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Abstract 

 

Behavioural traits have the potential to vary enormously both within- and among-

individuals, and over much shorter timescales than most other traits. In a population, 

animals of the same species can show consistent among individual behavioural variation 

across time and situations. We tested the behaviour of European field cricket, G. campestris 

in a natural population living in and around their burrows. We examined potential 

differences between the sexes in age-related changes in trait expression across the adult 

lifespan and investigated among individual variation in daily activity patterns. Our 

prediction is that crickets will change their patterns of activity with age, and that the pattern 

of this change will differ between the sexes. Following individuals of both sexes through 

their adult lives, we recorded a range of behaviours, including how often they moved in 

and out of their burrows, how long they spent in or out, how quickly they left a burrow 

after fleeing inside to escape predation, and whether they fed. By analysing the behaviour 

of crickets living in the wild as they aged, we found that this early effort may take a toll on 

males:  Males declined in their physical performance as they aged, whereas females did 

not. We found evidence for senescent declines in two of the traits in males, but not in 

females. Males moved less often and spent less time outside their burrow as they aged, 

whereas females showed no age-related changes in either trait. Both sexes spent more time 

at the entrance of their burrows with age, and neither sex showed age-related changes in 

the time to leave the burrow after fleeing. We found evidence of among-individual 

differences in 3 traits (how many times the cricket moved in and out of its burrow (moves), 

how long it spent outside the burrow (outside) and how likely it was to be observed feeding 

(feeding) according to the time of day. We found evidence for sex differences in 2 traits 

(feeding, outside) whereas there is no evidence of sex differences for moves. Our findings 

support the prediction that males senesce faster than females; experiments in nature will be 

needed to determine whether this pattern arises from the trade-offs that have been 

hypothesised. 

 

Keywords: Aging, wild behaviour, Gryllus, diel activity, chronotype, senescence, 

personality.
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                                                                                          Chapter 1 

INTRODUCTION 

 

Animals typically produce an extensive range of behaviour over their lifespan 

(Shelton and Martins, 2017). Some types of behaviour change with experience and age. 

(Bateson and Gluckman, 2012). Other types of behaviour change are influenced by 

reproductive, circadian and different seasonal cycles (Ferguson and Maier, 2013; Bell-

Pedersen et al., 2005). Lastly, some types of behaviour are context dependent, and 

individuals may behave in totally different ways relying upon the circumstance in which 

they are found (Shelton and Martins, 2017). The study of individual variations has a rich 

history located in the fields of behavioural genetics, behavioural ecology, sociobiology, 

developmental psychology, studies of learning and cognition and personality theory. Each 

area field has its own goals, levels of explanation and associated techniques (Foster, 1995). 

 

Scientists studying differences in various animal species have usually concerned 

about individual variations in behaviour (Hayes and Jenkins, 1997; Gosling, 2001). 

Behavioural differences have been generally considered as noise around an adaptive 

population mean. Behavioural difference was interpreted as plasticity or alternative tactics 

(Gross, 1996).  Behavioural traits have the potential to vary enormously both within- and 

among-individuals, and over much shorter timescales than most other traits (Bell et al., 

2009). Individual variation is calculated statistically by decomposing the total phenotypic 

variance in repeated measures datasets into within-individual and among-individual 

variance component (Dingemanse and Dochtermann, 2013). In populations, investigating 

within and among-individual variations is of great importance to understanding how 

selection shapes phenotypes (Fisher et al., 2015). 
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1.1 Among-individual variation 

Animals behave differently from one another for many interrelated extrinsic and 

intrinsic reasons, and this behavioural variation can both enhance and constrain 

evolutionary change (Foster, 2013). The significance of among-individual variation is 

gradually recognized in ecological research, such as community ecology (Bolnick et al., 

2011) and behavioural ecology (Dall et al., 2012). The presence of among-individual 

difference affects a wide range of main processes such as biological invasions (Chapple et 

al., 2012), dispersal (Edelaar et al., 2008), population dynamics (Vindenes and Langangen, 

2015), predator–prey interactions (Pettorelli et al., 2015), range expansions (Duckworth 

and Badyaev, 2007) and rates of senescence (Nussey et al., 2008). Behavioural differences 

among individuals can affect how animals interact with their environment, and can 

influence the consequence of biotic interactions such as competition, parasitism, 

cooperation, mate choice and predation (Wolf and Weissing, 2012). In the wild, many 

animals adjust their behaviour in response to environmental changes (i.e., behavioural 

plasticity), and furthermore, the extent of behavioural plasticity may vary between 

individuals (Nussey et al., 2007; Biro et al., 2010). Variations between individuals, which 

are reliant on restricted individual plasticity, are well-known (Bell et al., 2009).  

