spent at the front of the box from baseline to post-

playback period was 0.2±1.3 (SE) seconds per chicks when trained with contact 

calls (n=10), and 0.0±0.0 seconds per chick when trained with scold calls 

(n=11). Untrained chicks (n=18) appeared to spend less time at the front 

between baseline and post-playback periods, -1.3±1.7 seconds per chick. 

However, GLMM analysis does not support this pattern, and the best supported 

model (Model 1, Table 11) was the null model (χ2=9.0, DF=2, p=0.54). All other 

effects were removed from the model due to statistical non-significance. 

 

Model 

number 

Description Structure  LogLik AIC Akaike 

Weights 

1 Null model Constant -209.3 424.5 0.0 

2 Effect of parental scolding par.scolds -208.0 424.1 0.0 

3 Additive effects of chick age 

and parental scolding 

since.hatching+par.sco

lds 

-207.5 425.0 0.0 

4 Additive effects of chick age, 

parental scolding and 

treatment order 

since.hatching+par.sco

lds+order 

-207.0 426.0 0.0 

5 Additive effects of predator 

call, chick age, parental 

scolding and treatment order 

pred+since.hatching+p

ar.scolds+order 

-206.7 427.4 0.0 

6 Additive effects of chick 

experience, predator call, 

experience+pred+ 

since.hatching+par.sco

-206.1 430.2 0.0 
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chick age and treatment 

order 

lds+order 

7 Original model: Interaction 

effect of chick experience and 

predator call and additive 

effects of chick age, parental 

scolding and treatment order 

experience*pred 

+since.hatching+par.sc

olds+order 

-204.7 431.5 1.0 

 

Table 11: Generalized Linear Mixed Models describing the effects of fixed 

terms on time spent at the front of box post-test. LogLik is the log likelihood of 

each model, AIC is the Akaike information criterion, a measure of model quality. 

Nest box identity and base line time at the front of box were included as random 

terms. The most-supported model is marked in bold. 

 

Random Effect Variance 

Box 9.3 

Table 12: Random effect estimates from of the most-supported (null) model on 

post-test time at front.   
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Time at back of box 

The time spent at the back of the box increased from baseline to post-playback 

period by 1.1±3.4 (SE) seconds per untrained chick (n=10), and 1.0±1.9 

seconds per chick when trained with scold calls (n=11). Chicks trained with 

contact calls (n=18) appeared not to spend more time at the back between 

baseline and post-playback periods, with a change of 0.0±0.0 seconds per 

chick. 

However, GLMM analysis does not support this pattern, and the best supported 

model was the null model (Model 1, Table 13; χ2=0.11, DF=2, p =037). All other 

fixed effects and interactions were removed from the model due to statistical 

non-significance. 

 

Model 

number 

Description Structure  LogLik AIC Akaike 

Weights 

1 Null model Constant -221.4 448.9 0.0 

2 Effect of parental 

scolding 

par.scolds -220.4 448.9 0.0 

3 Additive effects of 

parental scolding and 

treatment order 

par.scolds+order -220.0 450.0 0.0 

4 Additive effects of 

predator call, parental 

scolding and treatment 

order 

pred+par.scolds+order -219.9 451.8 0.0 
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5 Additive effects of 

predator call, chick age, 

parental scolding and 

treatment order 

pred+since.hatching 

+par.scolds+order 

-219.8 453.7 0.0 

6 Additive effects of chick 

experience, predator 

call, chick age, parental 

scolding and treatment 

order 

experience+pred 

+since.hatching 

+par.scolds+order 

-219.6 457.3 0.0 

7 Original model: 

Interaction effect of 

chick experience and 

predator call and 

additive effects of chick 

age, parental scolding 

and treatment order 

experience*pred 

+since.hatching 

+par.scolds+order 

-218.4 458.9 1.0 

 

Table 13: Generalized Linear Mixed Models describing the effects of fixed 

terms on time spent at the back of box post-test. LogLik is the log likelihood of 

each model, AIC is the Akaike information criterion, a measure of model quality. 

