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SUMMARY  

Social dominance is often determined through contest competition (physical combat). There 

are many factors that can influence the outcome of a contest, however very little is known 

about how prior contest experience can result in winner-loser effects. An individual’s 

dominance status can have profound effects on its fitness and behaviour but the effects of 

dominance on the ability to learn from others remain poorly understood. I use male Eastern 

Water skinks (Eulamprus quoyii) to understand 1) how prior contest experience influences 

contest outcome and test whether this depended on assessment stage and 2) the role 

dominance plays on social information use. I begin by exploring how contest experience 

influences behavioural traits under different levels of escalation. I show that prior winners 

were more likely to initiate contests and by doing so, initiators were much more likely to win 

in non-escalated contests. I then tested the effects of an observer’s dominance status of social 

information use in two association tasks. Contrary to my predictions, social dominance did not 

drive differences in social information use. Interestingly, lizards that viewed a demonstrator 

did not learn faster than the control group. My results, in light of a previous study on this 

species, seem to suggest that individuals may ignore social information from a demonstrator 

that may be similar in age or size. To the best of my knowledge, this study is the first to 

explore the effects on prior contest experience on behaviours in a context-dependent manner 

and to examine the effects of the outcome of these contests (i.e. dominance status) on social 

learning in a lizard. 
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INTRODUCTION 

Contest competition, in which individuals of the same sex physically compete in aggressive 

interactions, is incredibly widespread. Contests play an important role in determining social 

dominance, where winners of fights tend to consistently dominate over losers for priority of 

access to limited resources (Drews, 1993). Contest competition is a strong selective force 

because winning fights leads to priority access to limited resources (Andersson, 1994). Thus, 

selection favours the evolution of physical traits such as large body size (Tokarz, 1985), 

weaponry (Emlen, 2008) and performance capacities (Briffa & Sneddon, 2007) that are 

advantageous for winning fights. However, evidence also shows prior contest experience 

playing an even more crucial role in determining the outcome of contests (Hsu, Earley, & 

Wolf, 2006; Stuart-Fox & Johnston, 2005; Zucker & Murray, 1996). Some studies have shown 

that experience can ‘override’ the effect of morphological traits. For example, in tree lizards 

(Urosaura oranatus), individuals that have won a previous contest are more likely to win 

against an opponent that is heavier (Zucker & Murray, 1996).  

An animal’s previous contest history can influence its future probability of winning. 

Generally, an animal that loses a contest is more likely to lose his next bout, while a winner is 

more likely to continue winning (winner-loser effects). Despite the prevalence of winner-loser 

effects, how exactly contest experience influences contest outcome is not entirely clear. Prior 

contest experience has been postulated to affect contestants’ fighting behaviour by altering an 

individual’s perception of its own fighting ability (Hsu et al., 2006). Changes to behaviour 

after winning or losing a fight can subsequently influence the outcome of future contests. 

Despite this common view, prior contest experience is often considered as the direct cause for 

winner–loser effects and behavioural mechanisms that influence contest outcome are rarely 

discussed (Garcia, Murphree, Wilson, & Earley, 2014; Garcia et al., 2012; Hsu & Wolf, 

2001). Moreover, the adaptive function of winner loser effects remains poorly understood. It 

has been suggested that prior contest experience may be used as a cue to optimise decisions 

about whether to engage in a fight or not (Rutte, Taborsky, & Brinkhof, 2006). The ‘social-

cue’ hypothesis states that animals can detect whether an opponent has lost or won previously 

by signs of fatigue, chemical cues or by eavesdropping (Rutte et al., 2006; Valone, 2007). 

Thus, individuals can avoid engaging in costly fights by assessing their probability of winning. 

Multiple species have been shown to social cues in a competitive context. In Siamese fighting 
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fish (Betta splendens), an individual that viewed a contest between two opponents is more 

wary to approach the winner (Oliveira, McGregor, & Latruffe, 1998). Snapping shrimps 

(Alpheus heterochae) can recognise prior contest experience by the odour cues emitted by an 

opponent (Obermeier & Schmitz, 2003). As a consequence, prior losers are less likely to 

engage with winners, but would readily engage with an individual that has had no recent prior 

contest experience (Obermeier & Schmitz, 2003). Understanding the mechanisms of contest 

experience on contest outcome is crucial because theoretical analyses have shown that winner-

loser effects play an important role in the formation of dominance hierarchies (Dugatkin & 

Druen, 2004; Dugatkin & Earley, 2003, 2004). Additionally, an individual’s status within 

these hierarchies can have important fitness consequences (Ellis, 1995).  

 Different selective pressures on dominant and subordinate individuals can drive 

variation in fitness, physiology and behaviour. Generally, dominant individuals are more able 

to monopolise resources and tend to have a much higher reproductive success, however a high 

social status does not come without its costs (Côté & Festa-Bianchet, 2001; Cowlishaw & 

Dunbar, 1991; von Holst et al., 2002). For example, López and Martín (2002) found that 

dominant Iberian rock lizards (Lacerta monticola) had significantly larger heads compared to 

subordinates and thus were more successful in contests. However this was at the expense of 

the ability to escape from predators, dominant males suffered from decreased escape speeds 

due to asymmetries in limb length (López & Martín, 2002). Another study found that high-

ranking savannah baboons (Papio cynocephalus) have higher reproductive fitness but 

experience greater amounts of stress compared to low-ranking individuals (Gesquiere et al., 

2011). This maybe due to high levels of aggressive interactions and mate guarding activities. 

Since subordinate individuals live within the constraints of dominant individuals, selection 

should favour traits to compensate such costs. For example, subordinate mountain chickadees 

(Poecile gambeli) tend to be more exploratory and neophillic compared to dominant 

individuals. This could perhaps be a behavioural strategy to deal with being excluded from 

resources (Fox, Ladage, Roth, & Pravosudov, 2009). Western scrub jays (Aphelocoma 

californica) recovered cached food more often when being watched by a dominant individual, 

possibly an adaptation to reduce pilfering (Dally, Emery, & Clayton, 2005).  

The effects of dominance on learning abilities have received considerably less 

attention. The ‘cognitive disadvantage hypothesis’ posits that individuals of different social 



 8 

status have intrinsically different cognitive abilities, such that advanced cognitive abilities 

translates to social superiority (Drea & Wallen, 1999). This hypothesis predicts that 

subordinate individuals have poor cognitive abilities regardless of the presence of higher status 

individuals (Drea & Wallen, 1999). In support of this hypothesis, studies have indeed found 

that dominant individuals perform better than subordinate individuals in a variety of individual 

learning tasks (Barnard & Luo, 2002; Boogert, Reader, & Laland, 2006; Fitchett, Collins, 

Barnard, & Cassaday, 2005). However the effects of social dominance on social learning are 

more complex and the ‘cognitive disadvantage’ hypothesis does not seem to apply. 

Furthermore, it may be difficult to make substantial conclusions about the role of dominance 

because dominance is often confounded with age and sex (Drea & Wallen, 1999; Nicol & 

Pope, 1999).  

Learning from the behaviour and interactions of conspecifics (social learning) is 

considered adaptive, because individuals can avoid trial and error learning (Rieucau & 

Giraldeau, 2011). Social dynamics such as dominance-subordinate relationships can influence 

the likelihood of learning from others (Coussi-Korbel & Fragaszy, 1995). However, there is 

currently no consensus on whether dominant or subordinate individuals are more likely to use 

social information (Aplin, Sheldon, & Morand-Ferron, 2013; Stahl, Tolsma, Loonen, & Drent, 

2001). Dominant individuals may watch other conspecifics for opportunities to scrounge from 

(Stahl et al., 2001). In contrast, subordinate individuals may exploit information to maximise 

foraging opportunities and alleviate the costs of living as a subordinate individual. 

Distinguishing the drivers of social learning is essential to understanding the cultural 

transmission and the development of traditions in a population (Heye, 1993; Heyes & Galef Jr, 

1996; Laland, 2004; Rendell et al., 2011).  

My thesis explores two main questions using Eastern Water Skinks (Eulamprus quoyii) 

as a model system: 1) how does contest experience and behaviour influence contest outcome 

and 2) how does an individual’s dominance status influence its ability to learn from others? 

Eulamprus quoyii is a territorial species and occurs in relatively high densities in the wild. As 

a result, males often encounter each other and engage in fights and it has been shown that they 

are capable of forming dominance hierarchies (Done & Heatwole, 1977). Eulamprus quoyii 

have also been shown to perform well on a multitude of cognitive tasks and a previous study 

has also shown that young lizards are capable of using social information to learn an 
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association task within a novel foraging paradigm (Noble, Byrne, & Whiting, 2014). This 

species responds well in captivity, making it a suitable system to address questions about 

contest competition and the effects of social dominance on behaviour and learning. My thesis 

is structured into two chapters and below I provide brief summaries of each. 

Chapter 1:  Context dependent effects of prior contest experience on contest outcome in water 

skinks 

Winner-loser effects have been documented in a wide range of species, however it is poorly 

understood in reptiles. Contest experience is often assumed to have a direct effect on contest 

outcome and behavioural mechanisms are usually not considered. For this chapter, I examined 

the effects of prior contest experience on two key contest behaviours during different 

assessment stages. I used a tournament design, where lizards competed with multiple 

contestants, and explored how prior contest experience influenced the propensity to initiate 

contests and how prior experience effects vary depending on the assessment stage of a given 

contest. My supervisors, Daniel Noble and Martin Whiting are co-authors on this manuscript 

(my contributions to experimental design: 70%; data collection: 80%; data analysis: 100%; 

writing: 95%). 

Chapter 2:  Dominance relationships and social information use in a lizard 

Social learning has previously been thought to be limited to group-living species (Lefebvre, 

2010) . However, recently the use of social information to solve novel tasks has been reported 

in several reptilian species (Davis & Burghardt, 2011; Kis, Huber, & Wilkinson, 2014; 

Wilkinson, Kuenstner, Mueller, & Huber, 2010). Nonetheless, there is very little knowledge 

on the drivers of social information use is reptiles. There is evidence to suggest that social 

learning is dependent on age in E. quoyii (Noble et al., 2014). However lizards exhibit 

indeterminate growth, therefore age and dominance are tightly correlated, making it difficult 

to disassociate these effects (Halliday & Verrell, 1988). For this chapter, I attempt to account 

for age of lizards and using contest data from Chapter 1, test the effects of a lizard’s 

dominance status (relative to a demonstrator) on social learning. My supervisors, Daniel Noble 

and Martin Whiting are co-authors on this manuscript (my contributions to experimental 

design: 70%; data collection: 80%; data analysis: 100%; writing: 95%).
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ABSTRACT  

An individual’s recent contest history can have a significant effect on their probability of 

winning a future contest. These winner-loser effects are likely to be mediated by the level of 

escalation in a contest, although this is rarely considered in the contest literature. We staged 

contests between size-matched male water skinks (Eulamprus quoyii) in a tournament design 

to investigate whether prior contest experience influenced contest outcome. For each contest 

we noted the initiator, any aggressive behaviours, and the level of escalation.  Contest 

initiation was the best predictor of contest outcome across all contests and this was influenced 

by an individual’s contest history. Prior winners were more likely to initiate subsequent 

aggressive encounters and by doing so, initiators had an 88% probability of winning in non-

escalated contests. In contrast, initiators had only 33-55% probability of winning in escalated 

contests. These results suggest that the strength of the effect of prior contest experience on 

behavioral traits varies across contest stages and is consistent with the hypothesis that prior 

contest experience alters an individual’s perception of its own fighting ability. Our study 

highlights the importance of considering a contests assessment stage when examining winner-

loser effects.  

HIGHLIGHTS 

• Contest initiation was the strongest predictor of contest outcome in male Eastern Water 

Skinks 

• Prior contest experience influenced contest initiation; prior winners had a much higher 

probability of initiating subsequent contests 

• Initiators had an 88% probability of winning in non-escalated contests, whereas in 

escalated contest, initiators had only 33-55% probability of winning in escalate 

contests.  

• The strength of the effect of prior contest experience is dependent on the level on 

escalation 

KEYWORDS 
Winner-loser effects, contests, game theory, resource holding potential  
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INTRODUCTION 

Conflict between individuals is resolved by assessing differences in resource holding potential 

(RHP, Parker, 1974). The cues used to assess RHP are varied, but include a rival’s 

morphology (e.g. body and head dimensions, Olsson, 1992; Stuart-Fox, Firth, Moussalli, & 

Whiting, 2006), whole-organism performance (e.g. bite force, Husak, Lappin, Fox, & Lemos-

Espinal, 2006) and behaviour (e.g. aggressive displays, Martínez-Cotrina, Bohórquez-Alonso, 

& Molina-Borja, 2014; Molina–Borja, Padron–Fumero, & Alfonso–Martin, 1998; Osborne, 

2005). In addition to these intrinsic traits, prior contest experience has been postulated to 

affect contestants’ fighting behaviour by altering an individual’s perception of its own RHP 

(Hsu, Earley, & Wolf, 2006; Hsu & Wolf, 2001). Behavioural modification after having won 

or lost a prior contest can increase or decrease the probability of winning (winner—loser 

effects, reviewed in Hsu et al., 2006). Under the ‘perceived ability’ hypothesis, prior contest 

experience should affect the outcome of non-escalated contests more because contestants are 

better able to estimate their true RHP during direct physical combat in escalated contests (Hsu 

et al., 2006). Moreover, theoretical analyses have also shown that as individuals become older 

and have accumulated more fighting experiences, their perceived ability approaches their true 

RHP (Fawcett & Johnstone, 2010). Despite this common view that fighting experience 

influences perceived RHP, the behavioural mechanisms that influence contest outcome and 

winner–loser effects are rarely discussed (Garcia, Murphree, Wilson, & Earley, 2014; Garcia 

et al., 2012; Hsu & Wolf, 2001). Previous contest experience should directly act on contest 

behaviour to influence rival assessment and contest outcome (e.g. Fig.1). Winning experience 

is thus predicted to increase the likelihood of exhibiting certain contest behaviours and as a 

consequence, increase an individual’s probability of winning.   

 Contests are highly variable and generally progress through phases of display before 

escalating to physical fighting. Short, low intensity contests occur when large differences in 

RHP are detected, while long, high intensity contests occur when differences in RHP are small 

and rival assessment is less accurate (Enquist & Leimar, 1983; Enquist, Leimar, Ljungberg, 

Mallner, & Segerdahl, 1990). Rival assessment models implicitly assume that animals use one 

assessment strategy throughout an entire contest; however, recent evidence suggests that 

animals are capable of employing different assessment strategies at different stages of a 

contest (Arnott & Elwood, 2009). Rival assessment in anole lizards appear to be flexible, such 
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that designated winners used mutual assessment, while designated losers used self-assessment 

(Garcia et al., 2012). Another study found that mangrove killifish, a species known to exhibit 

winner-loser effects, uses mutual assessment during the early display stages of a contest (Hsu, 

Lee, Chen, Yang, & Cheng, 2008). Once the contest escalates to physical attacks, losers 

appear to use self-assessment to make decisions about when to retreat (Hsu et al., 2008). These 

results suggest that there may be context-dependency in how animals assess their own RHP 

relative to their rivals. If prior contest experience affects how an individual perceives his own 

RHP, then the effects of prior contest experience on behavioural traits and contest outcome 

should also depend on the stage of a contest (Fig. 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 - The effect of prior contest experience on contest outcome is mediated via 

behavioural traits such as contest initiation or the total number of bites. Bold lines 

indicate a strong effect of prior contest experience on behaviors and therefore contest 

outcome; thin lines indicate a weak effect. Top: We predict that in non-escalated 

contests, contest initiation is affected more strongly by prior contest experience 

compared to total number of bites. Bottom: We predict that in escalated contests, total 
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number of bites is affected more strongly by prior contest experience compared to 

contest initiation 

 
Lizards have been widely used as model species in empirical tests of contest theory 

(Baird, 2013; Whiting, Nagy, & Bateman, 2003). However, previous studies on the role of 

prior experience have shown mixed results (Table 1). In some studies, losing has been shown 

to decrease the probability of winning in some species (Garcia et al., 2014; Garcia et al., 2012; 

Schuett, 1997). In contrast, prior winners of contests have been shown to increase the 

probability of winning subsequent contests in other systems (Stuart-Fox et al., 2006; Stuart-

Fox & Johnston, 2005; Zucker & Murray, 1996) and there have also been a number of studies 

that have shown no effect of prior contest experiences on the outcome of contests (McLean & 

Stuart-Fox, 2014; Scott, Whiting, Webb, & Shine, 2013). Part of the reason why such 

disparate results exist may relate to the context-dependent effects of prior contest experience 

on behavioural traits (Fig. 1). In most lizard studies, the importance of prior contest experience 

on behavioural traits as determinants of contest outcome are rarely discussed (Garcia et al., 

2014; Garcia et al., 2012). Even fewer studies directly investigate how experience can 

influence behavioural traits in a contest (Garcia et al., 2014; Garcia et al., 2012). Moreover, no 

studies have considered the effects of prior contest experience on behaviours that vary across 

different stages of a contest. Potential winner-loser effects may be difficult to detect, if prior 

contest experience has opposing effects on behavioural traits at different stages of a contest. 
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Table 1. Studies that used squamate reptiles to investigate the effects of prior contest experiences on contest outcome and or contest behaviours. 
The table is arranged in alphabetical order by species name. Methodological details are provided, including sample size of contests (when 
provided), the type of contest experience used (previous encounter, previous two encounters) and other details including procedures used to test 
experience effects. The effects of 1) prior experience on contest outcome; 2) behaviour on contest outcome; 3) prior experience on behaviour are 
summarized when available. W = Winner, L = Loser, Y = Yes, N = No. 
Species and 
sample size of 
contests 

Type of 
experience 

Effect of experience on 
contest outcome 

Examined behaviours 
as determinants of 
contest outcome? 

Examined experience 
effects on behaviours? 