 

There are two main themes in the study of behavioural differences in animals.  

The first theme is that individuals may constantly differ from one another in the manner 

they respond to challenges or stimuli. This variation is repeatable across time and possesses 

a heritable component (Stamps and Groothuis, 2010; Wilson, 1998). The second theme is 

that different traits may be connected across different contexts (Bell, 2005). In a population, 

animals of the same species can show consistent among-individual behavioural variation 

across time and situations (Sih et al. 2004a; Réale et al. 2007). These consistent individual 

variations have been presented to be prevalent throughout animal taxa (Bell et al. 2009). 

Recent studies have provided evidence for consistent among individual behavioural 

differences under ecologically significant conditions and timescales (Taylor and Cooke, 

2014; Harrison et al., 2015). Such consistent among-individual differences have been 

detected in various animal taxa, such as insects, fish, birds and mammals (Gosling, 2001). 
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The study of consistent behavioural variation in animals is complicated with numerous 

concepts surrounding it. There is abundant variety in how researchers from various fields 

examine this variation and this is frequently supposed to adversely affect the study of the 

phenomenon (Phillips and Peck, 2007; Brydges, 2008).  

 

Latest studies have highlighted that such among-individual differences in behaviour 

are persistent and expected to be adaptive (Dall et al., 2004; Smith and Blumstein, 2008; 

Bell et al., 2009). There has been a surge of concern in the study of consistent among 

individual behavioural variation (i.e., temperament, coping styles, personality, and 

behavioural syndromes) because it might hold important answers to ultimate and proximate 

questions regarding animal behaviour (Réale et al., 2007; Sih and Bell, 2008). The study 

of consistent among individual behavioural variation offers an opportunity for 

understanding seemingly non-adaptive behaviour (Johnson and Sih, 2005) along with some 

of the persistent difference about adaptive peaks of behaviour (Dall et al., 2004). These 

consistent among individual behavioural differences within and between contexts are 

important for the dynamics of animal populations (Smith and Blumstein, 2008). Fisher et 

al. (2015) investigated the potential for field crickets to show consistent among-individual 

variation in activity levels over their adult lifetime and across contexts. 

 

1.2 Personality 

In animal behaviour personality can be defined as behavioural differences among 

individuals within a population that are consistent through time or context (Dall et al., 2004; 

David and Dall, 2016). Over the last two decades, the interest in animal personality has 

increased enormously and has developed into a popular research field in behavioural 

ecology (Carere and Mastripieri, 2013; David and Dall, 2016; Hedrick, 2017). Personality 

is unique for an individual (Uher, 2011). Different synonyms for personality, like 

temperaments (Réale et al., 2007), individuality (Réale et al., 2007), coping styles 

(Koolhaas et al., 1999) and behavioural syndromes (Sih et al., 2004) are being used. 

However, temperament is a more restrictive word than personality. Temperament only 

includes behaviours involving activity, attention and affection. For instance, feeding 
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behaviours are normally not used under the term temperament (Uher, 2011). Behavioural 

variations can occur in single or multiple traits. Commonly described personality traits 

include shyness/boldness, activity, exploration, aggression and sociability, (Réale et al., 

2007). When these personality traits are related with each other they are called behavioural 

syndromes (Sih et al., 2004a). The term behavioural syndrome describes behaviour on 

population level while the term ‘personality’ describes behaviour on an individual level. 

Because behavioural syndrome describes correlations in individual behavioural differences 

at a population level, within-individual consistency of the behaviour is not necessary (Uher, 

2011). 