Nest box identity and base line time at the back of box were included as random 

terms. The most-supported model is marked in bold. 
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Random Effect Variance 

Box 9457 

 

Table 14: Random effect estimates from the most-supported (null) model on 

post-test time at back.  
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Discussion 

Although identifying threats through other’s cues has clear benefits, thus far, 

studies of social learning of anti-predator behaviour in wild have been 

predominately focused on conservation (Griffin, 2004). In particular, the learning 

capabilities of altricial young had received no attention. Here I show measurable 

differences in the behaviours of untrained chicks, chicks trained with scold calls, 

and chicks trained with contact calls, suggesting association of predator and 

conspecific calls results in social learning of predator responses.  

Model selection using stepwise removal of terms indicated an effect of chick 

experience on the difference in vigilance between baseline and post-playback 

periods. Chicks which had received the scold call treatment showed a slight 

increase in vigilance (+1.1 seconds) after the playback, similar to that of 

untrained chicks (+2.2 seconds), while chicks trained with contact calls showed 

a reduction in vigilance (-8.3 seconds) after receiving the predator call. This 

effect of experience suggests that the chicks were learning from the social cues 

they received, albeit in a different way than predicted. Based on observations by 

Lorenz (1949) and von Bruckhusen-Holzer (1987), I had assumed that naïve 

juvenile jackdaws showed little defensive behaviour, and relied on scold calls to 

recognise potential predators. However, my results suggest that jackdaw 

nestlings exhibit vigilance towards novel stimuli, and reduced defensive 

behaviour after receiving contact calls, or became habituated in the absence of 

scold calls. This is similar to the indiscriminate defensive behaviour shown by 

meerkat pups (Graw & Manser, 2007) and young vervet monkeys (Cheney & 

Seyfarth, 1992). 
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I found no statistically significant effect of predator type on any of my response 

variables, despite the stark differences in frequency between the two calls. As 

both red kites and pine martens have been sympatric predators on jackdaws 

until very recently, I would not expect there to be any difference in 

‘preparedness’ between the two stimuli.  

I found no statistically significant effect of experience on changes in preening 

behaviour, but the increase in preening associated with receiving playbacks 

seemed to decrease as chicks became older. As preening is sometimes 

considered a displacement behaviour in birds (van Iersel & Bol, 1958), this may 

be due to increased resilience to stress with age, or perhaps habituation 

towards a stimulus already experienced.  

I found no statistically significant effect of experience on changes in begging, 

but there was a significant effect of treatment order. Chicks appeared to 

increase time spent begging 0.8 seconds after a playback of the first predator 

type they were exposed to, and decrease in response to the second type by 1.0 

second, regardless of their current level of experience. However, as begging is 

likely to be linked with chick age, this result could have been confounded by 

chick age.   

Changes in chick position within the box were not significantly affected by the 

playback given. This was unexpected; changes in vigilance suggest that the 

chicks learned to differentiate between the two stimuli, yet they appear not to 

have moved away from the nest entrance. This finding may be due in part to my 

small sample size, or confounded by changes in mobility with chick age.  

The change in vigilance between untrained and trained chicks suggests that the 

chicks have learned to recognise the risk associated with novel predators based 
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on the social cues given to them, the first time this has demonstrated using 

experimental manipulations of wild populations. While this particular example – 

learning to ignore a dangerous predator – may be maladaptive, the ability to 

learn in this way can help organisms cope with a changing environment. This is 

particularly valuable as the effect of human activity on the environment 

continues to grow; it may enable prey species to recognise novel predators 

when ranges are affected by human (re)introductions or climate change 

(Roemer 2002). Indeed, the resilience and flexibility social learning affords may 

have helped the jackdaw - and corvids in general - establish their considerable 

geographical ranges, and persist through urbanisation (Greggor et al., 2016a, 

Marzluff & Neatherlin, 2006).  

  



 

64 
 

Discussion 

Social information use by animals is receiving growing attention (Evans et al., 

2016, Giraldeau et al., 2002, King & Cowlishaw, 2007), however experimental 

manipulation of wild animal behaviour is still comparatively rare in this field. This 

lack of experimental work has held back our understanding of how social 

learning and collective behaviour might occur in natural contexts.  As highly 

vocal, sociable corvids, jackdaws provided an excellent opportunity to study 

these behaviours in the wild. Furthermore, their acceptance of nest boxes has 

enabled me to explore social learning in nestlings, studying their recognition of 

novel predators for the first time.  