Other details Reference 

Copperhead 
snake1 
Agkistrodon 
contortrix 
n = 10 

Previous 
encounter 

• L challenged 
significantly less than 
an opponent with no 
prior experience  

• L lost all contests 
without interactions 
escalating to physical 
fighting 

N Y 
L were never first to 
display 

Used naïve 
individual as 
opponents  

Schuett 
(1997) 

Green anole 
lizard2 
Anolis 
carolinensis 
n = 102 

Previous 
encounter 

• No effect of 
experience on W’s 
probability of 
winning overall 

• L were more likely to 
lose in non-escalated 
contests 

 

Y 
• Initiators were more 

likely to win in 
primary contests 

• Initiation did not 
affect probability of 
winning in 
secondary contests 
 

Y 
• No effect of primary 

contest experience on 
initiating in secondary 
contests 

• L that were more 
likely to escalate in 
primary contests, won 
significantly more 
secondary contests 

• Used naïve 
individual as 
opponents 

• Primary 
contests and 
secondary 
contests 

• Designated 
status and 
actual status 

Garcia et al. 
(2012) 
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Green anole 
lizard2 

Anolis 
carolinensis 
n = 146 

Previous 
encounter 

• No effect on W’s 
probability of 
winning overall 

• L were more likely to 
lose in non-escalated 
contest 

• No effect on W’s 
probability of 
winning in escalated 
contests 

Y 
• Initiators were more 

likely to win in 
primary contests 
 

Y 
• Experience has no 

effect on initiating in 
secondary contests 

• Primary contest 
winners were more 
likely to escalate in 
secondary contests 

• Used naïve 
individual as 
opponents 

• Primary 
contests and 
secondary 
contests 

• Designated 
status and 
actual status 

Garcia et al. 
(2014) 

Dwarf 
Chameleon1 
Bradpodion 
pumilum 
n = 107 

Previous 
two 
encounters 

• W are more likely to 
win in future contests 

N 
but see Stuart-Fox 
(2006) 

N • Tournament 
design 

Stuart-Fox 
et al. (2006) 

Lake Eyre 
dragon lizard1 
Ctenophorus 
maculosus 
n = 58 

Previous 
two 
encounters 

• No effect of 
experience 

N N • Tournament 
design 

McLean and 
Stuart-Fox 
(2014) 

Red-barred 
crevice dragon 
lizard1 
Ctenophorus 
vadnappa 
n = 14 

NA • W won subsequent 
contests 

N N • Same 
individuals in 
subsequent 
contests 

Stuart-Fox 
and 
Johnston 
(2005) 
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Small-eyed 
snake2 
Cryptophis 
nigrescens 
n = 24 

Previous 
encounter 

• *The study’s focus 
was on chemosensory 
site selection based 
on chemical cues 
from previous 
opponent, not 
predictors of contest 
outcome 

*The study’s focus was 
on chemosensory site 
selection based on 
chemical cues from 
previous opponent, not 
predictors of contest 
outcome 

No effect of experience 
on site selection 

• Same 
individuals 
used for 
subsequent 
scent trials 

Scott et al. 
(2013) 

Velvet Gecko1 
Oedura 
lesueurii 
n = 30 

Previous 
encounter 

• *The study’s focus 
was on chemosensory 
site selection based 
on chemical cues 
from previous 
opponent, not 
predictors of contest 
outcome 

*The study’s focus was 
on chemosensory site 
selection based on 
chemical cues from 
previous opponent, not 
predictors of contest 
outcome 

Y 
• L chose sites covered 

with the scent of 
unknown male 
conspecific more than 
those covered with 
scent of previous 
opponent defeated 
them.  

• No differences in site 
selection in W 

L were more active and 
mobile and spent less 
time in the half of the tub 
containing retreat site 
coved in opponents scent.  

• Same 
individuals 
used for 
subsequent 
scent trials 

Kondo, 
Downes, 
and Keogh 
(2007) 

Tree lizard1 
Urosaurus 
ornatus 
n = 29 

Previous 
encounter 

• W are more likely to 
winner in future 
contests 

N N • Opponents 
spent 3 days 
in same arena 

Zucker and 
Murray 
(1996) 

1 Used self-selected procedures where contestants were closely size matched and allowed to interact. Winner is treated with winning experience, 
losers is treated with losing experience. 
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2 Used random selection procedures where focal individuals were matched with smaller opponents to create winning experiences and larger 
opponents to create losing experience. 
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 Our study investigated whether prior contest experience can influence contest outcome 

and the role of behaviour at different stages of contest escalation in male Eastern Water Skinks 

(Eulamprus quoyii). Male contests in this species follow a distinct sequence; however, contest 

duration and intensity can be highly variable (see supplementary materials). In some cases, as 

soon as a lizard begins to move towards a rival, the rival flees, suggesting assessment is prior 

to any physical interactions (FK, personal observation). Contests were staged between size-

matched lizards in a ‘tournament’ design, where males competed with multiple opponents. We 

recorded whether the contest escalated to physical biting by at least one individual, the 

initiator of the contest and the number of times an individual bit his rival. We predicted: 1) 

contest initiation will best predict contest outcome in non-escalated contests because an 

individual’s motivation to initiate may be telling of his aggressiveness, which could influence 

his probability of winning (Jackson, 1991); 2) winning increases the probability of initiating a 

contest and the number of times a male bit his rival; 3) the total number of bites by a male will 

be an important predictor of contest outcome in escalated contests because the ability to inflict 

more damage than a rival may be an important determinant of contest outcome.
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METHODS 1 

Study Species, Collection and Husbandry 2 

The Eastern Water Skink (Eulamprus quoyii) occurs in close proximity to creeks and streams in 3 

southeast Australia (Law & Bradley, 1990). Males and females are similar in appearance 4 

although males have slightly larger heads and weigh more than females of the same body length 5 

(Noble, Fanson, & Whiting, 2014; Schwarzkopf, 2005). The breeding season typically begins in 6 

late September and ends in October although males may be aggressive beyond the actual 7 

breeding period (Noble, Keogh, & Whiting, 2013; Veron, 1969). We collected 56 adult male E. 8 

quoyii from nine sites in the Sydney region during 14 - 30 September 2014 and brought them 9 

back to Macquarie University for behavioural trials. We recorded the following body dimensions 10 

to the nearest 1 mm: snout-to-vent length (SVL; from tip of snout to the beginning of the cloaca 11 

opening), total body length (from tip of snout to the distal tip of the tail) and body mass (g). We 12 

measured the following head dimensions to the nearest 0.01 mm: head width (widest point of 13 

head), head depth (maximum height of the occiput region), head length (anterior edge of the 14 

tympanum to the tip of the snout). Lizards were kept individually in opaque plastic tubs 15 

measuring 350 (W) x 487 (L) x 280 (H) mm in a temperature controlled room set at 28ºC. We 16 

placed part of the tubs on heat cables in order to generate a thermal gradient for thermoregulation 17 

and each tub had its own ultraviolet light. Males had access to a refuge, a water bowl, and were 18 

fed crickets or dog food every second day.  19 

Male contests 20 

Male contests were carried out between 22 September and 12 October 2014 in a temperature 21 

controlled room set at 28ºC.  Males were sized matched based on SVL (mean size difference = 22 

1.34 mm , range = 0 – 5mm). We used a tournament design where individuals participated 23 

between two to seven different contests with different opponents (Whiting et al., 2006). Contest 24 

trials took place in opaque plastic arenas measuring 470 (W) x 690 (L) x 455 (H) mm, partitioned 25 

in half using a wooden divider. Each male occupied half of the arena. The substrate of the arena 26 

was lined with newspaper and males had access to a refuge and water. Males were left to 27 

habituate in the arena for 1.5 days before contests took place. On the day of the contests, refuges, 28 

water bowls and dividers were removed to allow males to interact. Males were given a maximum 29 

of 1.5 hrs to interact, but contests were usually resolved within 15 minutes of removing the 30 
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divider. Contests were closely monitored so that once a clear outcome was reached, the 31 

opponents were immediately separated to avoid possible injury. A clear contest outcome occurred 32 

when one of the male lizards fled from his opponent following an aggressive behaviour and the 33 

lizards were at least half a body length apart (except if the losing male was constrained by the 34 

corners of the arena). After each contest, males were immediately placed in a new arena with a 35 

new opponent, separated by an opaque divider. Refuges and water bowls were returned to the 36 

males and they were left to habituate for 1.5 days before the next contest. All contests were 37 

digitally recorded using CCTV cameras (Digital Video Recorder, model no. H.264 and Dome 38 

Security Cameras, model no. NCDP). 39 

Contest behaviour 40 

We scored the following from the video footage: 1) the frequency of headbobs, tounge-flicks, 41 

small and large tail waves during the 20 s period prior to and after the first interaction that led to 42 

a clear outcome (Table. 2); 2) which male was the initiator of the interaction; 3) aggressive and 43 

submissive behaviours that occurred during the interaction (Table. 2); 4) whether the interaction 44 

took place in the eventual winner’s or loser’s half of the arena; 5) whether the contest escalated to 45 

physical biting by at least one individual; 6) the duration of the contest, recorded from the start of 46 

the first behavioural interaction that led to a contest outcome, until a clear outcome has occurred; 47 

7) the winner and loser of the first interaction that led to a clear outcome. A winner was defined 48 

as an individual that consistently displayed aggressive behaviours to his opponent, while a loser 49 

was defined as an individual that exhibited submissive behaviours and moved away from his 50 

opponent. To calcualate repeatability of video scoring, we recorded the frequency of all 51 

behaviours on two occasions from a subset of 20 videos. Repeatability was defined as the 52 

percentage of videos, for each behavioural trait, that did not differ in recorded frequencies 53 

between the two occasions. Across all behaviours, the average repeatability score was 88% (SE = 54 

3.54 55 
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Statistical Analyses 56 

Fifty-six individuals were used in a total of 165 contests. Forty-two contests were discarded 57 

because males either failed to interact or there was no clear outcome. The Bradley-Terry (BT) 58 

model was used to investigate which male traits or behaviours predicted the probability of 59 

winning a contest. For all continuous male-specific traits (SVL and body mass), we used 60 

standardized coefficients scaled to have unit standard deviation. We combined all biting during a 61 

contest into a total number of bites variable because bites were hardly ever directed at the head, 62 

neck or flank region (See supplementary material).  The total number of bites was heavily right- 63 

skewed and as a consequence we log(x+1) transformed this variable for our final analyses. We 64 

ran separate analyses using rank transformed and normalized total number of bites by calculating 65 

quantiles from a normal distribution with a mean = 0 and standard deviation = 1 to check if the 66 

underlying distribution of the variable was driving effects. Contest duration was also log- 67 

transformed to improve normality. All data were analyzed using R and the packages 68 

Table 2 - Contest behaviours of E. quoyii recorded from video footage. 

Behaviour Description 
Aggressive  

Approach Gradual, step-by step movement towards opponent 
Chase Rapid movement towards opponent over a one second period 
Nudge Small push to the side of the body of opponent using snout 
Tail bite Bite to the tail of opponent 
Flank 
bite Bite to the side of the body of opponent 

Head bite Bite to the head of opponent 
Submissive  

Retreat Gradual, step-by step movement away from opponent 
Flee Movement away from opponent over a one second period 

Other  
Tongue 
flick 

Extension and retraction of the tongue occurring within less than once 
second of each other 

Head bob Up and down head movement 
Small tail 
wave Rapid, side to side undulation of tail tip at approximately 20° angles 

Large tail 
wave 

Moderately slow, side to side undulation of tail approximately at 45° – 60° 
angles 
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BradleyTerry2 and lme4 (Bates, Mächler, Bolker, & Walker, 2015; R Development Core Team, 69 

2010; Turner & Firth, 2012).  70 

The BT model is a logistic model for paired comparisons and the standard equation can 71 

be expressed in a logit-linear form: 72 

!"#$% !" ! !"#$% ! =  !! −  !! 

where ! and ! are lizards in a contest and the probability of lizard ! beating lizard ! is a function 73 

of the difference in ‘fighting abilities’ (!) of each lizard. Fighting ability is calculated from 74 

differences in individual specific traits such as body dimensions as well as, contest-specific traits 75 

(for more details Stuart-Fox et al., 2006a and Turner and Firth, 2012). Contest-specific traits are 76 

variables that vary between contests and can interact with the two players’ probability of winning 77 

a contest. We incorporated a lizard’s contest history and behaviours such as contest intitation and 78 

total number of bites as contest-specific traits. We included standardized SVL, body mass and 79 

head dimensions in our initial analyses to check if we had effectively size-matched the lizards. In 80 

these initial analyses, both standardized SVL and head dimensions did not predict contest 81 

outcome therefore these were excluded in our final models. However, body mass appeared to be 82 

important in some analyses suggesting that we did not fully account for mass differences between 83 

our contestants. As a consequence, we included standardized body mass in all our models as a 84 

covariate and we predicted that small differences in body mass will result in longer contest 85 

duration, particularly in escalated contests. We assessed the following key predictors on the 86 

probability of winning for all contests (non-escalated and escalated): standardized body mass, 87 

contest history and contest initiation. We predicted that contest initiation might depend on 88 

whether the contest escalated or not (Fig .1), therefore we fitted an interaction term between these 89 

variables. Our overall model for non-escalated contests is thus given by 90 

!"#$% !" ! !"#$% ! !" !"#$%&$ !
=  ! !! −!! +  ! !!" − !!" +  !(!!" −  !!") +  !(!!!" −  !!!") +  !! −  !!   

where ! represents the body mass of lizard ! or !, !!" represents whether lizard ! won the contest 91 

prior to contest ! (same for lizard j – i.e !!"), !!"  indicates whether lizard ! initiated contest ! 92 

(same for lizard j – i.e !!"). When !!" = 1, lizard ! has a contest initiation advantage over lizard ! 93 

(Agresti, 2002; Turner & Firth, 2012). !" indicates whether the contest was escalated or not and 94 

is the same value for both lizards. !! is the random effect for lizard !. Since both lizards have the 95 
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same value for contest escalation (!"), it is not possible to estimate the main effect for contest 96 

escalation in the BT model as the effects are essentially cancelled out. Nonetheless, the estimates 97 

and standard errors for the other parameters are still valid (personal communication, Heather 98 

Turner) and can be used to test the prediction that the effects of contest initiation on contest 99 

outcome depend on assessment stage (i.e. escalated or not). 100 

To explore whether biting influenced contest outcome, given it only occurred in escalated 101 

contests, we ran a separate BT model for escalated contests including key predictors mentioned 102 

above in addition to ‘total number of bites’, ! !!" − !!" , where !!" represents the total number 103 

bites from lizard ! in contest !, whereas !!" represents the total number bites from lizard ! in 104 

contest !. To test the robustness of our results we used the same predictors as the BT models in 105 

GLMMs (see supplementary materials, Table S1 – S2). We included fight and male ID as 106 

random effects to account for non-independence given that males were repeated in multiple 107 

contests and similarities may have arisen from males being in the same contest. All GLMM 108 

analyses were in accordance with our BT model, thus we present results from the BT models 109 

only.  110 

Since we predicted that contest history could affect the probability of winning a contest 111 

indirectly through modification of male behaviours (Fig. 1). We used a GLMM to assess whether 112 

contest history, while controlling for standardized body mass, predicted the probability of 113 

initiating a contest (1 = initiated, 0 = not initiate) and the total number of bites in escalated 114 

contests. 115 

Lastly, we tested whether differences in mass predicted contest duration of escalated 116 

contests only using generalized linear models. We also tested whether contest duration was 117 

longer between contestants that won both their previous contest compared to contests that did not 118 

win their previous contests using GLMMs. To assess the repeatability of winning and losing a 119 

contest for a given lizard, we calculated a GLMM-based repeatability from a binomial 120 

multiplicative model fitted by penalized quasi-likelihood on the original data scale following 121 

Nakagawa and Schielzeth (2010).  122 

Ethical note 123 

Lizards were captured either, by hand or by noosing and were placed in cloth bags. Individuals 124 

were transported in an ice cooler to Macquarie University for behavioural trials. Lizards were 125 
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kept individually in opaque plastic tubs measuring 350 (W) x 487 (L) x 280 (H) mm in a 126 

temperature controlled room set at 28ºC. We placed part of the tubs on heat cables in order to 127 

generate a thermal gradient for thermoregulation and each tub had its own ultraviolet light. Males 128 

had access to a refuge, a water bowl, and were fed crickets or dog food every second day. We 129 

observed no injuries or signs of stress from staged contests. All protocols in this study were 130 

approved by the Macquarie University Animal Ethics Committee (ARA 2014/036) and collection 131 

of lizards was approved by the New South Wales National Parks and Wildlife Service, Office of 132 

Environment and Heritage (SL100328). 133 
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RESULTS  

There were two distinct contest stages in male E. quoyii. In non-escalated contests, conflict 

was resolved without physical contact between the contestants, while in escalated contests, the 

interaction escalated to physical biting by at least one individual (Fig. S1). For a detailed 

description of the contests, see supplementary materials. Eighty-five of 123 (69%) contests 

were resolved without escalation and the mean contest duration for non-escalated contests was 

10.71 s (range = 0.40 – 473.20, SE = 5.84). Thirty-eight of 123 (31%) contests escalated to 

physical biting and the mean contest duration for escalated contests was 86.79 s (range = 1.60 

– 818.20, SE = 23.77). As predicted, contest duration of escalated contests increased as the 

difference in body mass between contestants decreased (Fig. 2). Only 28% of contests 

occurred in the winning lizard’s area (n = 35/123 contests), suggesting that the time the lizards 

were in their experimental arenas was insufficient for any significant residency effect. 

 

 

 

 

 

 

 

 

 

 

Figure 2 

Behavioural predictors of contest outcome 

Our overall BT model (including both non-escalated, n = 85, and escalated, n = 38, contests 

that resulted in a clear winner and loser) predicted 78/123 contests successfully when 

considering predicted probabilities of greater than or equal to 0.75 as sufficient to assign the 

winner of a contest. The median predicted probability that lizard i beats lizard j from our 

model was 0.83 (X+SE = 0.83+0.02, N = 123).  
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Winners initiated 97/123 (79%) contests and our BT model suggested that contest 

initiation was a significant predictor of the probability of winning a contest. However this 

effect was dependent on whether a contest escalated or not (Table 3, Fig. 3). In non-escalated 

contests, a lizard that initiated a contest had an 88% probability of winning (Fig. 4). In 

contrast, in escalated contests, contest initiation only marginally increased the probability of 

winning compared to non-escalated contests and had little effect on contest outcome (ca. 41-

59% of winning; Fig 4).  

 

 

 

 

 

 

 

 

 

Figure 3 

 
 

 

 
 

 
 

 

 
 

 
Figure 4 

Body mass appeared to be an important predictor of contest outcome (Table 3–4). Our 

BT model predicted that a 1 unit increase in standardized mass, all else being equal, will 



 31 

increase the estimated probability of winning by exp(1.0224)/(1+ exp(1.0224)) = 0.74. Body 

mass, however, was not a significant predictor in the GLMM analyses (Table S1–2). 

We predicted that the most important predictor of contest outcome in escalated 

contests would be the total number of times a male bit his rival. The BT model using only 

escalated contests, suggested that the total number of bites was a significant predictor of 

contest outcome. However, this effect was marginally significant in GLMM analyses (Table 

S2). Given the highly skewed nature of this variable, we re-ran our GLMM using normalized 

quantiles of ranked total number of bites, which then became a marginally significant 

predictor of contest outcome in escalated contests (GLMM: estimate = 1.5137, SE = 0.8938, Z 

= 1.694, P = 0.0904, N = 38).  

Prior contest experience on behaviours and contest outcome 

Winning experience (i.e. whether a male won his prior contest) did not directly affect the 

probability of a male winning a contest in all our models (Tables 3–4). However, we found a 

moderate between-individual repeatability of 0.28 (SE = 0.07, P = 0.001), which suggests that 

certain lizards tend to keep winning contests. If prior wins indirectly affects contest outcome 

through behavioural changes we predicted that it might do so through motivational changes in 

subsequent contests (contest initiation). As predicted, prior winners had a higher probability of 

contest initiation (Table 5 & Fig. 4). For an evenly matched pair, a lizard who had won his 

previous contest had an increase in the estimated probability of initiating by 

exp(0.7097)/(1+(exp(0.7097)) = 0.67. Neither previous contest history or standardize body 

mass had an effect on the total number of times a male bit his rival in escalated contests 

(GLMM; Prior win: estimate = 0.0746, SE = 0.1598, t = 0.4670, P = 0.6436; standardized 

body mass: estimate = -0.0508 SE = 0.1068, t = -0.4758, P = 0.6367).  