 

Personality traits (shyness/boldness, activity, exploration, aggression and 

sociability) define the main part of an individual’s behaviour in several situations (e.g., 

foraging, mating, dispersal, dominance interactions and parental care) (Careau and 

Garland, 2012). The basis of personality traits can be categorized into three parts: 

phenotypic variation, repeatability and a genetic basis (Réale et al., 2007). The first part, 

phenotypic variation, is caused by the interaction between variation in the environment and 

genetic variance. The second part is the genetic basis of personality. The difference 

between the genetic basis and genetic variance is that genetic variance (in combination 

with variation in the environment) causes variation in the phenotype of the animals and the 

genetic basis is an indication of the heritability of personality. The heritability gives an 

indication of the amount of phenotypic variation caused by genetic variation (Ledón-

Rettiget al., 2012). Last, repeatability is important to confirm the consistency of the 

personality across different contexts, observers or through time. An equivalent word for 

repeatability is reliability. Repeatability gives a sign to which degree a test is reliable in 

being repeatable and yielding similar outcome (Réale et al., 2007). When a group of 

individuals is found continually within a given situation, we can guess the proportion of 

behavioural difference described by individual variations in their mean values, known as 

repeatability (Lessells and Boag, 1987). Significant repeatability gives indication for 

persistent individual behavioural variation. Short-term repeatability over the course of a 

few hours or days (David et al. 2012) may relate to individuals’ “states” (Houston & 
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McNamara, 1999), with longer-term repeatability over individuals’ lifespans (Bell et al., 

2009) being described in terms of behavioural type or “personality” (Dall et al., 2004).  

 

 It is widely recognised that the study of animal personality in the wild is dynamic 

(Bell 2012; Niemelä and Dingemanse, 2014). Studies of animal personality in wild allow 

for assessment of significant effects on fitness (Smith and Blumstein, 2008) and have the 

potential to recognize variations in the expression of behavior both in the laboratory and in 

the wild (Archard and Braithwaite, 2010).   

 

1.3 Within-individual variation  

Individuals may vary in their responsiveness to some context or gradient. Within-

individual variation in behaviour has recently got attention in the context of individual 

behavioural “plasticity” (Dingemanse et al., 2010; Stamps and Groothuis, 2010). 

Ecological study has focused on how within-individual behavioural variation mediates 

ecological processes (Duckworth, 2009; Glazier, 2015; Nussey et al., 2005). Whereas, in 

non-human animal research, within-individual behavioural variation has been generally 

unnoticed (Stamps et al. 2012). Within-individual variation is also known as intra-

individual variation (Siegler, 1994; Salthouse, 2007; Ram and Gerstorf, 2009). Research 

suggests that within-individual behavioural variation can change with experience and over 

time (MacDonald et al. 2009; Bielak et al. 2010). Many behaviour patterns differ with 

experience and age (Bateson and Gluckman, 2012). There is evidence for significant 

changes in foraging activity with age (e.g. Catry et al., 2006; Lecomte et al., 2010).   

 

1.4 Aging 

Aging or senescence is the process of cellular and somatic deterioration that causes 

age-related declines in survival, performance, and reproduction (Partridge and Barton, 

1996). According to Nussey et al., (2008), aging is a within-individual process caused by 

decline in physiological and molecular process. This deterioration increases an individual’s 

likelihood of death and declines its probability of effectively reproducing (Nussey et al., 

https://www.sciencedirect.com/topics/medicine-and-dentistry/reproductive-medicine
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2008). Aging may have significant evolutionary and ecological effects (Roach and Carey, 

2014) and it is hence not unexpected that evolutionary biologists have been fascinated in 

detailing its presence in natural populations for a long time. 

 

 Senescent declines in reproduction and survival are now well-documented in wild 

animals, including short-lived vertebrate and invertebrate species (Nussey et al., 2013). 

However, beyond simply identifying the occurrence of aging in the wild, our understanding 

of ageing remains greatly dependent upon a small number of laboratory studies in 

conditions that usually involve abundant food, no disease and predators. Moreover, 

existing laboratory studies cannot provide a comprehensive explanation for the incredible 

variation in aging rates detected both among and within species in natural environment. To 

understand the evolutionary ecology of aging we need to test hypotheses about aging in its 

natural environment (Partridge and Gems, 2007). 