Collective behaviour 

I found no significant effect of playback type on roost departure time, with no 

support for my hypothesis that low frequency calls are used to ‘prime’ the group 

for departure in jackdaw roosts. While it is possible that these kind of ‘primer-

releaser’ signals are not used in jackdaw roosts, my negative result may also be 

due to the constraints of my sample size, experimental design, or the limited 

time window available to birds departing. In particular, this time window may be 

reduced under certain meteorological conditions.   

Cloud cover was found to be an important factor in the timing of roost 

departures, with groups departing later when cloud cover was higher. While 

Pearce (2012) found no significant effect of cloud cover on morning departures, 

my result supports previous findings by Heebs (1986) and Doucette & Heebs 

(1994), who found that black-billed magpies and mourning doves left roosts 

later on cloudier days.  This may be due to reduced light levels on these 

mornings; the close relationship between sunrise time and departure time 
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suggests that a certain level of light is required before groups leave the roost 

(Coombs, 1978, Pearce, 2012). While the importance of light and cloud is clear, 

it is not known whether individuals use personal or social information to assess 

such cues.  

The study of collective behaviour in vertebrates often reveals a tension between 

the ‘mindless’ simple rules often used to explain collective behaviour and the 

sophisticated social cognition known to exist in the species studied. For 

example, while I have assumed that collective decision making in jackdaws has 

been based purely on simple behavioural thresholds such as rates or 

amplitudes of calling, it may be possible that social affiliations play a role in 

coordinating roost departures. This is certainly the case in Canada geese, 

where collective departures will be delayed by individuals if their mates are not 

ready (Raveling, 1969). Since Canada geese form long term monogamous 

pairs like jackdaws (Akesson & Raveling, 1982, Henderson, 2000), it seems 

plausible that this behaviour may also occur in jackdaws.   Furthermore, 

jackdaws are known to have a strict dominance hierarchy (Verhulst & 

Salomons, 2004). It is therefore possible that the vocalisations of more 

dominant individuals may have more weight in group decision making in 

jackdaws, although this was not found to be the case in meerkat groups, where 

the skew of dominance is far stronger (Bousquet et al., 2011).  

Future directions 

My next step is to analyse the 102 natural acoustic recordings I collected during 

my initial roost observations. Pearce (2012) showed that the amplitude of calling 

was highest in the final 5 minutes before roost departure, suggesting that 

collective decisions may have been based on a quorum, or threshold number, 
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of birds. I hope to quantify the size of any quorum, either as a rate or amplitude 

of calling, and also plan to identify how call frequencies change in the build up 

to roost departures. While of scientific interest, this information could also help 

improve the design of future playback experiments. 

Social learning 

The results of my social learning experiment suggests that nestling jackdaw 

chicks can learn to recognise novel predators using conspecific vocal cues.  

Most notably, training with contact calls reduced chick vigilance – while 

untrained chicks and chicks trained with scold calls showed a similar increase in 

vigilance. This suggests the chicks had used social cues to identify non-

threatening cues, while treating the novel stimuli as just as dangerous as the 

scold-trained stimuli.  

My results support observations from meerkats pups and young vervet 

monkeys (Cheney & Seyfarth, 1992, Graw & Manser, 2007). These species 

often display indiscriminate defence towards previously unencountered species, 

and this cautious approach seems adaptive in inexperienced individuals. 

Indeed, given that jackdaws are typically highly neophobic (Greggor et al., 

2016a, Greggor et al., 2016b), the indication that jackdaw nestlings seem to 

react with neophobia to new species should not be surprising.  

However, my findings contrast with anecdotal evidence from Lorenz (1949) and 

von Bruckhusen-Holzer (1987), describing naïve juvenile jackdaws showing no 

response to cats, requiring exposure in association with scold calls to learn that 

this stimulus was threatening.  It is possible that this difference is due to stage 

in development – in these studies, Lorenz (1949) and von Bruckhusen-Holzer 

(1987) observed fledged juveniles rather than nestlings.  
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An alternative explanation is that my results suggest an element of 

‘preparedness’ towards pine martens and red kites, resulting in vigilant 

behaviour in naïve individuals. I found no significant differences in chick 

behaviour between those trained with pine marten and red kite calls. As both of 

these species are likely to have presented a considerable threat in jackdaws’ 

evolutionary history (Davis & Davis, 1981, Evans & Pienkowski, 1991, Strachan 

et al., 1996), jackdaws may have developed a ‘preparedness’, or evolved 

template, towards these - or similar – species (Griffin et al., 2000), whereas cats 

have been more recently introduced into the jackdaws’ range.  