Sixteen of 38 (42%) escalated contests were between contestants that had both won 

their previous contest. Eight of 38 (21%) contests involved a male that had won his previous 

contest, however the previous winner did not always win (n = 4/8 contests). Neither residual 

body mass differences nor previous winning experience were significant predictors of contest 

escalation (body mass difference: estimate 0.4238, SE = 1.1129, Z = 0.381, P = 0.703; prior 

win: estimate = 0.6352, SE = 1.7322, Z = 0.367, P = 0.714). Contest duration not differ 

between contestants that had both won/lost their previous contests (estimate 0.1070, SE = 

0.5960, t = 0.2158, P = 0.8345).  
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Table 4 - Bradley-Terry model examining the effects of contest initiation, total number of 

bites, prior contest history (i.e. whether a male won his last contest) and standardized body 

mass [! − !(!)/!(!)] on the log-odds of winning a contest. The model includes only 

escalated contests (n = 38). Bolded estimates are significant. 

Variable Estimate SE Z P(>|Z|) 

Contest initiation 0.1572 0.5220 0.301 0.7633 

Total bites 2.1490 0.9869 2.177 0.0294 
Previous win -1.4822 1.1343 -1.307 0.1913 

Standardized body mass 2.0584 0.8558 2.405 0.0162 

Table 3 – Bradley-Terry (BT) model examining the effects of contest initiation, contest 

escalation, prior contest history (i.e whether a male won his last contest) and standardized 

body mass [! − !(!)/!(!)] on the log-odds of winning a contest. The main effect for 

‘escalate’ cannot be estimated in the BT model because lizard ! and lizard ! has the same value 

for escalate. The model includes both escalated and non-escalated contests (n = 123). Bolded 

estimates are significant. 

Variable Estimate SE Z P(>|Z|) 

Contest initiation 1.7842 0.3561 5.011 5.42e-07 

Escalate NA NA NA NA 

Previous win 0.4322 0.4782 0.904 0.36618 

Standardized body mass 1.0224 0.3591 2.847 0.00441 

Contest initiation × escalate -1.4228 0.5219 -2.726 0.00641 
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Table 5 - Generalized linear mixed effects model (GLMM) examining the effects of prior contest 

history (i.e whether a male won his last contest) and standardized body mass [! − !(!)/!(!)] on 

the log-odds of initiating a contest. The model includes both escalated and non-escalated contests (n 

= 123). Bolded estimates are significant. 

Variable Estimate SE Z P(>|Z|) 

Previous win  0.7097  0.3075    2.308    0.0210 

Standardized body mass 0.1226  0.1484  0.826  0.4088  
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DISCUSSION 
Contest initiation in non-escalated contests strongly predicted contest outcome in E. quoyii, 

whereas the total number of bites was a moderate predictor in escalated contests. As we 

predicted, previous winning experience was n 

ot important in prediction contest outcome. Instead, contest experience acted indirectly on 

contest outcome by affecting the probability that a male initiated a contest. In accordance with 

predictions from contest assessment models (Enquist & Leimar, 1983; Enquist et al., 1990), 

we also show that differences in body mass was negatively correlated with contest duration in 

escalated contests. Contests involving males that were similar in mass tended to be longer 

compared to contests involving males that were more asymmetric in mass. 

In escalated contests, body mass difference between contestants was associated with 

contest duration. Body mass appears to play an important role even after we had size-matched 

contestants within 1.56% of each other’s SVL. This suggests that mass is an important 

assessment cue used to resolve conflict between rivals. Mass could act as a visual cue or it 

may be correlated with other traits that may be important in escalated fighting, such as 

endurance (Robson & Miles, 2000). In aggressive contests, lizards often circle and shove each 

other while biting each other’s tails. Males that are heavier may be able to endure such 

energetically demanding behaviours longer than lighter males. Body size is known to predict 

contest outcome in many reptile systems (Schuett, 1997; Tokarz, 1985). For example, in tree 

lizards, body mass and prior contest experience were the best predictors of contest outcome 

(Zucker & Murray, 1996). This study found that a prior loser must weigh at least 1g more than 

his opponent in order to have an equal chance of winning when faced with a previous winner, 

whereas a previous winner can still have an equal chance of winning if it was disadvantaged in 

mass by 1.04 g. The total number of times a male bit his rival during a contest appears to be 

moderately important in predicting contest outcome in escalated contests, however this was 

not influenced by prior winning experience. This suggests a male’s intrinsic fighting ability 

during escalated contests such as his endurance, bite force or aggressiveness, may be more 

important in determining contest outcome and could affect the total number of bites. However, 

our preliminary analyses show that head size, which is correlated with bite force, was not 
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important in predicting contest outcome. Despite the importance of body mass and total 

number of bites, contest initiation appears to be a better predictor of contest outcome overall. 

Lizards that won their previous contest were more likely to initiate future contests, 

which increased their probability of winning. This supports the hypothesis that prior winning 

experiences influences fighting behaviours to indirectly affect contest outcome. Jackson 

(1991) proposed that individuals should only initiate when they are likely to win a contest. 

Previous contest experience may inflate an individual’s estimation of his own fighting ability 

and thus increase his likelihood of initiating (Hsu et al., 2006). Motivation to fight may be an 

assessment cue used in contests because initiators of agonistic interactions may appear more 

aggressive and threatening to rivals. In support of this, Stuart-Fox et al. 2006a found that 

previous contest experience is one of the key predictors of contest outcome in dwarf 

chameleons. Winners tended to be more aggressive and initiated contests significantly more 

than losers (Stuart-Fox, 2006b). Another study found that focal individuals (with no prior 

fighting experience) that initiated primary contests were more likely to win compared to non-

initiators in green anoles (Anolis carolinensis, Garcia et al., 2014; Garcia et al., 2012). 

However, this study used random-selection methods where focal individuals were pitted 

against lighter or heavier opponents in order to assign experience effects for subsequent 

secondary contests and may reflect a mass effect on initiation. Moreover, we did not find body 

mass important in predicting contest initiation. There is also the possibility that non-initiators 

may also be less motivated to initiate a fight due to prior losing experience. In male 

copperhead snakes (Agkistrodon contortix), prior winners did not initiate more via displaying 

compared to size-matched contestants, however prior losers were less likely to initiate 

(Schuett, 1997).  

Interestingly, the effect of prior contest experience on behavioural traits is context-

dependent. We found that the effect of winning experience on initiation was only important in 

determining contest outcome in non-escalated contests. This result is in accordance with the 

hypothesis that contest experience influences an individuals’ perception of its own fighting 

ability (Hsu et al., 2006). As interactions escalate to physical fighting, contestants are able to 

retrieve more accurate estimates of their RHP, therefore the outcome of escalated contests 

should be largely governed by the intrinsic fighting abilities of contestants (Hsu et al., 2006). 

Similar results were reported in male mangrove killifish where individuals with recent contest 
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success won significantly more non-escalated contests, but the outcome of escalated contests 

was unaffected (Hsu & Wolf, 2001). In contrast, prior losing experience in green anoles 

decreased the probability of winning in non-escalated contests, while prior winning experience 

had no effect (Garcia et al., 2014; Garcia et al., 2012). Contrary to previous studies, we did not 

find that previous contest experience influenced the probability of escalation, however 42% of 

escalated contests were between lizards that were both prior winners. Winning experience 

increased the probability of responding with an attack (bite or swimming rapidly towards the 

opponent) to a challenge display from an opponent in mangrove killifish (Hsu & Wolf, 2001). 

Similarly, Garcia et al. (2014) found that prior winners were more likely to escalate in their 

next contest in green anoles. These results suggest that winning experience is likely to cause 

behavioural changes in aggressiveness, however discrepancies across studies may be due to 

differences in methods used to assign experience. In green swordtail fish (Xiphophorus 

helleri) prior winners and losers obtained by random-selection methods (where contest 

experience is imposed by manipulating the relative sizes of contestants) compared to self-

selection methods (where size-matched contestants are pitted in a fight to determine outcome) 

were more aggressive in terms of attacking more frequently and for longer periods of time 

(Beaugrand & Goulet, 2000).  

Conclusions 

In summary, we show that previous contest experience directly influences contest initiation, 
which ultimately influences contest outcome between male E. quoyii, while accounting for 
body size and residency effects. We show that an effect of previous contest experience is 
context-dependent with contest initiation being more important only in non-escalated contests. 
This study extends our current knowledge of winner-loser e Great suggestions, I have included 
addition discussion on P33-34 
ffects and contest competition in male lizards. Our results highlight an overlooked need to 

explicitly consider contest assessment stage when making predictions regarding the 

importance of particular traits in predicting contest outcome. 

 

ACKNOWLEDGEMENTS 
We are grateful for David Firth and his statistical advice with the BT model. Funding for this 

study came from the Australian Research Council and Macquarie University. A scientific 

permit for this study was granted by the New South Wales National Parks and Wildlife 



 37 

Service, Office of Environment and Heritage, and all procedures were approved by the Animal 

Ethics Committee of Macquarie University. We would like to also thank the numerous 

members of the Lizard Lab that assisted us with lizard collection, husbandry and experimental 

set up. 



 38 

REFERENCES 

Agresti, A. (2002). Categorical data analysis. A John Wiley and Sons, Inc. Publication, 
Hoboken, New Jersey, USA.  

Arnott, G., & Elwood, R. W. (2009). Assessment of fighting ability in animal contests. Animal 
Behaviour, 77(5), 991-1004. doi: 10.1016/j.anbehav.2009.02.010 

Baird, T. A. (2013). Lizards and other reptiles as model systems for the study of contest 
behaviour. In I. C. W. Hardy & M. Briffa (Eds.), Animal Contests (pp. 258–286). 
United States of America: Cambridge University Press. 

Bates, D., Mächler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-effects models 
using lme4. Journal of Statistical Software, ArXiv e-print, in press.  

Beaugrand, J. P., & Goulet, C. (2000). Distinguishing kinds of prior dominance and 
subordination experiences in males of green swordtail fish (Xiphophorus helleri). 
Behavioural processes, 50(2), 131-142.  

Enquist, M., & Leimar, O. (1983). Evolution of fighting behaviour: decision rules and 
assessment of relative strength. Journal of theoretical Biology, 102(3), 387-410.  

Enquist, M., Leimar, O., Ljungberg, T., Mallner, Y., & Segerdahl, N. (1990). A test of the 
sequential assessment game: fighting in the cichlid fish Nannacara anomala. Animal 
Behaviour, 40(1), 1-14.  

Fawcett, T. W., & Johnstone, R. A. (2010). Learning your own strength: winner and loser 
effects should change with age and experience. Proceedings of the Royal Society of 
London B: Biological Sciences. doi: 10.1098/rspb.2009.2088 

Garcia, M. J., Murphree, J., Wilson, J., & Earley, R. L. (2014). Mechanisms of decision 
making during contests in green anole lizards: prior experience and assessment. Animal 
Behaviour, 92, 45-54.  

Garcia, M. J., Paiva, L., Lennox, M., Sivaraman, B., Wong, S. C., & Earley, R. L. (2012). 
Assessment strategies and the effects of fighting experience on future contest 
performance in the green anole (Anolis carolinensis). Ethology, 118(9), 821-834.  

Hsu, Y., Earley, R. L., & Wolf, L. L. (2006). Modulation of aggressive behaviour by fighting 
experience: mechanisms and contest outcomes. Biological Reviews, 81(1), 33-74.  

Hsu, Y., Lee, S.-P., Chen, M.-H., Yang, S.-Y., & Cheng, K.-C. (2008). Switching assessment 
strategy during a contest: fighting in killifish Kryptolebias marmoratus. Animal 
Behaviour, 75(5), 1641-1649.  

Hsu, Y., & Wolf, L. L. (2001). The winner and loser effect: what fighting behaviours are 
influenced? Animal Behaviour, 61(4), 777-786.  

Husak, J. F., Lappin, A. K., Fox, S. F., & Lemos-Espinal, J. A. (2006). Bite-force performance 
predicts dominance in male venerable collared lizards (Crotaphytus antiquus). Journal 
Information, 2006(2), 301-306.  

Jackson, W. M. (1991). Why do winners keep winning? Behavioral Ecology and 
Sociobiology, 28(4), 271-276.  

Kondo, J., Downes, S. J., & Keogh, S. J. (2007). Recent Physical Encounters Affect 
Chemically Mediated Retreat�Site Selection in a Gecko. Ethology, 113(1), 68-75.  

Law, B. S., & Bradley, R. (1990). Habitat use and basking site selection in the water skink, 
Eulamprus quoyii. Journal of Herpetology, 235-240.  

Martínez-Cotrina, J., Bohórquez-Alonso, M. L., & Molina-Borja, M. (2014). Morphological 
and behavioural correlates of contest success in male yellow-headed geckos, 



 39 

Gonatodes albogularis: sequential assessment or self-assessment? Behaviour, 151(11), 
1535-1554.  

McLean, C. A., & Stuart-Fox, D. M. (2014). Rival assessment and comparison of 
morphological and performance-based predictors of fighting ability in Lake Eyre 
dragon lizards, Ctenophorus maculosus. Behavioral Ecology and Sociobiology, 69(4), 
523-531.  

Molina–Borja, M., Padron–Fumero, M., & Alfonso–Martin, T. (1998). Morphological and 
behavioural traits affecting the intensity and outcome of male contests in Gallotia 
galloti galloti (Family Lacertidae). Ethology, 104(4), 314-322.  

Noble, D. W., Fanson, K. V., & Whiting, M. J. (2014). Sex, androgens, and whole�organism 
performance in an Australian lizard. Biological Journal of the Linnean Society, 111(4), 
834-849.  

Noble, D. W. A., Keogh, J. S., & Whiting, M. J. (2013). Multiple mating in a lizard increases 
fecundity but provides no evidence for genetic benefits. Behavioral Ecology, 24(5), 
1128-1137. doi: 10.1093/beheco/art040 

Olsson, M. (1992). Contest success in relation to size and residency in male sand lizards, 
Lacerta agilis. Animal behaviour, 44(2), 386-388.  

Osborne, L. (2005). Information content of male agonistic displays in the territorial tawny 
dragon (Ctenophorus decresii). Journal of Ethology, 23(2), 189-197.  

Parker, G. A. (1974). Assessment strategy and the evolution of fighting behaviour. Journal of 
theoretical Biology, 47(1), 223-243.  

R Development Core Team. (2010). R: A language and environment for statistical computing: 
R Foundation for Statistical Computing.  

Robson, M., & Miles, D. (2000). Locomotor performance and dominance in male tree lizards, 
Urosaurus ornatus. Functional Ecology, 14(3), 338-344.  

Schuett, G. W. (1997). Body size and agonistic experience affect dominance and mating 
success in male copperheads. Animal Behaviour, 54(1), 213-224.  

Schwarzkopf, L. (2005). Sexual dimorphism in body shape without sexual dimorphism in 
body size in water skinks (Eulamprus quoyii). Herpetologica, 61(2), 116-123.  

Scott, M. L., Whiting, M. J., Webb, J. K., & Shine, R. (2013). Chemosensory discrimination 
of social cues mediates space use in snakes, Cryptophis nigrescens (Elapidae). Animal 
Behaviour, 85(6), 1493-1500. doi: 10.1016/j.anbehav.2013.04.003 

Stuart-Fox, D. M. (2006). Testing game theory models: fighting ability and decision rules in 
chameleon contests. Proc Biol Sci, 273(1593), 1555-1561. doi: 
10.1098/rspb.2006.3468 

Stuart-Fox, D. M., Firth, D., Moussalli, A., & Whiting, M. J. (2006). Multiple signals in 
chameleon contests: designing and analysing animal contests as a tournament. Animal 
Behaviour, 71(6), 1263-1271. doi: 10.1016/j.anbehav.2005.07.028 

Stuart-Fox, D. M., & Johnston, G. R. (2005). Experience overrides colour in lizard contests. 
Behaviour, 142(3), 329-350.  

Tokarz, R. R. (1985). Body size as a factor determining dominance in staged agonistic 
encounters between male brown anoles Anolis sagrei. Animal Behaviour, 33(3), 746-
753.  

Turner, H., & Firth, D. (2012). Bradley-Terry Models in R: The BradleyTerry2 Package. 
Journal of Statistical Software, 48(9).  



 40 

Veron, J. (1969). The reproductive cycle of the water skink, Sphenomorphus quoyii. Journal 
of Herpetology, 55-63.  

Whiting, M. J., Nagy, K. A., & Bateman, P. W. (2003). Evolution and maintenance of social 
status-signaling badges. Lizard social behaviour (Fox, SF, McCoy, JK & Baird, TA, 
eds). The John Hopkins University Press, Baltimore, MD, 47-82.  

Whiting, M. J., Stuart-Fox, D. M., O'Connor, D., Firth, D., Bennett, N. C., & Blomberg, S. P. 
(2006). Ultraviolet signals ultra-aggression in a lizard. Animal Behaviour, 72(2), 353-
363.  

Zucker, N., & Murray, L. (1996). Determinants of dominance in the tree lizard Urosaurus 
ornatus: the relative importance of mass, previous experience and coloration. Ethology, 
102(6), 812-825.  



 41 

SUPPLEMENTARY MATERIALS 

Figure S1 Flow diagram depicting the sequence of behaviours that occur in contests between 

size-matched male E.quoyii. Contest stages are separated by dashed line. For more detailed 

description of the contests, see supplementary material. 
 

Description of male contests 

Contests were initiated when one lizard either slowly approached (n = 91/123 contest) or 

chased (n = 28/123 contests) the second lizard. Initiators sometimes (n = 12/123 contests) 

performed small tail waves (rapid side to side undulation of tail tip at approximately 20° 

angles) prior to approaching the second lizard. Lizards that were approached often fled from 

the initiator (n = 55/91 contests).  