 

 In the last few decades, it has become obvious that age-related decline in 

physiological condition is ubiquitous in nature. A growing number of field studies have 

identified senescent declines across a broad range of taxa, including insects ((Bonduriansky 

and Brassil, 2002; Rodríguez-Muñoz et al., 2018 a,b). Aging can have significant effects 

on individual fitness, even in the wild (Bonduriansky and Brassil, 2002). One of the big 

challenges for understanding aging in the wild population is to recognize why trait-specific 

age lines differ among species (Nussey et al., 2009) and between individuals, across sexes 

(Tafani et al., 2013). Aging is a within-individual process and the precise measurement of 

within-individual variations in phenotype through ages is thus essential to its study. 

However, unravelling the contributions of between-individual phenotypic heterogeneity 

from the within-individual ageing process in free living populations has verified to be 

challenging (van de Pol and Verhulst, 2006).  Even when all animals in a population are 

observed constantly from birth to death, describing and detecting within-individual ageing 

patterns in natural population is difficult. Studies of senescence in wild populations need 

to exactly define the average pattern of aging within individuals, then to try to describe 

variation in aging patterns among individuals. The main purpose of any evolutionary 

analysis of aging is to evaluate within-individual ageing patterns and, eventually, describe 

https://www.sciencedirect.com/science/article/pii/S053155651530036X#bb0615
https://www.sciencedirect.com/science/article/pii/S053155651530036X#bb0615
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/natural-population
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/wild-animal
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/wild-animal
https://www.sciencedirect.com/science/article/pii/S053155651530036X#bb0475
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among-individual, between-population or between species level differences in those 

patterns (Nussey et al., 2008). 

 

Studies of aging in natural environment have progressively measured change in 

multiple traits (behaviour, physiological function, reproduction and morphology) with age. 

These findings have revealed that, within populations age varies not only among 

individuals, but also within individuals (Bronikowski and Promislow, 2005; Nussey et al., 

2013). Aging rates in wild animals do not just differ among individuals, species and 

populations. There are visible differences in the onset, shape and rate of aging between 

different life-history traits (Bowen et al., 2006). Latest studies have emphasized how same 

species within a population may not all respond to aging in a similar way (Nussey et al., 

2007; Dingemanse et al., 2010). If individuals change with age differently, their level of 

behaviour compare to others may vary depending on the age they are measured (Kluen & 

Brommer, 2013). There is evidence that among-individual variance in behavioural traits 

increases with increasing age (Roberts and Del Vecchio, 2000; Dingemanse et al., 2012). 

Studies have revealed that the rates of decline in traits that contribute to the aging 

phenotype differ within individuals for different traits and across individuals among and 

within populations. It is exciting to ask what wider patterns in the rate of aging may occur 

across all species (Jones et al., 2014). 

 

Phenotypic traits that have received particular attention in studies of aging in the 

wild are foraging behaviour including predation effectiveness. It is evident that aging 

impairs physical activity in animals, such as insects (Schumacher et al., 1997), fish 

(Reznick et al., 2004), birds (Cosantini et al., 2008) and mammals (Punzo and Chavez 

2003).  Athletic senescence has been shown to decrease older animals’ capacity to catch 

prey (Fuller & Keith 1980). MacNulty et al. (2009) exhibited that predatory activity in 

wolves increased with age to a peak but then declined with age. Catry et al. (2006) 

confirmed that long lived birds show a senescent decline in both foraging performance and 

reproduction. Lecomte et al. (2010) reported similar patterns of aging in seabird, wandering 

albatross, and concluded that age strongly affected foraging behaviour and reproductive 

activity. Age-related declines in performance have been documented in laboratory studies 
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of insects such as housefly (Sohal and Buchan, 1981) and fruit fly (Le Bourg and Lints, 

1992). 

 

 Life-history theories of senescence make the clear prediction that patterns of aging 

should be sensitive to other aspects of life history strategies; an obvious example being 

potential differences in life history between females and males. Our aim is to examine the 

prediction that males should senesce faster than females. The basis of this prediction is that 

we should expect differences between the sexes in the costs and benefits associated with 

potential early-late life-history trade-offs (Trivers,1972). In particular, males may have 

greater potential than females to concentrate reproductive effort into a short space of time 

because they are not constrained by having to nurture developing eggs or offspring 

(Bonduriansky et al., 2008). 

 

Studies on mammals and birds have found consistent evidence that a higher 

intensity of intra-sexual competition in males is associated with a shorter lifespan relative 

to females (Clutton-Brock & Isvaran, 2007; Cornwallis et al., 2014; Promislow. 1992). 