Future directions  

To distinguish whether nestling jackdaws learn to reduce vigilance in response 

to a stimulus associated with contact calls, or simply become habituated in the 

absence of scold calls, it will be important to repeat the social learning 

experiment with a treatment that features predator calls only. This would allow 

me to identify what, if any, effects resulted from the use of contact calls in my 

playbacks. This treatment was not included in my original experimental design, 

as I anticipated that there would be no initial response to predators until trained 

with scold calls. Instead, I expected that the contact call treatment would be a 

control treatment without any significant impact on nestling behaviour.    

Furthermore, further experiments could clarify whether the social learning 

implied by my results was specific to predator sounds, or whether naïve 

jackdaw chicks could learn to respond to any novel cue in this way, and to what 

extent (see Curio et al., 1978). Repeating this experiment using a range of 

predatory and non-predatory animals might demonstrate any ‘preparedness’ 

towards threatening species. Work by Woods (unpublished data) suggests 
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there is higher recruitment of adult jackdaws to defensive behaviour in response 

to the calls of predatory species, regardless of whether the predatory species 

were allopatric or sympatric. 

Repeating this experiment using anthropogenic noise might also be valuable, as 

there have been casual observations at our study sites that both jackdaw chicks 

and adults learn to identify the metallic sounds of a ladder being put up (McIvor, 

pers. comm.). Both demonstrated a defensive response, with chicks moving 

towards the back of the box, and adults scolding the ladder, but this has never 

been tested experimentally. Repeating my social learning experiment using a 

range of different stimuli might reveal any ‘preparedness’ towards predator 

noises, or conversely the flexibility of learning in corvids.  

Another assumption I have made in my approach to this experiment is that 

associations made as a nestling have sufficient longevity to support predator 

recognition after fledging. My two training treatments were shown to last a 

minimum of two days, the length of time between the final training phase and 

testing. However, Mineka & Cook’s (1993) two treatments were effective in 

causing aversion towards snakes for three months in rhesus monkeys.  If this 

were the case in jackdaw chicks, they would retain their conditioning far beyond 

fledging. It may be possible to re-test fledged birds over time, to explore how 

long effects of two training experiences lasts. Juveniles could be identified using 

colour rings, trapped, and exposed to either the pine marten or red kite calls in a 

small aviary. It may be possible to determine whether they are still conditioned 

by measuring vigilance and aversive behaviour after this playback.  

Summary 

As experimental manipulations of wild animal behaviour are rare, my work is a 
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valuable addition to the study of social information use in wild animals.  I found 

no evidence that low frequency calls acted as ‘primers’ for collective roost 

departures – as seen in Canada geese (Raveling 1969) – and no evidence that 

this behaviour is common across avian taxa. While this may be the case, my 

results may also be due to the constraints of my experimental design, and I 

hope that analysing the natural recordings will illuminate the collective decision 

making processes used in jackdaw roosts.  I have demonstrated social learning 

of novel predators in wild nestlings for the first time, using acoustic stimuli only. 

In contrast to my predictions that untrained chicks would show little vigilance 

until trained using scold calls, I found similar vigilant responses in untrained and 

scold called chicks. Chicks trained using contact calls seemed to reduce their 

vigilance in response to the playback, suggesting they had learnt that the 

stimulus was not threatening, in contrast to anecdotal reports by Lorenz (1949) 

and von Bruckhusen-Holzer (1987). While these anecdotes may be 

misrepresentative of social learning in jackdaws, it is also possible that they 

demonstrate a lack of ‘preparedness’ towards cats.   
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Appendix: Maps of roost sites 

Above: The wooded area shows the roost site at Goonlaze, Stithians.  

Below: The roost site at the Trevince estate, Gwennap. Roosting birds were 

present throughout all wooded areas, the focal area is marked as ‘Holly Wood’.  

Both maps were taken from ordnancesurvey.co.uk.  
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