In most instances, the lizard being approached remained stationary and was unaffected by the 

contest initiator, however in rare cases, both lizards would approach each other. Upon 

approach, lizards would shuffle beside each other and then align themselves so that each lizard 

lined up with his opponent’s tail base or flank (head-tail alignment). This alignment lasted for 

on average 4.02 seconds (SE = 0.72, n = 30 contests) until one of the lizards (usually the 

initiator; n =17/30 contests) bit and held down his opponent’s tail. Bites were always directed 

at tail bases (n = 33/38 contests), in rare instances bites were directed at the flank, neck or 

head contests. The bitten lizard sometimes performed small and/or large tail waves 

(moderately slow, side to side undulation of tail approximately at 45° – 60° angles) when 

being held down (n = 12/38 contests). Frequently, the bitten lizard would nudge his opponent 

to terminate tail biting and would flee or retreat from the interaction.  
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If the bitten lizard does not retreat, the bitten lizard would reciprocate tail biting and 

the pair would circle each other, while grasping each other’s tails in their mouth. Each male 

switched between biting and tail holding while in the contest. In more aggressive contests, 

each lizard would release each other’s tail and align themselves head-to-head, in a parallel 

fashion (head alignment), approximately 2 cm apart. In the head alignment, the lizards would 

inch forward to line up their bodies and would sometimes nudge each other (n = 10/ 15 

contests). Often the lizards would re-establish the head-tail alignment and continue circling 

and biting each other (n = 8/15 contests). Head-tail alignment usually preceded head alignment 

(n = 6/8 contests). In some escalated contests where opponents were in head-tail alignment, 

one lizard rolled his opponent, while still gripping on his opponent’s tail. This often caused the 

opponent to rapidly tumble, after which the opponent often fled (n = 11/38 contests). Losers 

tended to perform small and/or large tail waves after escalated interactions (n = 18/38 

contests). Overall, losers tail waved in 64/123 contests, while winners only tail waved in 

23/123 contests, a proportion that was statistically significantly (!! = 28.58, df = 1, P < 

0.001).  

 

Table S1 - Generalized linear mixed effects model (GLMM) examining the effects of contest 
initiation, quantile-normalized total number of bite, prior contest history (i.e whether a male 
won his last contest) and standardized body mass [! − !(!)/!(!)] on the probability of 
winning a contest. The model includes only escalated contests (n = 38).  
Variable Estimate SE Z P(>|Z|) 
Contest initiation 1.1754 0.8612 1.365 0.1723 
Total bites 1.5137 0.8938 1.694 0.0904 
Previous win -1.0489 1.0786 -0.972 0.3308 
Standardized body mass 0.6784 0.5287 1.283 0.1995 
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ABSTRACT 

Traditionally, the ability to learn from conspecifics (social learning) is considered to be limited to 

group-living species, however there is increasing evidence that less social species are capable of 

using social information too. This is not surprising given the potentially adaptive benefits of 

learning from others. Social learning has been reported in several reptile species, however the 

factors driving individual differences in social information use are generally unknown. We 

investigated the effects of an observer’s dominance status on social information use in Eastern 

Water Skinks (Eulamprus quoyii) in an association and a reversal-learning task. We used pairs of 

male lizards that had previously encountered one another during staged contests of known 

dominance. We were thereby able to control the dominant-subordinate relationship of the 

demonstrator and observer relative to one another and in control groups. We show that lizards 

that viewed a demonstrator perform the task did not learn faster than the control group and 

moreover, dominance status did not affect social information use in both an association and 

reversal task. In light of previous work, our results suggest age might be a more important driver 

of social information use because demonstrators and observers were closely size-matched and are 

likely to be of similar age.  

HIGHLIGHTS 

• No evidence of social information use 

• No differences in learning the tasks between dominant and subordinate lizards 

• Lizards may rely on trial and error learning when it is not costly to do so  

• Our results suggests lizards may ignore social information from conspecifics that are 

similar in size or age 

KEYWORDS 

Social learning, private information, social dominance, rank, lizard 
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INTRODUCTION 

The social environment is a rich source of information that can be used in individual decision-

making. Learning by interacting or observing the behaviour of others (social learning) can allow 

naïve individuals to acquire new foraging skills (Aplin, Sheldon, & Morand-Ferron, 2013), learn 

predator evasion tactics (Kavaliers, Colwell, & Choleris, 2005) and what mates to choose 

(Dugatkin & Godin, 1993). The use of social information allows observers to shortcut trial and 

error learning, thereby bypassing the costs associated with individual learning (Boyd & 

Richerson, 1995; Shettleworth, 2009). Costs, such as the time and energy expended learning a 

new problem and the increased predation risk while sampling the environment, should favour the 

use of social information (Kendal, Coolen, van Bergen, & Laland, 2005; Rieucau & Giraldeau, 

2011). However, social information use is not inherently adaptive and theoretical analyses 

suggest that individuals should use social information selectively (Giraldeau, Valone, & 

Templeton, 2002; Rieucau & Giraldeau, 2011). The ‘costly information hypothesis’ postulates 

that individuals trade-off using accurate information that is costly to obtain against cheap 

information that is possibly less accurate (Boyd & Richerson, 1995). Socially acquired 

information may be unreliable or out-dated in a changing environment, thus selection may often 

favour plastic strategies (Kendal et al., 2005; Laland, 2004).  

  For social information use to be advantageous, individuals should be selective with 

regards to whom they learn from (Laland, 2004). Coussi-Korbel and Fragaszy (1995) proposed 

the idea of ‘directed social learning’, where social learning is dependent on the identity of a 

demonstrator. Observers may preferentially learn from certain individuals as the quality and 

relevance of information may vary between individuals (Galef Jr & Laland, 2005; Laland, 2004). 

As a consequence, social information transmission in the population can spread at different rates 

(Coussi-Korbel & Fragaszy, 1995). Animals can ‘copy-the-most-successful’ individuals to ensure 

they are maximising their social learning opportunities and avoid acquiring unproductive 

behaviours (Laland, 2004). Social cues such as dominance status, age or size may be indicators of 

success to an observer (Galef Jr & Laland, 2005). However, dominance, age and size are often 

confounded, where larger individuals tend to be older and more dominant than smaller 

individuals. Hence, it becomes quite difficult to disassociate these effects (Aplin et al., 2013; 

Duffy, Pike, & Laland, 2009). Body size may also be indicative of body condition and foraging 
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success, thus observers may prefer to watch larger individuals when making foraging decisions 

(Duffy et al., 2009). Since age comes with experience, observers could learn from older 

individuals who exhibit behaviours that have been effective in ensuring their survival (Duffy et 

al., 2009). Dominant individuals are likely to be highly skilled in monopolising resources and 

observers may choose to exploit their behaviours through scrounging (Laland, 2004). The role of 

dominance relationships on social information use may play an even more important role than 

age or size in species that show dominance hierarchies (Coussi-Korbel & Fragaszy, 1995).  

The effect of social dominance on social information use has been extensively tested in 

birds and mammals (Aplin et al., 2013; Benson-Amram, Heinen, Gessner, Weldele, & 

Holekamp, 2014; Kavaliers et al., 2005; Kendal et al., 2014; Nicol & Pope, 1999; Pongracz, 

Vida, Banhegyi, & Miklosi, 2008; Stahl, Tolsma, Loonen, & Drent, 2001). Studies that 

investigate whether naïve individuals prefer to learn from dominant or subordinate demonstrators 

tend to support the idea that dominant individuals are more influential models (Kendal et al., 

2014; Krueger & Heinze, 2008; Nicol & Pope, 1999 but see Awazu and Fujita, 2000). 

Individuals may also need to monitor dominant individuals more closely to avoid aggressive 

interactions therefore dominant individuals tend to be more salient than lower ranked animals 

(Nicol & Pope, 1999; Shepherd, Deaner, & Platt, 2006). Interestingly, studies that assess whether 

an individual’s dominance status influences their propensity to use social information have been 

inconsistent (Aplin et al., 2013; Benson-Amram et al., 2014; Kavaliers et al., 2005; Kendal et al., 

2014; Pongracz et al., 2008; Stahl et al., 2001). For example, dominant barnacle geese (Branta 

leucopsis) follow subordinates to new feeding sites to capitalise on foraging opportunities (Stahl 

et al., 2001). In contrast, Benson-Amram et al. (2014) found that subordinate spotted hyenas 

(Crocuta crocuta),were more attentive to a demonstrator, however this did not to improve their 

ability to solve a foraging task. Other studies have found that subordinates are more likely to use 

social information to solve novel tasks (Aplin et al., 2013; Kavaliers et al., 2005; Kendal et al., 

2014; Pongracz et al., 2008); however, the effects of an observer’s dominance status on social 

information use remain poorly understood.  

Social information use is most often associated with group-living species (Lefebvre, 

2010) and reptiles are often considered to be less socially complex than other vertebrates; 

however, this does not preclude their ability to use social information (Davis & Burghardt, 2011; 
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Kis, Huber, & Wilkinson, 2014; Noble, Byrne, & Whiting, 2014; Pérez-Cembranos & Pérez-

Mellado, 2015; Wilkinson, Kuenstner, Mueller, & Huber, 2010). Recent studies have found that 

Balearic lizards (Podarcis lilfordi) and Little Scrub Island ground lizards (Ameivia corax) cue on 

conspecifics to locate food patches (Eifler & Eifler, 2014; Pérez-Cembranos & Pérez-Mellado, 

2015). There is also increasing evidence that reptiles are capable of social learning in a diverse 

set of species (Davis & Burghardt, 2011; Kis et al., 2014; Noble et al., 2014; Wilkinson et al., 

2010). For example, red-footed tortoises (Geochelone carbonaria) were able to navigate through 

a detour task after watching a demonstrator do so, whereas a control group did not (Wilkinson et 

al., 2010). Red-bellied cooters (Pseudemys nelsoni) have also been shown to learn through 

stimulus enhancement, by associating a coloured bottle with food, after observing a demonstrator 

feed from it (Davis & Burghardt, 2011). Kis et al. (2014) demonstrated that bearded dragons 

(Pogona vitticeps) are able to socially learn from a demonstrator by imitation, a mechanism 

thought to only be used by mammals and birds (Heye, 1993). These studies collectively 

demonstrate that social information use is indeed not restricted to group-living species, however 

the drivers of variation in the use of social information remains largely unexplored in reptiles 

(except see Noble et al. 2014). Closing this gap could be fundamental to understanding social 

learning strategies and any links to social behaviour (Doody, Burghardt, & Dinets, 2013). 

We investigated the effects of social dominance on social information use in Eastern 

Water Skinks (Eulamprus quoyii). Since lizards exhibit indeterminate growth, age and body size 

are linked (Halliday & Verrell, 1988). Thus, we attempted to account for the age of the lizards by 

randomizing the body size distribution across treatments and size-matching demonstrators and 

experimental lizards. Males of this species form dominance hierarchies, hence social dominance 

may be an important driver in social information use (Done & Heatwole, 1977). Eulamprus 

quoyii also perform well on a multitude of cognitive tasks (Noble, Carazo, & Whiting, 2012) and 

young lizards are capable of using social information to learn a novel association task (Noble et 

al., 2014). Nonetheless, dominance and age are likely tightly linked in E. quoyii and we were 

specifically interested in understanding the role of dominance relationships in social learning. 

Dominant lizards may use social information to take advantage of scrounging opportunities 

presented by other individuals (Giraldeau & Caraco, 2000; Stahl et al., 2001). Under this 

hypothesis, we would predict dominant observer lizards to use social information more readily to 
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learn faster than subordinate observer lizards. This may enable dominant lizards to reduce the 

costs of defending a territory and maintain their social status (Sinervo, Miles, Frankino, 

Klukowski, & DeNardo, 2000). On the other hand, subordinate lizards may be more at risk of 

predation and may incur high energetic costs when dispersing to avoid aggressive interactions 

with other males (Sinervo et al., 2000). Under this hypothesis we would predict that subordinate 

observer lizards that have access to social information may use it to learn tasks faster than 

dominant observer lizards. Subordinate lizards may therefore exploit social information to 

maximise foraging opportunities from dominant individuals.
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METHODS 

Lizard collection and Husbandry 

We collected 56 adult male E. quoyii from nine sites in the Sydney region during 14 - 30 

September 2014 and brought them back to Macquarie University for behavioral trials. We 

recorded the following body dimensions to the nearest 1mm: snout-to-vent length (SVL; from tip 

of snout to the beginning of the cloacal opening, total body length (from tip of snout to the distal 

tip of the tail in mm and body mass to the nearest 0.1g. Lizards were kept individually in opaque 

plastic tubs measuring 350 (W) x 487 (L) x 280 (H) mm in a temperature controlled room. Each 

tub had its own ultraviolet light and males had access to a refuge, a water bowl, and were fed 

crickets or dog food three days a week.  

Determining male dominance status 

Male contests were carried out between 22 September and 12 October 2014 in a temperature-

controlled room set at 28ºC.  Males were sized matched based on SVL (mean size difference = 

1.34 mm, range = 0 – 5 mm). We used a tournament design where individuals participated in two 

to seven different contests with different opponents (Whiting et al., 2006). Contests took place in 

neutral, opaque plastic arenas measuring 470 (W) x 690 (L) x 455 (H) mm, partitioned in half 

using a wooden divider. Each male occupied half of the arena. Males were left to habituate in the 

arena for 1.5 days before contests took place. On the day of the contest, refuges, water bowls and 

dividers were removed to allow males to interact. Males were given a maximum of 1.5 hours to 

interact, but contests are usually resolved within 15 minutes of removing the divider. Contests 

were closely monitored so that once a clear outcome was apparent, the opponents were 

immediately separated to avoid possible injury. A clear contest outcome occurred when one of 

the male lizards fled from his opponent following an aggressive behaviour and the lizards were at 

least half a body length apart (except if the losing male was constrained by the corners of the 

arena). After each contest, males were immediately placed in a new arena with a new opponent 

and separated by an opaque divider. Refuges and water bowls were returned to the males and 

they were left to habituate for 1.5 days before the next contest. All contests were digitally 

recorded using CCTV cameras (Digital Video Recorder, model no. H.264 and Dome Security 
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Cameras, model no. NCDP). For further description of the contests see Kar et al. (in preparation) 

[Chapter 1].  

Treatment groups 

To ensure a clear dominance relationship between a demonstrator and an experimental lizard, we 

used lizards from contests in which there was a clear outcome. We accounted for body size so 

that pairs of males were either the same size or the dominant individual was slightly larger. Males 

were paired if dominant individuals had won more contests and experienced fewer losses than 

their subordinate counterpart. This was to ensure that the relative dominance relationship between 

the pair remained stable. Using this criterion, we obtained 28 pairs. To assess the stability of the 

relative dominance relationship between pairs, we calculated the repeatability of winning and 

losing a contest for a given lizard (Nakagawa & Schielzeth, 2010). The probability for a lizard 

winning a contest was moderately repeatable (R = 0.28, SE = 0.07, P = 0.001). We also staged 

another round of contests 59 days later to further assess the stability of the dominance statuses 

among pairs (n =28). Of the 28 contests, 18 resulted in a clear outcome. The dominance 

relationship remained stable in 13/18 (72%) interactions two months after the initial contest, 

suggesting that relative relationships were likely fairly stable for most pairs.  

Once dominance relationships were established between two males we randomly 

allocated pairs into one of two treatment groups: 1) a social treatment group where an 

experimental lizard was allowed to view the demonstrator execute the foraging task and 2) a 

control treatment, where the experimental lizard was allowed to viewed a demonstrator that was 

not performing the task (i.e. doing nothing). In each of these treatment groups experimental 

lizards were randomly allocated to: 1) a subordinate individual of the pair (n = 9) or 2) a 

dominant individual of the pair (n =8).  The control treatment had a mix of both subordinate (n = 

5) and dominant (n = 6) experimental lizards. The mean SVL of the experimental lizards was not 

significantly different across our treatment groups (GLM: estimate = -0.04032, SE=0.02463, t=-

1.637, P=0.1138).  
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Training and social demonstration  

Cognition trials were carried out in the same room where the lizards were housed. Pairs of 

individuals were placed in opaque plastic tubs measuring 470 (W) x 690 (L) x 455 (H) mm, 

separated by a fixed piece of plexi-glass and a removable opaque divider. Each lizard occupied 

one half of the tub.  

All lizards were trained to displace a lid from a dish to access a mealworm (Tenebrio 

molitor) and followed a similar protocol to that used by Noble et al. (2014) and Clark et al. 2014. 

We modified this protocol slightly to expedite learning and facilitate the training of lizards that 

had difficulty learning the task. Briefly, lizards were first trained to eat from an open dish 

containing a mealworm. Lizards had to eat from the open dish a minimum of 5/6 times before 

graduating to the next task (phase 1). Once lizards achieved this criterion, a yellow lid was placed 

over the food dish so that it covered 75% of the dish (phase 2). Again, lizards had to eat from the 

75% covered dish a minimum of 5/6 times before graduating to a yellow lid that fully covered the 

dish and that required lizards to use their snout to open it (phase 3). Some lizards had difficulty 

learning this task (n = 29/56) and to expedite learning we provided all 56 lizards with two dishes 

(phase 4). One of these dishes contained a lid that was 75% covered while the second dish 

completely covered the food well. The dish that had a fully or 75% closed lid varied between 

trials (either the right or left). Lizards had to eat from both dishes a minimum of 5/6 times before 

graduating to the next phase where both lids completely covered the food well (phase 5). Lizards 

that did poorly on this task (i.e. ones that did not eat from both dishes in at least 2/3 of their last 

trials; n = 16) were then given two dishes that were 98% covered (phase 6). The purpose of this 

was to train the lizards to associate each dish with food when visual cues were absent, but to not 

make access to this food particularly difficult (i.e. lizards could simply slide the lid off). In 

contrast, lizards that ate from both dishes in 2/3 of their last trials (6 trials total) were allowed to 

continue with one lid fully closed and the second 75% (phase 4) closed until they achieved 

criterion. In 13 instances, lizards that achieved the 5/6 criterion for phase 4 (two dishes - 75% and 

fully covered) but then were unsuccessful in the first two trials of phase 5 (two dishes fully 

covered) were returned to phase 4. This variable training approach quickly trained many of the 

lizards that were having difficulty learning how to flip a fully covered lid and was particularly 

suitable for our needs given that we were not interested in instrumental learning abilities and it 
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allowed us to alleviate time constraints during the training period. For a schematic overview of 

the training phases see Fig. S1.  

Once all lizards had learnt to flip and open a lid to access the mealworm, demonstrators of 

social treatment were given a new task consisting of two dishes, one was covered by a white lid, 

another by a blue lid. The dish covered by the white lid was fixed closed and contained no 

mealworm, so that the demonstrator lizard could only open the blue lid. This allowed 

demonstrators to unambiguously open the correct lid during social demonstration. Demonstrators 

were required to eat from the blue dish 5/6 times before social demonstration commenced. 

During demonstrator training, the training for experimental lizards that learnt to flip two fully 

closed lids was terminated to prevent satiation. Only experimental males who did not learn the 

task continued training during the demonstrator training phase (n = 4). In all cases, when 

experimental lizards commenced the task, they task they all continued to flip the lids 

immediately. 

Association task  

The apparatus given to the experimental lizards was the same design as that used by (Noble et al., 

2014) and it consisted of two dishes attached to a wooden block. One dish was covered by a blue 

lid (food reward), while a white lid covered the control. We placed a mealworm in each dish to 

control for scent and auditory cues between the two dishes. In the association task, the reward 

could be accessed from the blue dish, while the mealworm in the white dish was obstructed by a 

piece of cardboard and was therefore inaccessible. This task required the experimental lizards to 

displace the correct lid (blue) to access the food reward. The position (right or left) of the blue 

dish was randomised and counter-balanced across treatment groups to account for differences in 

lateralisation between lizards. The position of the correct dish remained consistent within each 

task after this initial randomization. We therefore cannot disambiguate whether spatial or colour 

cues were used to learn the task.  