However, shorter lifespan is not, in itself, evidence for senescence, because life expectancy 

is determined not only by the age-dependent increase in mortality rate due to senescence, 

but also the age-independent baseline mortality rate, which includes environmental 

components of mortality (Boonekamp et al., 2014; Monaghan et al., 2008). Such age-

independent environmental components of mortality are likely to cause sex-specific effects 

on lifespan because males might expose themselves to greater risks (for example predation) 

in pursuit of matings.   

 

Sex differences in senescence have been studied in only small number of wild 

animals including birds (Boonekamp et al., 2014; Holand et al., 2016) and mammals 

(Beirne et al., 2015; Nussey et al., 2009; Sparkman et al., 2017), and in captivity (Briga et 

al., 2017). Studies of senescence in wild invertebrates are limited to a handful of studies.  

It has been identified clear evidence for senescence in  G. campestris (Rodríguez-Muñoz 

et al., 2019b; Rodríguez-Muñoz et al., 2019c; Rodríguez-Muñoz et al., 2019d), but has not 

tackled sex differences; a study of Australian field crickets, Teleogryllus commodus 
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(Zajitschek et al., 2009b), which found no differences in the rate of senescence between 

females and males (although a study using naturalistic enclosures did identify faster 

senescence in females (Zajitschek et al., 2009a)); a study on damselflies where the sexes 

differed in baseline mortality rates but were not formally compared for rate of senescence 

(Sherratt et al., 2010); and a study of the fly Telostylinus angusticollis, which found 

evidence for senescence in males, but not in females (Kawasaki et al., 2008). 

 

Senescence is typically characterised as “the age-related decline in fitness traits that 

arises due to internal physiological deterioration” (Rose, 1991).  However, when 

understood in the context of life-history trade-offs it is clear that we should not expect to 

see a continuous decline in physiological performance, but rather a more complex pattern 

reflecting the life-history trade-offs that underpin traits.  Organisms need to grow and 

develop in order to reproduce. Even once an individual is reproductively mature, we expect 

to see increases in the expression of some traits as the capacity to express those traits 

develops (for instance many organisms grow continuously which affects the expression of 

numerous traits). The combination of the requirement for development, and trade-offs 

between reproduction and somatic maintenance mean that it is more appropriate to 

characterise senescence in terms of changes in the level of expression of traits.  This may 

include performance traits that continue to increase in their level of expression as an 

individual age, but reveal senescence through decelerations in the rate at which the 

expression of the trait increases. However, previous studies lack the level of comprehensive 

longitudinal information on age-specific trait expression that may allow us to identify sex-

dependent differences in the dynamics and inflection points relating to senescence. 

Therefore, our approach is to examine potential differences between the sexes in age-

related changes in trait expression across the adult lifespan.  Our prediction is that crickets 

will change their patterns of activity with age, and that the pattern of this change will differ 

between the sexes.  Broadly speaking we expect males to show a more rapid increase in 

activity as individuals complete their adult development, followed by earlier and faster 

declines in later life.  At the same time we expect individuals to become less risk averse as 

they age and their residual reproductive value declines (McNamara et al., 1991).     
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1.5 Diel activity pattern and chronotype 

Activity is a key characteristic of animal behaviour (Reale et al., 2007) and is often 

focused at certain times of the day, known as diel activity. Diel (24-hour cycle) activity 

patterns are common across animal species, and most species have set activity times, so 

that, generally, animals can be categorized as nocturnal, diurnal and crepuscular (Metcalfe 

et al., 1998; Kronfeld-Schor and Dayan, 2003). Diel activity patterns are usually such 

strongly fixed characters that other characteristics, for example, eye morphology, body 

coloration and communication methods, evolve to function most proficiently at the time of 

day when animals are most expected to be active (Brischoux et al., 2010).  

 

Some animals show within and among individual difference in diel activity, and in 

such animals, daily activity patterns can be affected by changing environmental conditions, 

such as season (Manfredi et al., 2011) and weather (Beltran and Delibes, 1994) or by social 

(Davidson and Menaker, 2003) and individual traits (Daan and Aschoff, 2001) by patterns 

of food availability (Theuerkauf et al., 2003) and interspecific competition (Wasserberg et 

al., 2006). Also the timing of predator activity (Lucherini et al., 2009), thermoregulatory 

issues, (Maloney et al., 2005), the dark-light regime (Heurich et al., 2014) and human 

activities (Theuerkauf and Rouys, 2008) can influence the activity of animals. For instance, 

more time might be spent in foraging where there is little availability of food resources 

(Stephens and Krebs, 1986) or activity might be confined to the coolest times of the day 

where climates are hotter (Ellis et al., 2010). 

 

Activity patterns have been documented across diverse taxa, from insects to 

mammals; numerous species participate in behaviours known to follow cyclic patterns 

within days (Nouvellet et al., 2012). Diel activity in insects is a most common phenomenon, 

with oviposition, migration, feeding, and mating more likely to occur at particular hours of 

day and night (Fullard et al., 2000; Feer and Pincebourde, 2005). Many insect activities 

happen in a specific area at the same time every day (Lewis and Taylor, 1964). Different 

timings for mating, migration and feeding can lead to use of a similar set of food resources 

by different insect groups (Devries et al., 2008). Activity patterns specific to particular 

javascript:void(0);
javascript:void(0);
javascript:void(0);


 

11 
 

times of the day have been documented in butterflies (Braby, 1995), where some butterflies 

species are active throughout the day, while other species show their most prominent 

activity during early afternoon, late afternoon and early morning (Novotny et al., 

1991; Fullard et al., 2000; Shapiro et al., 2003). Daily activity patterns and behaviours have 

been reported documented in diurnally active moths (Dreisig, 1985). Solitary desert locusts 

have been reported to be hidden during the day, spending more time either staying within 

bushes or resting on the ground (Steedman, 1988). Ottesen (1985) described diel activity 

patterns for a large number of species of carabid beetles, and observed that the most 

abundant Carabids are night-active. Faleiro (2005) found that the red palm weevil was most 

active between 12am and 6am. Hoenen (2005) examined the activity rhythms of the 

Brazilian cave cricket, Strinatia brevipennis. Diel rhythms of calling song have been 

reported in the cricket, Gryllus campestris, male G. campestris displayed three different 

diel patterns in the timing of their calling song: 55% of all males investigated were 

observed to sing in the dark, 25% in the light and 20% both in light and dark (Honegger, 

1981). However, despite its significance, within species variation in activity patterns is 

poorly understood for many animal species, even in captivity and because of the limitations 

of traditional field methodologies, among individual variation in diel activity in natural 

conditions is almost completely unexplored.  

 

The individual trait that describes the circadian activity pattern associated with 

sleeping, waking, and other daily activities is called the chronotype (Valladares, 2017). 

Although chronotypes are likely to be universal across animal taxa, only a few studies have 

confirmed the existence of chronotypes by investigating the amount of behavioural 

variation described by among-individual differences (Randler, 2014). A very large amount 

of work has been devoted to studying chronotypes or putative chronotypes in humans. It is 

evident that chronotype is associated with sleep behavior and personality factors in humans 

(Randler et al., 2017). Moreover, studies on chronotype and personality are well- reflected 

in reviews and meta-analysis (Adan et al., 2012; Tsaousis, 2010). Nielsen (2010) confirmed 

the relationship between chronotype and nightmare frequency in a large sample of women.  

Sleep Studies in animals are much less numerous, but demonstrate the existence of 

consistent among-individual differences in circadian-related behaviours, which are the 

javascript:void(0);
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result of the relationship between individual circadian clocks and the environment. These 

interactions define chronotypes (Roenneberg et al., 2007; Bloch et al., 2013; Rattenborg et 

al., 2017). There is some evidence for the existence of chronotypes in laboratory animals 

for instance, birds  (Aschoff and Wever, 1962), mammals (Labyak et al., 1997) and insects 

(Vaze et al., 2012). A few studies have focused on the existence of chronotypes in bird 

species (Dominoni et al., 2013; Steinmeyer et al., 2010; Stuber et al., 2014, 2015). Lehman 

et al. (2012) concluded that a change in temperature can affect the chronotype in bird, 

Parus major (great tit). Chronotypes are the main determining factor of reproductive 

performance in birds; for example, females select males with early awakening times (Helm 

and Visser, 2010). Alo´s et al. (2017) found the first evidence supporting the existence of 

chronotypes in fish focused on the Xyrichtys novacula (pearly razorfish). Refinetti et al. 