At the beginning of each trial, the refuge, water bowl and wooden divider were removed 

to provide a clear view of the demonstrator. The social treatment lizards were given six trials to 

view the demonstrator complete the task. Following from this, they also received the task to 
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complete after viewing the demonstrator on each trial. Similarly, control lizards viewed their 

respective demonstrators for the same amount of time as social treatment lizards. We conducted 

two trials per day, in the morning (0830-1000) and the afternoon (1200-1400) with a minimum 

interval of 2 hours between trials. A lizard was considered to have learnt the task if it displaced 

the blue lid 5/6 consecutive times. We continued to give the task to lizards that learnt until every 

lizard had completed a maximum of 18 trials. All trials were filmed using CCTV cameras and a 

blind reviewer measured: 1) whether or not the lizard chose the correct dish; 2) the latency to 

displace the correct lid from the moment the task was placed inside the lizard’s enclosure; and 3) 

whether the lizard displaced the lid from only the correct dish or from both dishes. All lizards 

learnt the association task before moving on to the reversal task. 

Reversal task 

The second task required the experimental lizards to unlearn the blue-reward association. The 

experimental setup was the same as that described for the association task except that the white 

dish now contained the accessible food reward. The position (right or left) of the white dish was 

again randomised and counter-balanced across the treatment groups and remained consistent 

within each task. Again, the social treatment lizards viewed their respective demonstrators 

perform the task prior to attempting the task, while control lizards viewed their demonstrators for 

the same amount of time. All lizards were given a maximum of 26 trials to learn the task. The 

same learning criterion from the association task was used in the reversal task.  

Statistical analyses 

We recognized that demonstrator lizards of different dominance status might differ in their 

motivation to execute the tasks in response to the experimental lizards. To assess these potential 

differences, we tested whether the number of trials that did not result in a successful 

demonstration differed between subordinate and dominant demonstrators using a GLM with 

negative binomial errors. We also considered potential differences in motivation across our 

treatments by only including experimental lizards that attempted at least 85% of trials in our 

analyses, however, only one lizard did not meet this criterion in the association task. All lizards 

were retained for the analysis of the reversal task.  
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To assess the robustness of our learning criterion, we tallied the number of correct choices 

after a lizard reached the learning criterion for a subset of lizards that had five or more trials 

beyond the trial they learnt. We tested whether the number of correct choices was significant 

according to an exact binomial choice test (association task: n = 23, reversal task: n =22). In the 

association task, 18/23 (78%) lizards that had five or more trials beyond the trial they learnt chose 

the correct dish significantly more than expected by chance. While in the reversal task, 20/22 

(91%) lizards that had five or more trials beyond the trial they learnt chose the correct dish 

significantly more than expected by chance. These results suggest that our learning criterion was 

sufficient in categorising lizards that learnt from those that did not.  

Generalized linear models (GLM) and generalised linear mixed effects model (GLMM), 

using a Bayesian Markov chain Monte Carlo (MCMC) sampling approach, were used to analyse 

our data. We used the MCMCglmm package in R (Hadfield, 2010; R Development Core Team, 

2010). Treatment (social and control) and status (dominant = DOM and subordinate = SUB) were 

coded as two level factors. We included an interaction term because we hypothesized that 

dominant and subordinate lizards may use social information differently. We mean centred and 

scaled SVL to have a unit standard deviation. Scaled SVL was then included in all models as a 

covariate. The mean number of trials it took to learn each task was modelled using a GLM with a 

negative binomial error distribution. We also calculated Hedge’s g standardised effect sizes using 

an unbiased estimator following Nakagawa and Cuthill (2007) for the mean number of trials 

taken to learn the tasks. Individual ID was included as a random intercept and trial number as a 

random slope in all GLMM models. The variance-covariance matrix for the residuals is fixed at 1 

as this is what the ‘logit’ family assumes. We used 2,000,000 iterations, a thinning interval of 

5000 (i.e. one in every 5000 iterations of the Markov chain is used to estimate the posterior 

distribution of the model parameters) and a burn-in of 10,000 (i.e. we did not take the first 10,000 

iterations from the Markov chain to avoid auto-correlation issues).  We performed auto-

correlation diagnostics to ensure our samples were not strongly correlated. We also visually 

inspected the plots of our samples to ensure chains were mixing well. We treated correct and 

incorrect choices as a binary variable and the probability of making a correct choice was analysed 

using a GLMM with binomial errors (logit link). We recorded whether a lizard displaced the lid 

from only the correct dish or not (‘1’ or ‘0’) and modelled the probability of choosing only the 
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correct dish using a GLMM with binomial errors. We also estimated a fixed effect for trial 

number in our GLMMs as we expected the probability to make a correct choice and the 

probability to displace the lid from the correct dish only should increase across trials as lizards 

learn the task. The latency to displace the lid from the correct dish was log transformed to ensure 

normality. Latency to displace the correct lid was analysed with a linear mixed model with trial 

number (random slope) and individual ID (random intercept) as random effects. Trial number 

was also included as a fixed effect, as we expected latencies to decrease as lizards learnt the task.  

Lastly, to test whether the exclusion of lizards that did not meet the learning criterion 

influenced our results, we assigned them with the maximum trial number (association task = 18 

trials; reversal task = 26 trials) as the number of trials it took to learn the task and re-ran our 

analyses. We did not find any differences in our results when including the data of the excluded 

lizards. This suggests that excluding lizards that did not meet the learning criterion did not affect 

our results.  

Ethical Note 

All protocols in this study were approved by the Macquarie University Animal Ethics Committee 

(ARA 2014/036) and collection of lizards was approved by the New South Wales National Parks 

and Wildlife Service, Office of Environment and Heritage (SL100328). 
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RESULTS 

Association task 

The number of failed demonstrations was not significantly different between dominant or 

subordinate demonstrators (GLM: estimate = -0.3830, SE = 0.3672, z = -1.043, P= 0.297). 

Twenty-five of 27 (93%) of experimental lizards learnt the task. All 13 (100%) subordinate 

lizards learnt the task (9 social, 4 controls), whereas 12/14 (86%) of dominant lizards learnt the 

task (6 social, 6 control). The mean number of incorrect choices was 3.62 (SE = 0.64) for 

subordinate lizards and 3.07 (SE = 0.70) for dominant lizards. The mean number of incorrect 

choices was 3.94 (SE = 0.64) for social demonstration lizards and 2.30 (SE = 0.54) for control 

lizards. The mean number of trials it took for lizards to learn did not depend on treatment group 

or a lizard’s dominance status (Fig 1a & Table 1a). The standardised mean difference (Hedge’s g) 

between dominant social lizards and subordinate social lizards was -0.05 (95% CI = -1.00 to 

0.90). There was a trend for both dominant and subordinate control lizards to take fewer trials to 

learn than their social treatment counterparts (Fig. 1a), although this was not significant. The 

standardised mean difference (Hedge’s g) between subordinate social lizards and subordinate 

control lizards was 0.19 (95% CI = -0.99 to 1.37). Similarly, the standardised mean difference 

between dominant social lizards and dominant control lizards was 0.17 (95% CI = -0.89 to 1.23). 

The probability of choosing the correct dish did not depend on treatment group or a lizard’s 

dominance status (Table 2a). The probability of choosing the blue dish only also did not differ 

between treatment group or a lizard’s dominance status, but depended on the SVL of the lizard 

(Table 2a). If SVL is an adequate proxy of the age of the lizard, a marginally significant effect of 

SVL on the probability to displace the correct dish only, may actually reflect an age-dependent 

effect (Noble et al., 2014). Thus we tested whether SVL and treatment group influenced the 

probability of displacing the lid from the correct dish and fitted an interaction term between SVL 

and treatment group. We predicted smaller (potentially younger) lizards in the social group to 

have a higher probability to displace the lid from the correct dish compared to the control lizards. 

The probability of choosing the correct dish only did not depend on the SVL of a lizard or 

treatment group (SVL × treatment SOCIAL: estimate = -1.05, 95% credible interval =  -2.97 to 

1.34). This suggests that slopes do not differ across treatment groups. We removed the interaction 

term and re-ran the model and found that treatment and SVL predicted the probability of 
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choosing the correct dish only, however these effects were marginally significant (see 

supplementary materials). The latency to displace the blue lid did not differ between treatment 

group or a lizard’s dominance status (Table 3a).  

Reversal task 

The number of failed demonstrations between dominant or subordinate demonstrators was not 

significantly (estimate = -1, SE = 0.6872, z = -1.455, P= 0.166) different. All lizards attempted 

over 85% of trials, suggesting motivation did not affect their learning. Twenty-five of 28 (89%) 

experimental lizards learnt the task. All 14 (100%) subordinate lizards learnt the task (9 social, 5 

controls), whereas 11/14 (79%) of dominant lizards learnt the task (7 of which were social and 4 

were controls). The mean number of incorrect choices was 5.29 (SE = 1.11) for subordinate 

lizards and 7.50 (SE = 1.60) for dominant lizards. The mean number of incorrect choices was 

7.35 (SE = 1.29) for social demonstration lizards and 4.91 (SE = 1.44) for control lizards. The 

mean number of trials it took for lizards to learn differed between treatment groups and 

dominance status (Fig. 1b, Table 1b), however this differences this was marginally significant 

(Table 1b). The standardized mean difference (Hedge’s g) between subordinate social lizards and 

subordinate control lizard was 0.17 (95% CI = -0.92 to 0.27), where as the effect size negligible 

for the other groups subordinate social vs subordinate control = 0.00, 95% CI = -1.10 to 1.09; 

dominant social vs. subordinate social = 0.00, 95% CI = -1.09 to 1.10). The probability of 

choosing the correct dish did not differ between treatment groups or a lizard’s dominance status 

(Table 2b). The probability of choosing the white dish only also did not differ between treatment 

groups or a lizard’s dominance status  (Table 2b). The latency to displace the white lid also did 

not differ between treatment groups or a lizard’s dominance status (Table 3b).  
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Figure 1. Predicted mean number of trials to learn (a) the association task and (b) the reversal 

task for dominant (DOM) and subordinate (SUB) lizards in the social demonstration treatment 

(social) and control treatment (control). SVL was set at the mean. Error bars represent standard 

error. One subordinate control lizard was excluded in the association task, as it did not meet the  

motivation criterion.  

Table 1. Estimates and standard errors (SE) from a generalised linear model (GLM) examining 
the effects of a lizard’s dominance status (dominant or subordinate), treatment group (social or 
control) and standardised SVL[! − !(!)/!(!)] on the mean number of trials it took for a lizard to 
learn the a) association task (N = 27) and b) the reversal task (N = 28). Italicised estimates are 
marginally significant (p<0.10) 
 a) Association Task  b) Reversal Task 
 Estimate SE Estimate SE 
Intercept 2.18 0.20 1.88 0.30 
Status DOM -0.29 0.26 0.70 0.36 
Treatment SOCIAL 0.13 0.24 0.57 0.36 
Scaled SVL 0.11 0.08 0.09 0.13 
Status DOM × Treatment SOCIAL 0.13 0.31 -0.76 0.44 
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Table 3. Estimates and standard errors (SE) from a linear mixed effects model examining the 
effects of a lizard’s dominance status (dominant or subordinate), treatment group (social or 
control), standardised SVL [! − !(!)/!(!)] and trial number on the log latency to displace a lid 
from the correct dish in the a) association task (observations = 484, N = 27) and b) the reversal 
task (observations = 701, N = 28).  
 a) Association Task b) Reversal Task 
 Estimate SE Estimate SE 
Intercept 5.96 0.36 5.39 0.35 
Status DOM -0.02 0.43 0.00 0.42 
Treatment SOCIAL -0.01 0.43 -0.09 0.42 
Scaled SVL -0.14 0.15 -0.09 0.16 
Trial number -0.05 0.01 -0.01 0.00 
Status DOM× Treatment SOCIAL -0.10 0.53 0.20 0.52 

Table 2. Posterior modes and highest posterior density intervals from a Bayesian Markov chain 
Monte Carlo generalised linear mixed effects model (MCMC-GLMM) examining the effects of a 
lizard’s dominance status (DOM or SUB), treatment group (social or control), standardised SVL 
[! − !(!)/!(!)] and trial number on the log odds of making a correct choice and the log odds of 
choosing the correct dish only in the a) association task (observations = 484, N = 27) and b) the 
reversal task (observations = 701, N = 28). Bolded estimates are significant. Italicised estimates 
are marginally significant (p<0.10) 
a) Association Task 
 Log odds of making correct 

choice  
Log odds of choosing correct 
dish only  

 Estimate Lower Upper Estimate Lower Upper 
Intercept -0.38 -1.94 1.81 -2.01 -5.11 -0.30 
Status DOM 2.21 -0.73 4.00 1.04 -1.45 4.23 
Treatment SOCIAL 0.03 -2.60 1.75 -1.38 -5.24 0.93 
Scaled SVL -0.36 -1.11 0.39 -1.19 -2.35 0.08 
Trial number 0.23 0.12 0.47 0.08 -0.07 0.28 
Status DOM ×
 Treatment SOCIAL 

-1.04 -3.97 1.48 -0.72 -3.49 4.06 

b) Reversal Task 
 Estimate Lower Upper Estimate Lower Upper 
Intercept 1.57 -0.29 3.66 -0.86 -3.79 2.02 
Status DOM -0.72 -3.08 1.81 -0.58 -5.52 1.95 
Treatment SOCIAL -1.92 -4.38 0.53 -1.03 -5.80 1.67 
Scaled SVL 0.12 -0.87 0.96 0.10 -1.30 1.35 
Trial number 0.08 -0.00 0.27 0.03 -0.07 0.20 
Status DOM ×
 Treatment SOCIAL 

1.80 -1.61 4.26 1.90 -2.84 6.62 
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DISCUSSION 

We show that viewing a demonstrator perform a foraging task did not accelerate learning in the 

social demonstration treatment compared to the control group. Therefore, the effects of a lizard’s 

dominance status did not influence social information use in a foraging context. Subordinate 

control lizards appear to have learnt the task faster compared to subordinate social lizards in the 

reversal task, although this effect was only marginally significant. There was also a trend for 

lizards in the social demonstration treatment to make more incorrect choices that control 

individuals in the reversal task, however the probability of making a correct choice did not 

depend on treatment group or a lizard’s dominance status. We discuss these results in light of 

previous work on social information use in E. quoyii and the ‘costly information hypothesis’, 

which posits that the costs of acquiring cheap, social information is traded-off against accuracy 

(Boyd & Richerson, 1995).  

 There was a marginal difference between subordinate control lizards and subordinate 

social lizards in the mean number of trials taken to learn. On average, subordinate control lizards 

learnt the task 5 trials faster than subordinate social lizards. However, this difference may be an 

artefact of the ‘sliding window’ nature of our learning criterion. Lizards were considered to have 

learnt the task if they chose the correct dish 5/6 consecutive times. If by chance, a lizard made an 

incorrect choice twice out of 6 consecutive trials, the lizard would need to choose correctly 

enough times to shift at least one of the incorrect choices out of the ‘criterion window’. The 

effect size comparing the social vs. control group suggests that the difference in the mean number 

of trials taken to learn, irrespective of dominance status, was very small. The interpretation of this 

marginally significant result should thus be taken with caution despite it suggesting that watching 

a demonstrator decreased the propensity to learn this task. It is possible that social inhibition may 

affect the behaviour of lizards in the social demonstration group. Drea and Wallen (1999) 

reported that subordinate rhesus monkeys (Macaca mulatta) that learned a colour discrimination 

task in isolation were unable to express this knowledge in the presence of a dominant individual. 

The presence of a dominant demonstrator may be quite stressful for subordinate experimental 

lizards and may have supressed their use of social information. Furthermore, social inhibition 

may have had a negative impact on learning ability as lizards in the social demonstration 
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treatment seem to have made more incorrect choices that the control group. However, given the 

effect sizes between these two groups are small, it is difficult to draw any substantial conclusions. 

Contrary to our predictions, the presence of social information did not allow lizards to 

learn the tasks more quickly than our control group. We may not have detected social information 

use because trial and error learning may not be particularly costly in our experiment. 

Experimental lizards have little to lose from displacing lids from both dishes, as they would still 

be rewarded even if they had chosen the incorrect dish first. If trial and error learning is relatively 

inexpensive compared to social information, individuals should rely on private information, as it 

may be more accurate (Boyd & Richerson, 1995; Kendal et al., 2005; Rieucau & Giraldeau, 

2011). Naïve European starlings (Sturnus vulgaris) ignored social information (sampling 

behaviour of a demonstrator) and relied on private information about the quality of a food patch 

when it was easy to acquire (Templeton & Giraldeau, 1996). As the difficulty of trial and error 

learning increased in a complex foraging environment, naïve starlings exploited social 

information to infer food patch depletion. Also, nine-spined sticklebacks initially rely on private 

information to make decisions about where to forage, however as private information becomes 

less reliable over time, sticklebacks switch to using social information (van Bergen, Coolen, & 

Laland, 2004). This suggests that the reliability and difficulty to acquire private information can 

affect the likelihood of social information use and may explain why we found no evidence of 

social information use in our experiment. 

Interestingly, we found no evidence that suggests that a lizards’ dominance status 

influenced social information use. A possible reason why we found this result may be due to how 

we size-matched the demonstrators and observers. Age and SVL are closely linked in lizards 

because they exhibit indeterminate growth (Halliday & Verrell, 1988). Noble et al. (2014) 

reported that, on average, young E. quoyii, in the presence of an old demonstrator, learnt an 

association task significantly faster than older lizards suggesting that individuals may not use 

social information when demonstrators are of a similar age or size. We may have effectively 

controlled for age effects when pairs of lizards were closely size-matched and randomised across 

our treatments. Exploiting social information from an individual of similar age may not be 

beneficial as they are likely to be ill-informed and the costs associated with doing so may be 
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substantial (Rieucau & Giraldeau, 2011). Thus, it may be more adaptive to learn from individuals 

that are older and therefore more experienced.  

 Naivety itself can be a strong driver of social information use in many systems (Duffy et 

al., 2009; Dugatkin & Godin, 1993; Noble et al., 2014). This is not surprising, as juveniles are 

able to shortcut trial and error learning during a vulnerable stage of their lives. In E. quoyii, 

young male lizards that are unable defend a territory may incur high energetic costs and be more 

at risk to predators. Hence, exploiting foraging skills from older males is likely to be 

advantageous as they may be more familiar with the environment. Studies have demonstrated that 

young, naïve individuals are able to copy mate preferences and foraging decisions by using the 

behaviour of older individuals (Duffy et al., 2009; Dugatkin & Godin, 1993; Galef Jr, 

Marczinksi, Murray, & Whiskin, 2001). For example, young female guppies (Poecilia reticulata) 

were more likely to exhibit the same mate choice as older female demonstrators, while old 

females showed no preference (Dugatkin & Godin, 1993). In nine-spined sticklebacks, small 

observers that are presumably young used social information from larger (potentially older) 

demonstrators to make decisions about where to forage (Duffy et al., 2009). This age-dependent 

pattern was also shown in Norway rats (Galef Jr et al., 2001) suggesting that there maybe strong 

selection on young individuals to learn from older conspecifics in order to alleviate some of the 

costs  associated with inexperience and trial and error learning. However, if a ‘copy-if-older’ 

strategy exists, this may put juveniles at risk to learn maladaptive behaviours from unsuccessful 

elders. Whether juveniles are able to distinguish adults of the same age but that differ in skill-

level warrants further investigation. 

Conclusions 

This is the first study to explore the effect of social dominance on social information use in a 

lizard. We demonstrated that dominance status does not affect the use of social information in E. 

quoyii in a foraging context. In light of these results and those found previously (Noble et al., 

2014) age differences among individuals and being young may be bigger drivers of social 

information use in this species. Due to the close association between dominance, size and age, it 

makes untangling these effects very difficult (Duffy et al., 2009). Future studies should try to 
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control for potential age effects that are likely to be confounded with social dominance when 

investigating its role in directed social learning 
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SUPPLEMENTARY MATERIALS 

Figure S1. Schematic overview of phases used to train lizards to displace a lid to access a food 

reward. Lizards must eat from the dishes 5 out of 6 consective times to advance to the next phase. 

Lizards that did not eat from both dishes in 2/3 consecutive trials in Phase 4 were given the an 

easier task (Phase 6). As lizards improved in Phase 6 and ate from both dishes in 2/3 conseuctive 

trials, they were returned to Phase 4 task. Lizards that struggled to eat from both fully covered 

dishes in the first two trials of Phase 5 were returned to Phase 4. Lizards that were assigned to be 

the demonstrator continued training after Phase 5.  

Table S1. Posterior modes and highest posterior density intervals from a Bayesian Markov chain 
Monte Carlo generalised linear mixed effects model (MCMC-GLMM) examining the effects of a 
standardised SVL [! − !(!)/!(!)], treatment group (social or control), a lizard’s dominance 
status (DOM or SUB) and trial number on the log odds of choosing the correct dish only in the 
reversal task (n = 710). Italicised estimates are marginally significant (p<0.10) 
 Estimate Lower Upper 
Intercept -2.25 -4.69 -0.52 
Scaled SVL -0.85 -2.07 0.24 
Treatment SOCIAL -1.35 -3.90 0.15 
Status DOM 0.09 -0.06 0.27 
Trial 1.23 -0.54 3.36 
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CONCLUSION AND FUTURE DIRECTIONS 

In summary, my thesis addressed two questions regarding the social dynamics in E. quoyii. How 

does prior contest experience affect behavior and the outcome of male contests and what 

consequences does the dominance status of an individual have on social information use. In 

chapter one, I showed that prior contest experience strongly influenced the likelihood for an 

individual to initiate a contest, and by doing so, initiators had a much higher probability of 

winning in non-escalated contests. In chapter two, I found that a lizard’s dominance status did not 

influence the use of social information in a foraging paradigm. However, my results in 

combination with previous work seems to suggest that the age of an observer relative to the 

demonstrator may play a more important role in social information use (Noble et al. 2014). I hope 

my work will broaden our understanding of winner-loser effects in reptiles and highlight the 

importance of considering the level of escalation in a contest in understanding predictors of 

contest outcome. Furthermore, irrespective of the exact social learning strategy employed by E. 

quoyii, my work shows that the use of social information is not indiscriminate and individuals 

adaptively choose when to learn from others and whom to learn from. Nonetheless, there are 

certainly many more questions to ask regarding contest competition, winner-loser effects and the 

strategies individuals employ to maximize social learning opportunities.  

1. What determines the outcome of escalated contests? 

Only thirty percent of my contests escalated to physical fighting. Due to a relatively small sample 

size, it is still unclear what the predictors of contest outcome are for these escalated contests. My 

results suggested that the total times a lizard bit his rival somewhat predicted the outcome of 

escalated contests. There are other potential factors that I did not consider that could be important 

in escalated fights. For example, the endurance capacities of the lizards could possibly influence 

the outcome of escalated fights because rivals often wrestle each other while grasping each 

other’s tails in their mouth. One would predict that lizards with greater endurance capacities are 

more likely to win because they are able to outlast a rival in prolonged fights. The duration or the 

number of bite holds (bite and lift of the tail), might also be a key predictor because extended bite 

holds may inflict more damage to a rival compared to multiple short-lasting bites. One prediction 

would be that, the longer a lizard grasps his opponent’s tail the more likely he would win. 

Moreover, endurance capacity of a lizard maybe associated with the duration of bite holds. In the 
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future, closely matching males in mass, SVL and prior contest experience will possibly increase 

the chance of contest escalation. Increasing the statistical power could thus increase the 

likelihood of detecting the factors that are important for escalated contests in E. quoyii. 

2. Rival assessment strategies  

Animals adopt assessment strategies to decide whether to escalate or to retreat from a fight. An 

individual’s decisions can either be based on an opponent’s fighting abilities (mutual assessment, 

Enquist, Leimar, Ljungberg, Mallner, & Segerdahl, 1990) or it can be based on the individual’s 

own energetic thresholds (self assessment, Mesterton-Gibbons, Marden, & Dugatkin, 1996; 

Payne, 1998). It is often implicitly assumed that animals adopt one global strategy for all types of 

contests, however recent studies have shown that animals are capable of employing different 

strategies at various stages of a contest (Garcia et al., 2012; Hsu, Lee, Chen, Yang, & Cheng, 

2008). For example, mangrove killifish uses mutual assessment during the early display stages of 

a contest (Hsu et al., 2008). Once the contest escalates to physical attacks, losers appear to use 

self-assessment to make decisions about when to retreat (Hsu et al., 2008). Both mutual and self 

assessment models make specific predictions about how contestants’ resource holding potential 

(RHP) can influence various aspects of contest dynamics such as duration and intensity. For 

example, in the cumulative assessment model (Payne, 1998), decisions to retreat from a fight is 

based on how long an individual can bear the costs inflicted by an opponent. Thus, contest 

duration is predicted to be strongly associated with the eventual loser’s RHP because weaker 

individuals will reach their cost thresholds first (Payne, 1998). Body size is often used as a proxy 

for RHP to test predictions of assessments models, however when RHP is strongly influenced by 

contest experience, as in E.quoyii, body size may not be a suitable proxy (Stuart-Fox, 2006). 

Moreover, according to my results, the effects of contest experience on RHP and contest outcome 

can vary depending on the level of escalation and this is likely to influence rival assessment. 

Stuart-Fox (2006) proposed the use of a composite measure of RHP that incorporates the effects 

of multiple morphological traits, as well as contest experience effects to test assessment model 

predictions. A useful study to conduct would involve testing the predictions of both self and 

mutual assessment models using a composite RHP proxy for both non-escalated and escalated 

contests in E. quoyii. Understanding the nature of assessment strategies will be important for the 

advancement of contest theoretical models. 
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3. Formation of dominance hierarchies 

Done and Heatwole (1977) reported that small groups of E. quoyii are capable of forming feeding 

hierarchies. Theoretical analyses have suggested that winner-loser effects play an important role 

in the hierarchy formation (Dugatkin, 1997; Dugatkin & Druen, 2004), however empirical 

support for this conclusion is lacking and winner-loser effects is always examined in pairwise 

interactions. Dugatkin (1997) developed a model that showed that winner effects alone were able 

to form unambiguous linear hierarchies. In contrast, when only loser effects were operating, the 

ranks of individuals were difficult to discern because losers were unmotivated to fight. 

Eulamprus quoyii may be a suitable candidate to empirically test these theoretical predictions 

because my results show that male contests are strongly influenced by prior contest experience. 

An interesting study would be to allow a sample of size-matched lizards to compete and ‘self-

select’ their own contest experiences. One would then allocate individuals into three treatments, 

i) a group of three prior losers, ii) a group of three prior winners, iii) a mixed group of both a 

prior winner and loser and a neutral competitor with no contest experience. One would predict 

that the ‘all prior winners’ treatment would be successful in forming a linear hierarchy, but the 

‘all prior losers’ treatment would not be. While in the mixed group, one can assess whether the 

prior winner emerged as top-ranking individual and prior loser occupied the lower rank. Testing 

these theoretical predictions will allow further understanding of the adaptive function of winner-

loser effects.  

4. Can young males distinguish between knowledgeable individuals? 

Previous results suggest that young male E. quoyii were able to learn an association task from a 

demosntrator (Noble, Byrne, & Whiting, 2014), and I have shown that this is not due to the 

confounding effects of dominance status between different age groups. Given that age seems to 

be a more important driver of information use, are all juveniles good learners? Moreover, are all 

adults good teachers? Sex biased social learning has been documented in a range of species 

(Aplin, Sheldon, & Morand-Ferron, 2013; Laland & Reader, 1999; van de Waal, Renevey, Favre, 

& Bshary, 2010) and may reflect differences in foraging and reproductive behaviours (Choleris & 

Kavaliers, 1999). For example in blue tits (Cyanistes caeruleus), young females are more likely 

to disperse and are twice as likely to acquire social information compared to young males (Aplin 

et al., 2013). This could be an adaptation to maximize foraging opportunities at a vulnerable 

stage. Another study found that in wild vervet monkeys (Chlorocebus pygerythrus), female 
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demonstrators promoted more social learning compared to male demonstrators (van de Waal et 

al., 2010). Female models may be more salient because they show a high degree of philopatry in 

this species (van de Waal et al., 2010). An interesting experiment in E.quoyii would involve 

pairing young females and males with either an adult female and male demonstrator and assess 

whether there are differences in the rate of social learning between each pair. Understanding how 

social learning is transmitted in reptile populations will bridge the knowledge gap between 

ectotherms and endotherms.  
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to 300 words. In the first instance, a preliminary outline of up to 600 words should be submitted 
online (see Contact details for submission below). The decision as to whether to proceed to a full 
review then rests with the Executive Editors or invited advisers. Contributions submitted on this 
basis will be subjected to the same refereeing process as normal manuscripts. 
 

Essays 
These should address fundamental issues relating to behaviour and provide new insights into the 
subject(s) they cover. In contrast to Reviews, Essays provide an opportunity for authors to 
express opinions, consider the subject area in a historical context and speculate on its future 
development. Essays should be no longer than 6000 words (excluding references) and should 
include an abstract of up to 300 words. In the first instance, a preliminary outline of up to 600 
words should be submitted online (see Contact details for submission below). The decision as to 
whether to proceed to a full essay then rests with the Executive Editors or invited advisers. 
Contributions submitted on this basis will be subjected to the same refereeing process as normal 
manuscripts. 
 

Commentaries 
The Commentaries section of the Journal provides an opportunity to raise issues of general 
importance to the study of behaviour, including statistical analysis, theory, methodology and 



 77 

ethics. Unless there are clearly broader implications for the study of behaviour as a whole, 
critiques of particular papers or issues of more local interest should be reserved for the Forum 
section (see below). Decisions as to whether borderline submissions are more appropriate to the 
Commentaries or Forum section rest with the Executive Editors. Contributions should be brief, 
normally not more than six printed pages, and should not contain an abstract. Methodological 
contributions may be longer, and may contain an abstract, subject to the discretion of the 
Executive Editors. The initial decision as to prima facie merit rests with the Executive Editors or 
invited advisers. Contributions with prima facie merit are subjected to the same refereeing 
process as normal manuscripts, but responses or complementary articles may be solicited by the 
Executive Editors at their discretion. Other contributions are returned unrefereed to the author(s). 
 

Forum 
The Forum section is published on ScienceDirect with contributions listed in the contents of the 
relevant hardcopy issue and cited as indicated in References below. The section accepts critiques 
of published papers relevant to the areas of interest of the Journal, and provides an opportunity 
for constructive exchanges on issues surrounding particular fields of study. Submission, review 
and acceptance procedures are as for Commentaries (see above), but there is no word limit. In the 
case of Forum critiques of published papers, the author(s) of the target article must be contacted 
and trivial points of difference or misunderstanding resolved; this correspondence must be 
submitted in a cover letter accompanying the Forum article with the knowledge of the author(s) 
of the target article. More general correspondence on matters relating to behavioural research is 
published, unrefereed, in the newsletters of ASAB and ABS. Such correspondence should be sent 
to the newsletter editors: Dr. Dr H. M. Rowland, Department of Zoology, University of 
Cambridge, Downing Street, Cambridge CB2 3EJ, UK, e-mail: 
asabnewslettereditor@gmail.com) for ASAB; Susan M. Bertram, Department of Biology, 
Carleton University, 1125 Colonel By Drive, Ottawa, ON K1S 5B6, Canada, e-mail: 
Sue_Bertram@carleton.ca) for ABS. 
 

Single and double blind peer review 
Animal Behaviour has instituted a double blind peer review process (i.e., where neither the 
authors' nor the reviewers' identities are known to each other). Reciprocal anonymity is suggested 
to provide a more objective and potentially less biased assessment of manuscripts, and help 
ensure that the process is fair to both junior and well-established scientists. The switch to double 
blind review requires some changes to editorial procedures, and we ask potential authors to pay 
close attention to our revised submission guidelines. Our policy with respect to reviewers is to 
allow them to waive anonymity if they wish, and in accord with this, authors may also choose to 
submit their papers without being blinded, giving both authors and reviewers maximum 
flexibility in how they wish their work and comments to be assessed. Animal Behaviour is one of 
the foremost journals in its field, and the implementation of double blind review aims at ensuring 
our reputation for integrity, fairness and openness to new ideas. 
 

Contact details for submission 
Authors should submit manuscripts online to http://ees.elsevier.com/anbeh. When submitting 
online, authors are requested to select the article type (Research paper, Review, Essay, 
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Review/Essay Proposal, Commentary, Forum). Each category of article is further divided into US 
and UK articles (e.g. US Research paper, UK Research paper, etc.) depending on whether the US 
or UK Editorial Office is responsible for processing the manuscript. Authors whose current 
address is in the Americas, or neighbouring islands, or who are members of the Animal Behavior 
Society should select the US article types and authors in other geographical areas or who are 
members of the Association for the Study of Animal Behaviour should select the UK article 
types. Hard copies are not required in addition to copies submitted online. Authors who are 
submitting a manuscript online for the first time should read the Author Tutorial on the 
submission site. For enquiries relating to submissions via EES, please contact the Journal 
Manager at Elsevier via e-mail (yanbe@elsevier.com). 
For other general correspondence: 
The address of the UK office is: Dr A.K. Turner, Managing Editor, Animal Behaviour Editorial 
Office, School of Life Sciences, University of Nottingham, University Park, Nottingham NG7 
2RD, U.K. (fax: (0) 115 9 513 249, e-mail: angela.turner@nottingham.ac.uk). 
The address of the US office is: Kris Bruner, Managing Editor, Animal Behaviour Editorial 
Office, Indiana University, 407 N. Park Avenue, Bloomington, IN 47408, U.S.A; e-mail: 
krbruner@indiana.edu). Correspondence about book reviews handled through the North 
American office should be sent to: Dr P. Loesche, Department of Psychology, Box 351525, 
University of Washington, Seattle, WA 98195, U.S.A. (e-mail: loes@uw.edu). 
Resubmitted manuscripts should also include a detailed explanation of how the author has dealt 
with each of the reviewers' and Editor's comments. These comments should be uploaded as 
'Revision Comments' on EES. 
 

BEFORE YOU BEGIN 

Ethics in publishing 
Animal Behaviour publishes papers by scientists conducting research at locations around the 
globe. Publication is, therefore, based upon mutual trust between publisher and authors. 
Professional integrity  in  the  conduct  and  reporting  of  research  is  an  absolute  requirement  
of  publication in the journal, as is a willingness to share information with other members of the 
scientific community. Consequently, as a condition of publication in Animal Behaviour, authors 
must agree both to honour any reasonable request for materials or methods needed to verify or 
replicate experiments reported in the journal and to make available, upon request, any data sets 
upon which published studies are based. Anyone who encounters a persistent refusal to comply 
with these guidelines, or has reason to suspect some other departure from acceptable standards of 
scientific conduct, should contact the appropriate Executive Editor (European or American) of 
the journal. The Executive Editors will act in accordance with the guidelines of the Committee 
for Publication Ethics (http://www.publicationethics.org) and may inform an author's institution 
of a purported infraction. Statements on scientific integrity by the Association for the Study of 
Animal Behaviour and Animal Behavior Society can be found at, respectively, 
http://www.asab.org and http://.animalbehaviorsociety.org. 
 

Originality and plagiarism 
As noted in Elsevier's publishing and ethical guidelines, authors should ensure that they have 
written entirely original works. If authors have used the work, data, or words of others or their 
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own earlier publications, please ensure that this has been appropriately cited or quoted. Please 
also declare such overlaps in the cover letter on submission. 
Plagiarism takes many forms, from 'passing off' another's paper as the author's own paper, to 
copying or paraphrasing substantial parts of another's paper or indeed one's own earlier paper 
(without attribution), to claiming results from research conducted by others. Plagiarism in all its 
forms constitutes unethical publishing behaviour and is unacceptable. All manuscripts are 
automatically put through a plagiarism check program and flagged results are evaluated 
individually. 
 
For further information on Ethics in Publishing and Ethical guidelines for journal publication, see 
also http://www.elsevier.com/publishingethics and http://www.elsevier.com/ethicalguidelines. 
 

Animal welfare 
The research should adhere to the ASAB/ABS Guidelines for the Use of Animals in Research 
(updated in each January issue of the Journal and on the Journal Web site: 
http://cdn.elsevier.com/promis_misc/ ASAB2006.pdf), the legal requirements of the country in 
which the work was carried out, and all institutional guidelines. The Guide to Ethical Information 
Required for Animal Behaviour Papers (http://cdn.elsevier.com/promis_misc/ethyanbe.doc) 
should be consulted and its requirements met. ASAB and ABS endorse the ARRIVE guidelines 
for reporting experiments using live animals 
(http://www.nc3rs.org.uk/downloaddoc.asp?id=1206&page=1357&skin=0). Animal Behaviour 
has exceptionally high standards for animal care for both vertebrates and invertebrates. In 
addition to the usual requests for permit and agency approval numbers, we would frequently like 
more information to address concerns that the animals were treated as well as possible given the 
constraints of the experimental design. 
 

Conflict of interest 
All authors are requested to disclose any actual or potential conflict of interest including any 
financial, personal or other relationships with other people or organizations within three years of 
beginning the submitted work that could inappropriately influence, or be perceived to influence, 
their work. See also http://www.elsevier.com/conflictsofinterest. Further information and an 
example of a Conflict of Interest form can be found at: 
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923. 
 
Animal Behaviour will not consider submissions that have been published elsewhere, nor will it 
republish data found in other publications, unless the data are re-evaluated to provide new 
information not found in the original. Abstracts that both appear in published conference 
proceedings with ISBNs or ISSNs, such as special editions of journals, and provide explicit 
quantitative summaries of the key results, are considered as prior publication. Overlap between 
submitted manuscripts and published abstracts containing qualitative descriptions of the 
manuscript will be allowed, provided that such abstracts are not verbatim reproductions of the 
abstract contained within the submitted manuscript. Include details of all abstracts and other 
published materials in a cover letter accompanying the submitted manuscript on EES. 
 



 80 

Submission declaration and verification 
Submission of an article implies that the work described has not been published previously 
(except in the form of an abstract or as part of a published lecture or academic thesis or as an 
electronic preprint, see http://www.elsevier.com/sharingpolicy), that it is not under consideration 
for publication elsewhere, that its publication is approved by all authors and tacitly or explicitly 
by the responsible authorities where the work was carried out, and that, if accepted, it will not be 
published elsewhere in the same form, in English or in any other language, including 
electronically without the written consent of the copyright-holder. To verify originality, your 
article may be checked by the originality detection service CrossCheck 
http://www.elsevier.com/editors/plagdetect. 
 

Changes to authorship 
This policy concerns the addition, deletion, or rearrangement of author names in the authorship of 
accepted manuscripts:  
 
Before the accepted manuscript is published in an online issue: Requests to add or remove an 
author, or to rearrange the author names, must be sent to the Journal Manager from the 
corresponding author of the accepted manuscript and must include: (a) the reason the name 
should be added or removed, or the author names rearranged and (b) written confirmation (e-
mail, fax, letter) from all authors that they agree with the addition, removal or rearrangement. In 
the case of addition or removal of authors, this includes confirmation from the author being 
added or removed. Requests that are not sent by the corresponding author will be forwarded by 
the Journal Manager to the corresponding author, who must follow the procedure as described 
above. Note that: (1) Journal Managers will inform the Journal Editors of any such requests and 
(2) publication of the accepted manuscript in an online issue is suspended until authorship has 
been agreed. 
After the accepted manuscript is published in an online issue: Any requests to add, delete, or 
rearrange author names in an article published in an online issue will follow the same policies as 
noted above and result in a corrigendum. 
 

Article transfer service 
This journal is part of our Article Transfer Service. This means that if the Editor feels your article 
is more suitable in one of our other participating journals, then you may be asked to consider 
transferring the article to one of those. If you agree, your article will be transferred automatically 
on your behalf with no need to reformat. Please note that your article will be reviewed again by 
the new journal. More information about this can be found here: 
http://www.elsevier.com/authors/article-transfer-service. 
 

Copyright 
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing 
Agreement' (for more information on this and copyright, see http://www.elsevier.com/copyright). 
An e-mail will be sent to the corresponding author confirming receipt of the manuscript together 
with a 'Journal Publishing Agreement' form or a link to the online version of this agreement. 
 



 81 

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for 
internal circulation within their institutions. Permission of the Publisher is required for resale or 
distribution outside the institution and for all other derivative works, including compilations and 
translations (please consult http://www.elsevier.com/permissions). If excerpts from other 
copyrighted works are included, the author(s) must obtain written permission from the copyright 
owners and credit the source(s) in the article. Elsevier has preprinted forms for use by authors in 
these cases: please consult http://www.elsevier.com/permissions. 
 
For open access articles: Upon acceptance of an article, authors will be asked to complete an 
'Exclusive License Agreement' (for more information see 
http://www.elsevier.com/OAauthoragreement). Permitted third party reuse of open access articles 
is determined by the author's choice of user license (see 
http://www.elsevier.com/openaccesslicenses). 
 

Author rights 
As an author you (or your employer or institution) have certain rights to reuse your work. For 
more information see http://www.elsevier.com/copyright. 
 

Role of the funding source 
You are requested to identify who provided financial support for the conduct of the research 
and/or preparation of the article in the Acknowledgments section of the manuscript. 
 

Funding body agreements and policies 
Elsevier  has  established  a  number  of  agreements  with  funding  bodies  which  allow  authors 
to  comply  with  their  funder's  open  access  policies.  Some  authors  may  also  be  reimbursed 
for associated publication fees. To learn more about existing agreements please visit 
http://www.elsevier.com/fundingbodies. 
 

Open access 
This journal offers authors a choice in publishing their research: 
 

Open access 
• Articles are freely available to both subscribers and the wider public with permitted reuse 
• An open access publication fee is payable by authors or on their behalf e.g. by their research 
funder or institution 
 

Subscription 
• Articles are made available to subscribers as well as developing countries and patient groups 
through our universal access programs (http://www.elsevier.com/access). 
• No open access publication fee payable by authors. 
 



 82 

Regardless of how you choose to publish your article, the journal will apply the same peer review 
criteria and acceptance standards. 
 
For open access articles, permitted third party (re)use is defined by the following Creative 
Commons user licenses: 
 

Creative Commons Attribution (CC BY) 
Lets others distribute and copy the article, create extracts, abstracts, and other revised versions, 
adaptations or derivative works of or from an article (such as a translation), include in a collective 
work (such as an anthology), text or data mine the article, even for commercial purposes, as long 
as they credit the author(s), do not represent the author as endorsing their adaptation of the 
article, and do not modify the article in such a way as to damage the author's honor or reputation. 
 
Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) 
For non-commercial purposes, lets others distribute and copy the article, and to include in a 
collective work (such as an anthology), as long as they credit the author(s) and provided they do 
not alter or modify the article. 
 
The open access publication fee for this journal is USD 2200, excluding taxes. Learn more about 
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing. 
 

Green open access 
Authors can share their research in a variety of different ways and Elsevier has a number of green 
open access options available. We recommend authors see our green open access page for further 
information (http://elsevier.com/greenopenaccess). Authors can also self-archive their 
manuscripts immediately and enable public access from their institution's repository after an 
embargo period. This is the version that has been accepted for publication and which typically 
includes author-incorporated changes suggested during submission, peer review and in editor-
author communications. Embargo period: For subscription articles, an appropriate amount of 
time is needed for journals to deliver value to subscribing customers before an article becomes 
freely available to the public. This is the embargo period and begins from the publication date of 
the issue your article appears in. 
 
This journal has an embargo period of 24 months. 
 

Language and language services 
Write manuscripts in British English and preferably in the active voice. Authors who are unsure 
of correct English usage should have their manuscript checked by someone proficient in the 
language. Manuscripts in which the English is difficult to understand may be returned to the 
author for revision before scientific review. Papers that are accepted but incorrectly prepared or 
whose English is poor, may also be subject to delays in the press. After acceptance, the Editorial 
Offices will edit papers in accordance with the house style and will help authors to communicate 
effectively. 
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Authors who require information about language editing and copyediting services pre- and post- 
submission please visit http://www.elsevier.com/languagepolishing or our customer support site 
at http://epsupport.elsevier.com for more information. Please note Elsevier neither endorses nor 
takes responsibility for any products, goods or services offered by outside vendors through our 
services or in any advertising. For more information please refer to our Terms & Conditions: 
http://www.elsevier.com/termsandconditions 
 

Submission 
Our online submission system guides you stepwise through the process of entering your article 
details and uploading your files. The system converts your article files to a single PDF file used 
in the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article 
for final publication. All correspondence, including notification of the Editor's decision and 
requests for revision, is sent by e-mail. 
 
Before submitting online, make sure you have the following details: all authors' names and 
addresses and their permission to proceed with submission, the details of any 
licences/permits/institutional approval you had for the study, suggestions for referees and any 
opposed referees. You will need to upload a cover letter, title page, acknowledgments and 
manuscript.
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Submit your article 
Please submit your article via http://ees.elsevier.com/anbeh. 
 

Referees 
Please submit, with the manuscript, the names and e-mail addresses of 4 potential referees. 
In case of double blind peer review, please make sure that all text that may reveal your identity is 
excluded from the source files. 
 

PREPARATION 

NEW SUBMISSIONS 
Submission to this journal proceeds totally online and you will be guided stepwise through the 
creation and uploading of your files. The system automatically converts your files to a single 
PDF file, which is used in the peer-review process. 
As part of the Your Paper Your Way service, you may choose to submit your manuscript as a 
single file to be used in the refereeing process. This can be a PDF file or a Word document, in 
any format or lay- out that can be used by referees to evaluate your manuscript. It should contain 
high enough quality figures for refereeing. If you prefer to do so, you may still provide all or 
some of the source files at the initial submission. Please note that individual figure files larger 
than 10 MB must be uploaded separately. 
 

Your Paper Your Way 
There are no strict requirements on reference formatting at submission. References can be in any 
style or format as long as the style is consistent. However, please don't use numbers for the 
references in the text and list them alphabetically in the Reference section. Where applicable, 
author(s) name(s), journal title/book title, chapter title/article title, year of publication, volume 
number/book chapter and the pagination must be present. Use of DOI is highly encouraged. The 
reference style used by the journal will be applied to the accepted article by Elsevier at the proof 
stage. Note that missing data will be highlighted at proof stage for the author to correct. 
 

Formatting requirements 
There are no strict formatting requirements but all manuscripts must contain the essential 
elements needed to convey your manuscript, for example Title page, Abstract, Keywords, 
Introduction, Methods, Results, Discussion, References, Tables, Figure Legends, Figures, and 
bulleted Highlights summarizing your article. If your article includes any Videos and/or other 
Supplementary material, this should be included in your initial submission for peer review 
purposes. Divide the article into clearly defined sections. 
 

Line numbering and double spacing text 
Please ensure the text of your paper is double-spaced and has consecutive line numbering – this is 
an essential peer review requirement. 
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Figures and tables embedded in text 
Please ensure the figures and the tables included in the single file are placed next to the relevant 
text in the manuscript, rather than at the bottom or the top of the file. 
 

REVISED SUBMISSIONS 

Language 
Please write your text in good English (British usage only is accepted). Use decimal points (not 
decimal commas); use a space for thousands (10 000 and above). 
 

Use of word processing software 
Regardless of the file format of the original submission, at revision you must provide us with an 
editable file of the entire article. Keep the layout of the text as simple as possible. Most 
formatting codes will be removed and replaced on processing the article. The electronic text 
should be prepared in a way very similar to that of conventional manuscripts (see also the Guide 
to Publishing with Elsevier: http://www.elsevier.com/guidepublication). See also the section on 
Electronic artwork. 
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check' 
functions of your word processor. 
 

Article structure 
Subdivision - unnumbered sections 
Divide your article into clearly defined sections. Each subsection is given a brief heading. Each 
heading should appear on its own separate line. Subsections should be used as much as possible 
when cross- referencing text: refer to the subsection by heading as opposed to simply "the text". 
 
The usual main headings for Research papers are: Methods, Results, Discussion, 
Acknowledgments and References (no heading is used for the Abstract or Introduction). Papers 
should not be forced to fit into this pattern of headings, however, if they do not naturally do so. 
Type main headings in capitals on a separate line on the left of the page. Type subheadings in 
italics at the left of the page on a separate line, and begin the main words with a capital letter. 
Type sub-subheadings in italics on a new line, aligned full left. Start the text on a new line after 
subheadings and sub-subheadings. When presenting multiple experiments, authors may use main 
headings for the titles of each experiment, with the Methods and Results of each experiment 
listed as subheadings. Try to keep subheadings short enough to fit within a single column. 
 

Introduction 
State the objectives of the work and provide an adequate background, avoiding a detailed 
literature survey or a summary of the results. 
The Introduction should be brief, not normally exceeding two manuscript pages. Keep references 
to a minimum by citing reviews rather than primary research papers where appropriate. 
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Methods 
Provide sufficient detail to allow the work to be reproduced. Methods already published should 
be indicated by a reference: only relevant modifications should be described. 
Give the names and addresses of companies providing trademarked products. Always state 
sample sizes (the number of animals used in the study) and the age, sex, breed/strain and source 
of animals. Full details of testing or observational regimes should be given. If captive animals 
were used, include details of housing conditions relevant to the study (e.g. cage size and type, 
bedding, group size and composition, lighting, temperature, ambient noise conditions, 
maintenance diets) both during the study and during any period before the study that might bear 
on the results. The Methods section may also contain a description of the kinds of statistics used 
and the activities that were recorded. Ethical note. Where ethical considerations arise from the 
study, these should be addressed in the Methods, either in the main Methods section itself (where 
the additional discussion is relatively minor), or in a separate subsection of the Methods headed 
Ethical note. Any ethical implications of the experimental design and procedures should be 
identified, and any licences acquired to carry out the work specified. Procedures that were taken 
to minimize the welfare impact on subjects, including choice of sample sizes, use of pilot tests 
and predetermined rules for intervention, should be described. Any steps taken to enhance the 
welfare of subjects (e.g. through 'environmental enrichment') should also be indicated. If the 
study involved keeping wild animals in captivity, state for how long the animals were captive and 
whether, where and how they were returned to the wild at the end of the study. 
 

Results 
Results should be clear and concise. This section should include only results that are relevant to 
the hypotheses outlined in the Introduction and considered in the Discussion. The text should 
complement material given in Tables or Figures but should not directly repeat it. Give full details 
of statistical analysis either in the text or in Tables or Figure legends. Include the type of test, the 
precise data to which it was applied, the value of the relevant statistic, the sample size and/or 
degrees of freedom, and the probability level. Number Tables and Figures in the order to which 
they are referred in the text. Means and standard errors/standard deviations (and medians and 
interquartile ranges/confidence limits), with their associated sample sizes, are given in the format 
X +SE = 10.20+1.01 g, N = 15, not X = 10.20, SE = 1.01, N = 15. 
For significance tests, give the name of the test followed by a colon, the test statistic and its 
value, the degrees of freedom or sample size (whichever is the convention for the test) and the P 
value (note that F values have two degrees of freedom). The different parts of the statistical 
quotation are separated by a comma. Note use of italics for F, P, N and other variables. 
If the test statistic is conventionally quoted with degrees of freedom, these are presented as a 
subscript to the test statistic. For example: 
 
ANOVA: F1,11 = 7.89, P = 0.017 
Kruskal-Wallis test: H11 = 287.8, P = 0.001 
Chi-square test: X22 = 0.19, P = 0.91 
Paired t test: t12 = 1.99, P = 0.07 
 
If the test is conventionally quoted with the sample size, this should follow the test statistic value. 
For example: 
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Spearman rank correlation: rs = 0.80, N = 11, P < 0.01 
Wilcoxon signed-ranks test: T = 6, N = 14, P < 0.01 
Mann-Whitney U test: U = 74, N1 = N 2 = 17, P < 0.02 
 
P values for significant outcomes can be quoted as below a threshold significance value (e.g. P < 
0.05, 
0.01, 0.001), but wherever possible should be quoted as an exact probability value. Departure 
from a significance threshold of 0.05 should be stated and justified in the Methods. Marginally 
nonsignificant outcomes can be indicated as exact probability values or as P < 0.1. Nonsignificant 
outcomes should be indicated with an exact probability value whenever possible, or as NS or P > 
0.05, as appropriate for the test. 
 
State whether a test is one tailed or two tailed (or specific or nonspecific in the case of Meddis' 
nonparametric ANOVAs). One-tailed (or specific) tests should be used with caution. Their use is 
justified only when there are strong a priori reasons for predicting the direction of a difference or 
trend and results in the opposite direction can reasonably be regarded as equivalent to no 
difference or trend at all. Authors are referred to Kimmel (1957, Psychological Bulletin, 54, 315-
353). 
 
Do not quote decimals with naked points, for example quote 0.01, not .01, or normally to more 
than three decimal places (the exception being P values for significance tests, which may be 
quoted to four decimal places where appropriate, e.g. 0.0001). 
 
Regressions and analyses of variance. The significance of regressions should be tested with F or t 
but not the correlation coefficient r. R2 should be quoted with both regressions and parametric 
analyses of variance. 
 
Multiple range tests. Unplanned multiple range tests following ANOVA should be avoided 
unless their appropriateness for the comparisons in question is verified explicitly. Authors are 
referred to the review by Day and Quinn (1989, Ecological Monographs, 59, 433-463). 
 
Power tests. Where a significance test based on a small sample size yields a nonsignificant result, 
explicit consideration should be given to the power of the data for accepting the null hypothesis. 
Authors are referred to Thomas and Juanes (1996, Animal Behaviour, 52, 856-859) and 
Colegrave and Ruxton (2003, Behavioral Ecology, 14, 446-447) for guidance on the appropriate 
use of power tests. Providing a value for power based on a priori tests is preferred. Values of 
observed power are not appropriate. Authors should consider effect sizes and their confidence 
intervals in drawing conclusions regarding the null hypothesis. 
 
Transformations. Where data have been transformed for parametric significance tests, the nature 
of the transformation and the reason for its selection (e.g. log x, x 2, arcsine) should be stated. 
 

Discussion 
It is often helpful to begin the Discussion with a summary of the main results. The main purpose 
of the Discussion, however, is to comment on the significance of the results and set them in the 
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context of previous work. The Discussion should be concise and not excessively speculative, and 
references should be kept to a minimum by citing review articles as much as possible. 
 

Conclusions 
The main conclusions of the study may be presented in a short Conclusions section, as a 
subsection of a Discussion or Results and Discussion section. 
 

Appendices 
If there is more than one appendix, they should be identified as 1, 2, etc. Formulae and equations 
in appendices should be given separate numbering: equation (A1), equation (A2), etc. 
 

Essential title page information 
Title. This should be brief and informative, and should not exceed 120 characters. Avoid 
abbreviations, as well as part numbers unless the papers are to be published consecutively in the 
same issue of the Journal. 
 

Author names and affiliations. 
Where the family name may be ambiguous (e.g. a double name), please indicate this clearly. 
Present the authors' affiliation addresses (where the actual work was done) below the names. 
Indicate all affiliations with a lower-case superscript letter immediately after the author's name 
and in front of the appropriate address. Affiliations should not include street, box number, postal 
(zip) code, country (when that is obvious) or city, state, province, etc., when that is redundant 
with the University name. 
 
Corresponding author. Clearly indicate who is willing to handle correspondence at all stages of 
refereeing and publication, also post-publication. Ensure that telephone and fax numbers (with 
country and area code) are provided in addition to the e-mail address and the complete postal 
address. 
 
Correspondence. At the bottom of the page, give the full postal address and e-mail address (if 
desired) of the corresponding author and the present addresses of any co-authors if different from 
their affiliations; e-mail addresses of co-authors may also be given. 
 
Word count. Include a word count for the text. 
 
Reviews. These should address fundamental issues relating to behaviour and provide new 
insights into the subject(s) they cover. Original interdisciplinary syntheses are especially 
welcome. Reviews should be no longer than 6000 words (excluding references) and should 
include an abstract of up to 
300 words. In the first instance, a preliminary outline of up to 600 words should be submitted 
online (as a Review proposal). The decision as to whether to proceed to a full review then rests 
with the Executive Editors of invited advisers. Contributions submitted on this basis will be 
subjected to the same refereeing process as normal manuscripts. 
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Essays. These should address fundamental issues relating to behaviour and provide new insights 
into the subject(s) they cover. In contrast to Reviews, Essays provide an opportunity for authors 
to express opinions, consider the subject area in a historical context and speculate on its future 
development. Essays should be no longer than 6000 words (excluding references) and should 
include an abstract of up to 300 words. In the first instance, a preliminary outline of up to 600 
words should be submitted online (as an Essay proposal). The decision as to whether to proceed 
to a full essay then rests with the Executive Editor or invited advisers. Contributions submitted on 
this basis will be subjected to the same refereeing process as normal manuscripts. 
 

Title document 
The title document should contain the title of the article, all affiliations of the corresponding 
author and co-authors and the corresponding author's address. In case of double blind peer 
review, this information should not appear in any other file, in order not to yield the authors 
identity to the reviewer. 
 

Abstract 
The Abstract should describe the purpose of the study, outline the major findings and state the 
main conclusions. It should be concise, informative, explicit and intelligible without reference to 
the text. Abstracts should usually be limited to 300 words. Use both common and scientific 
names of animals at first mention in the Abstract unless they are given in the title. Avoid using 
references; if used, give the journal name, volume and page numbers, or the book title and 
publisher. 
 

Highlights 
Highlights are mandatory for this journal for research articles, essays, reviews, commentaries and 
forum articles. They consist of a short collection of bullet points that convey the core findings of 
the article and should be submitted in a separate file in the online submission system. Please use 
'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters including 
spaces and each bullet point should be on a separate line). See 
http://www.elsevier.com/highlights for examples. 
 

Keywords 
Immediately after the abstract, provide up to 10 keywords, using British spelling and avoiding 
general and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing with 
abbreviations: only abbreviations firmly established in the field may be eligible. 

Abbreviations 
Define abbreviations that are not standard in this field at their first mention in the abstract and the 
main text. Ensure consistency of abbreviations throughout the article. 
 

Acknowledgements 
Collate acknowledgements in a separate section at the end of the article before the references and 
do not, therefore, include them on the title page, as a footnote to the title or otherwise. List here 
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those individuals who provided help during the research (e.g., providing language help, writing 
assistance or proof reading the article, etc.). 
 

Nomenclature and units 
Follow internationally accepted rules and conventions: use the international system of units (SI). 
If other quantities are mentioned, give their equivalent in SI. 
 

Math formulae 
Present simple formulae in the line of normal text where possible. Single-letter variables should 
be italics. Number consecutively any equations that have to be displayed separately from the text. 
 

Footnotes 
Use footnotes only to add information below the body of a Table (using superscript letters or 
numbers), for probability values in Figures and Tables (using multiple asterisks) and, on the title 
page, for authors' affiliations (using an asterisk for the corresponding author and superscript 
letters for authors' affiliations). Superscript numbers may be used for coauthors' e-mail addresses 
and/or changes of address, and other information such as a deceased author. 

 

Artwork 

Image manipulation 
While it is accepted that authors sometimes need to manipulate images for clarity, manipulation 
for purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with 
accordingly. For graphical images, this journal is applying the following policy: no specific 
feature within an image may be enhanced, obscured, moved, removed, or introduced. 
Adjustments of brightness, contrast, or colour balance are acceptable if and as long as they do not 
obscure or eliminate any information present in the original. Nonlinear adjustments (e.g. changes 
to gamma settings) must be disclosed in the figure legend. 
 
Electronic artwork 
General points 
• Make sure you use uniform lettering and sizing of your original artwork. 
• Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier. 
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Indicate per figure if it is a single, 1.5 or 2-column fitting image. 
• For Word submissions only, you may still provide figures and their captions, and tables within a 
single file at the revision stage. 
• Please note that individual figure files larger than 10 MB must be provided in separate source 
files. A detailed guide on electronic artwork is available on our website: 
http://www.elsevier.com/artworkinstructions. 
You are urged to visit this site; some excerpts from the detailed information are given here. 
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Formats 
Regardless of the application used, when your electronic artwork is finalized, please 'save as' or 
convert the images to one of the following formats (note the resolution requirements for line 
drawings, halftones, and line/halftone combinations given below): 
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'. 
TIFF (or JPG): Colour or greyscale photographs (halftones): always use a minimum of 300 dpi. 
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi. 
TIFF (or JPG): Combinations bitmapped line/half-tone (colour or greyscale): a minimum of 500 
dpi is required. 
Please do not: 
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is 
too low. 
• Supply files that are too low in resolution. 
• Submit graphics that are disproportionately large for the content. 
 

Colour artwork 
If, together with your accepted article, you submit usable colour figures, then Elsevier will 
ensure, at no additional charge, that these figures will appear in colour on the Web (e.g. 
ScienceDirect and other sites) and in the printed version. For further information on the 
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions. Please 
note: Because of technical complications that can arise by converting colour figures to 
"greyscale" (for the printed version should you not opt for colour in print) please submit in 
addition usable black and white versions of all the colour illustrations. 
 

Figure captions 
Ensure that each illustration has a caption. A caption should comprise a brief title (not on the 
figure itself) and a description of the illustration. Keep text in the illustrations themselves to a 
minimum but explain all symbols and abbreviations used. 
 

Tables 
Number tables consecutively, with Arabic numerals, in accordance with their appearance in the 
text. Place footnotes to tables below the table body and indicate them with superscript symbols. 
Be sparing in the use of tables and ensure that the data presented in tables do not duplicate results 
described elsewhere in the article. Do not divide tables into two or more parts. Tables should not 
contain vertical rules, and the main body of the table should not contain horizontal rules. Large 
tables should be narrow (across the page) and long (down the page) rather than wide and short, so 
that they can be fitted into the column width of the Journal. 
 

References 

Citations in the text 
 
Check that all references in the text are in the reference list and vice versa, that their dates and 
spellings match, and that complete bibliographical details are given, including page numbers, 
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names of editors, name of publisher and full place of publication if the article is published in a 
book. References cited in the Abstract must be given in full. Unpublished results are not 
recommended in the reference list. If these references are included in the reference list, they 
should follow the standard reference style of the journal. Check foreign language references 
particularly carefully for accuracy of diacritical marks such as accents and umlauts. For papers in 
the course of publication, use 'in press' to replace the date and give the journal name in the 
references. 
 

Web references 
Because of the ephemeral nature of many Web sites, other Web citations will be reviewed by the 
Editors to ensure they are appropriate to an archival journal. As a minimum, the full URL should 
be given. Any further information, if known (DOI, author names, dates, reference to a source 
publication, etc.), should also be given. 
 

References in a special issue 
Please ensure that the words 'this issue' are added to any references in the list (and any citations in 
the text) to other articles in the same Special Issue. 
 

Reference management software 
Most    Elsevier    journals    have    a    standard    template    available    in    key    reference 
management    packages.    This    covers    packages    using    the    Citation    Style    Language, 
such  as  Mendeley  (http://www.mendeley.com/features/reference-manager)  and  also  others 
like EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager 
(http://refman.com/downloads/styles). Using plug-ins to word processing packages which are 
available from the above sites, authors only need to select the appropriate journal template when 
preparing their article and the list of references and citations to these will be formatted according 
to the journal style as described in this Guide. The process of including templates in these 
packages is constantly ongoing. If the journal you are looking for does not have a template 
available yet, please see the list of sample references and citations provided in this Guide to help 
you format these according to the journal style. 
 
If you manage your research with Mendeley Desktop, you can easily install the reference style 
for this journal by clicking the link below: 
http://open.mendeley.com/use-citation-style/animal-behaviour 
When preparing your manuscript, you will then be able to select this style using the Mendeley 
plug- ins for Microsoft Word or LibreOffice. For more information about the Citation Style 
Language, visit http://citationstyles.org. 
 

Reference formatting 
There are no strict requirements on reference formatting at submission. References can be in any 
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal 
title/book title, chapter title/article title, year of publication, volume number/book chapter and the 
pagination must be present. Use of DOI is highly encouraged. The reference style used by the 
journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing 
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data will be highlighted at proof stage for the author to correct. If you do wish to format the 
references yourself they should be arranged according to the following examples: 
 

Reference style 
Text citations: Follow the referencing style used by the American Psychological Association. 
You are referred to the Publication Manual of the American Psychological Association, Fifth 
Edition, ISBN 978-1-4338-0561-5, copies of which may be ordered from 
http://books.apa.org/books.cfm? id=4200067 or APA Order Dept., P.O.B. 2710, Hyattsville, MD 
20784, U.S.A. or APA, 3 Henrietta Street, London, WC3E 8LU, U.K. 
 
For text citations with: 
(a) One or two authors: give each author's surname and the year of publication. 
(b) Three to five authors: give each author's surname and the year of publication at first mention; 
at subsequent mention, give the first author's surname followed by "et al." and the year of 
publication. (exception: when two or more sources shorten to the same form (i.e. they have the 
same primary author but different multiple coauthors), list as many of the coauthors' surnames as 
needed to distinguish between the sources, followed by a comma and 'et al.': Zuur, Ieno, et al., 
2009; Zuur, Walker, et al., 2009). 
(c) Six or more authors: give the first author's surname followed by "et al." and the year of 
publication 
(but see exception above). 
 
Note that 'et al.' is not in italics. Use a comma to separate the author from the date. Use lower-
case letters to distinguish between two papers by the same authors in the same year (e.g. Packer, 
1979a, 
1979b). When two or more primary authors have the same surname, include the primary author's 
initials in all text citations (A. T. Smith & Ivins, 1987; F. V. Smith & Bird, 1964). List multiple 
citations in alphabetical, then chronological, order (e.g. Arnold, 1981a, 1981b; Halliday, 1978; 
Nussey et al., 
2011; Sih, in press-a, in press-b; Zuur, Ieno, Walker, Saveliev, & Smith, 2009), using a 
semicolon to separate each reference. In running text, use 'and' instead of '&' before the final 
name in a multiple- author citation: 'as described in Smith and Jones (2013)'. 
 

Reference List: 
 
References should be arranged first alphabetically and then further sorted chronologically if 
necessary. For sources with more than six authors, include the surnames and initials of the first 
six authors, followed by 'et al'. More than one reference from the same author(s) in the same year 
must be identified by the letters "a", "b", "c", etc., placed after the year of publication "(2012a)". 
In press sources by the same author(s) must be identified as "(in press-a)","(in press-b)", etc. 
 
Examples: 
 
Reference to a periodical: 
 



 94 

Buttelmann, D., Carpenter, M., Call, J., & Tomasello, M. (in press). Chimpanzees, Pan 
troglodytes, recognize successful actions, but fail to imitate them. Animal Behaviour. Retrieved 
from http://dx.doi.org/10.1016/j.anbehav.2013.07.015 
 
Robinson, M. H., & Robinson, B. (1970). The stabilimentum of the orb web spider, Argiope 
argentata: 
an improbable defense against predators. Canadian Entomologist, 102, 641-645. 
 
Reference to a book: 
 
Bailey, N. J. (1981). Statistical methods in biology (2nd ed.). London, U.K.: Unibooks. 
 
Reference to an article in an edited book: 
Emlen, S. T. (1978). The evolution of cooperative behaviour in birds. In J. R. Krebs, & N. B. 
Davies 
(Eds.), Behavioural ecology (pp. 245-281). Oxford, U.K.: Blackwell Scientific. 
 
Ketterson, E. D., Nolan, V., Jr., Casto, J. M., Buerkle, C. A., Clotfelter, E. D., Grindstaff, J. L., et 
al. (2001). Testosterone, phenotype, and fitness: a research program in evolutionary behavioral 
endocrinology. In A. Dawson & C. M. Chaturvedi (Eds.), Avian endocrinology (pp.19 - 40). New 
Delhi, India: Narosa. 
 
Reference to a thesis: 
 
Bower, J. L. (2000). Acoustic interactions during naturally occurring territorial conflict in a song 
sparrow neighborhood (Doctoral dissertation). Ithaca, NY: Cornell University. 
 
Brewis, J. M. (1981). The population dynamics and growth of the freshwater crayfish 
Austvopotamobius pallipes in an aqueduct in Northumbria (Doctoral thesis). Durham, U.K.: 
Durham University. Retrieved from http://etheses.dur.ac.uk/7546/ 
 
Note that journal titles in the reference list should be written in full. 
 
For publications in any Latin script language other than English, give the original title and, in 
brackets, the English translation. Titles of publications in non-Latin scripts should be 
transliterated. Work accepted for publication but not yet published should be referred to as "in 
press". 
Cite "personal communications" in the text only. Provide the initials and surname(s) for personal 
communications and give the date of the personal communication (as exact as possible), 
separated by a comma (A. Smith, personal communication, 9 September 2013). 
 

Video and Audio Data 
Elsevier accepts video/audio material and animation sequences to support and enhance your 
scientific research. Authors who have video, audio or animation files that they wish to submit 
with their article are strongly encouraged to include links to these within the body of the article. 
This can be done in the same way as a figure or table by referring to the video, audio or 
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animation content and noting in the body text where it should be placed. All submitted files 
should be properly labeled so that they directly relate to the video/audio file's content. In order to 
ensure that your video or animation material is directly usable, please provide the files in one of 
our recommended file formats with a preferred maximum size of 50 MB. Video, audio and 
animation files supplied will be published online in the electronic version of your article in 
Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com. Please supply 
'stills' with your files: you can choose any frame from the video or animation or make a separate 
image. These will be used instead of standard icons and will personalize the link to your 
video/audio data. For more detailed instructions please visit our video instruction pages at 
http://www.elsevier.com/artworkinstructions. Note: since video, audio and animation cannot be 
embedded in the print version of the journal, please provide text for both the electronic and the 
print version for the portions of the article that refer to this content. 
 

AudioSlides 
The journal encourages authors to create an AudioSlides presentation with their published article. 
AudioSlides are brief, webinar-style presentations that are shown next to the online article on 
ScienceDirect. This gives authors the opportunity to summarize their research in their own words 
and to help readers understand what the paper is about. More information and examples are 
available at http://www.elsevier.com/audioslides. Authors of this journal will automatically 
receive an invitation e-mail to create an AudioSlides presentation after acceptance of their paper. 
 

Supplementary material 
Elsevier accepts electronic supplementary material to support and enhance your scientific 
research. Supplementary files offer the author additional possibilities to publish supporting 
applications, high- resolution images, background datasets, sound clips and more. Supplementary 
files supplied will be published online alongside the electronic version of your article in Elsevier 
Web products, including ScienceDirect: http://www.sciencedirect.com. In order to ensure that 
your submitted material is directly usable, please provide the data in one of our recommended file 
formats. Authors should submit the material in electronic format together with the article and 
supply a concise and descriptive caption for each file. For more detailed instructions please visit 
our artwork instruction pages at http://www.elsevier.com/artworkinstructions. 
 

Database linking 
Elsevier encourages authors to connect articles with external databases, giving readers access to 
relevant databases that help to build a better understanding of the described research. Please refer 
to relevant database identifiers using the following format in your article: Database: xxxx (e.g., 
TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking 
for more information and a full list of supported databases. 
 

Google Maps and KML files 
KML (Keyhole Markup Language) files (optional): You can enrich your online articles by 
providing KML or KMZ files which will be visualized using Google maps. The KML or KMZ 
files can be uploaded in our online submission system. KML is an XML schema for expressing 
geographic annotation and visualization within Internet-based Earth browsers. Elsevier will 
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generate Google Maps from the submitted KML files and include these in the article when 
published online. Submitted KML files will also be available for downloading from your online 
article on ScienceDirect. For more information see http://www.elsevier.com/googlemaps. 
 

Submission checklist 
The following list will be useful during the final checking of an article prior to sending it to the 
journal for review. Please consult this Guide for Authors for further details of any item. 
Ensure that the following items are present: 
One author has been designated as the corresponding author with contact details: 
• E-mail address 
• Full postal address 
• Telephone 
All necessary files have been uploaded, and contain: 
• Keywords 
• All figure captions 
• All tables (including title, description, footnotes) Further considerations 
• Manuscript has been 'spell-checked' and 'grammar-checked' 
• Manuscript should have continuous line numbers and double spacing 
• All references mentioned in the Reference list are cited in the text, and vice versa 
• Permission has been obtained for use of copyrighted material from other sources (including the 
Web) 
• Color figures are clearly marked as being intended for color reproduction on the Web (free of 
charge) 
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in 
print 
• If only color on the Web is required, black-and-white versions of the figures are also supplied 
for printing purposes 
For any further information please visit our customer support site at http://support.elsevier.com. 
 

AFTER ACCEPTANCE 
Use of the Digital Object Identifier 
The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The 
DOI consists of a unique alpha-numeric character string which is assigned to a document by the 
publisher upon the initial electronic publication. The assigned DOI never changes. Therefore, it is 
an ideal medium for citing a document, particularly 'Articles in press' because they have not yet 
received their full bibliographic information. Example of a correctly given DOI (in URL format; 
here an article in the journal Physics Letters B): 
http://dx.doi.org/10.1016/j.physletb.2010.09.059 
When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to 
change. 
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Proofs 
One set of page proofs in PDF format will be sent by e-mail to the corresponding author. Elsevier 
now sends PDF proofs which can be annotated; for this you will need to download Adobe 
Reader© version 
7 (or higher) available free from http://www.adobe.com/products/acrobat/readstep2.html. 
Instructions on how to annotate PDF files will accompany the proofs. The exact system 
requirements are given at the Adobe site: http://www.adobe.com/products/reader/systemreqs. If 
you do not wish to use the PDF annotations function, you may list the corrections (including 
replies to the Query Form) in an e-mail. Please list your corrections quoting line number. If, for 
any reason, this is not possible, then mark the corrections and any other comments (including 
replies to the Query Form) on a printout of your proof and return by fax, or scan the pages and e-
mail, or by post. Please use this proof only for checking the typesetting, editing, completeness 
and correctness of the text, tables and figures. Significant changes to the article as accepted for 
publication will only be considered at this stage with permission from the Editor. We will do 
everything possible to get your article published quickly and accurately. Therefore, it is important 
to ensure that all of your corrections are sent back to us in one communication: please check 
carefully before replying, as inclusion of any subsequent corrections cannot be guaranteed. 
Proofreading is solely your responsibility. Note that Elsevier may proceed with the publication of 
your article if no response is received. 
 

Author's discount 
Contributors to Elsevier journals are entitled to a 30% discount on most Elsevier books, if 
ordered directly from Elsevier. 
 

Offprints 
The  corresponding  author,  at  no  cost,  will  be  provided  with  25  free  paper  offprints,  or, 
alternatively,  a  personalized  link  providing  50  days  free  access  to  the  final  published 
version   of   the   article   on   ScienceDirect.   This   link   can   also   be   used   for   sharing   
via email  and  social  networks.  For  an  extra  charge,  more  paper  offprints  can  be  ordered 
via  the  offprint  order  form  which  is  sent  once  the  article  is  accepted  for  publication. Both 
corresponding and co-authors may order offprints at any time via Elsevier's WebShop 
(http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed copies of 
multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate multiple 
articles within a single cover (http://webshop.elsevier.com/myarticleservices/booklets). 
 

AUTHOR INQUIRIES 
You can track your submitted article at http://www.elsevier.com/track-submission. You can track 
your accepted article at http://www.elsevier.com/trackarticle. You are also welcome to contact 
Customer Support via http://support.elsevier.com. 
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