(2016) assessed behavioral chronotypes in sixteen mammalian species from mice to cattle, 

and examined variations in chronotype not only between species but also within and among 

individual differences in each species.  Hagenauer and Lee (2013) examined variations in 

physiological and behavioural sleep parameters during adolescence in different mammals, 

from rodents to primates. 
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1.6 Problem statement 

             Insects provide valuable and increasingly tractable models for research in natural 

population. This study was conducted to gain knowledge and understand the behavior of 

wild cricket in the field. The WildCrickets system presents an ideal opportunity to study 

the individual behaviours of an invertebrate in the wild. This study is an attempt to 

investigate daily activity patterns, among individual variation in these patterns and to 

examine how individual behaviour changes with age, using a wild population of wild field 

cricket G. campestris. Our prediction is that crickets would change their patterns of activity 

with age and this pattern would differ between males and females. We predict that there 

are significant among-individual differences in the behaviour of wild field cricket and 

theses differences would differ between males and females.   
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1.7 Aim and Objectives 

The aim of my study is to investigate daily activity patterns, among individual 

variation in these patterns and to examine how individual behaviour changes with age, 

using a wild population of wild field cricket G. campestris. 

The objectives of the study are as follows. 

1. To investigate the potential existence of predictable daily activity patterns across a range 

of traits in Gryllus campestris 

2. To investigate consistent differences in the timing of particular activities among individuals 

at different times of day 

3. To determine whether individuals change in the degree of expression of particular activities 

with age 

4. To determine whether individuals change in the timing of the expression of particular 

activities with age 

5. To determine whether males and females differ in how their behaviour changes with age  

6. To determine overall activity time budgets for these behaviours in male and female crickets 

7. To investigate differences in patterns of diel activity between males and females 
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                                                                                     Chapter 2 

REVIEW OF LITERATURE                                                       
 

2.1Aging 

 

Promislow, (1991) used mortality data from 56 wild populations of mammals to 

observe evidence for aging in natural populations. It is evident that, aging rate is higher in 

short-lived mammals with short generation times. However, senescent increases in 

mortality rate did not begin until well after age at maturity in most species. Current findings 

are in support of the hypothesis that aging rate is lower in large-brained species.  

 

Part et al. (1992) examined whether reproductive costs increase with age in females, 

as compared to weight losses and feeding rates of old and middle-aged females of collared 

flycatcher (Ficedula albicollis). A negative correlation was found between fledgling 

production and subsequent survival among old females but not among younger age 

females, which proposes that reproductive effort increases with age. Middle-aged females 

fed their nestlings not as much and lost less weight during the nestling period than did old 

females. A positive correlation was observed between feeding rates and weight loss. 

Meanwhile, there was no evidence that birds that lived long life were superior at all ages; 

the results proposed that old female birds increase their reproductive effort at the cost of a 

declined likelihood of surviving to the following year. 

 

Simmons and Zuk (1992) investigated the effects of age, body size and gregarine 

parasite load on the success at attracting mates and structure of calls in a wild population 

of the field cricket, Gryllus bimaculatus. A negative correlation was found between syllable 

rate within chirps and male size, and the duration of syllables was positively correlated to 

size. Older males had more variable syllable rates within their chirps. Solitary calling 

crickets were significantly younger than paired crickets. Parasitic infection did not 

influence the pairing success of old aged male crickets.  
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Tatar et al. (1997) described differences in senescence among different populations 

of grasshoppers. Experimental males from five populations were raised in each of 2 thermal 

culture conditions. Within each culture condition, the survival of adult cohorts from each 

population was measured. At each temperature, survival decreased, which showed that 

aging occurs under laboratory conditions. In both culture conditions, cohorts originating 

from high elevations populations had lower survival than did cohorts from low-elevation. 

Variation in body size along the altitudinal gradient did not affect the rate of aging. It is 

suggested that high-elevation population of grasshoppers has evolved accelerated aging as 

a direct or an indirect result of selection on reproductive schedules, which are possibly 

shortened by severe winter conditions at the high altitude. 

Gray and Cade (2000) studied senescence in the population of 2 species of field 

cricket, Gryllus pennsylvanicus and Gryllusinteger. G. integer males are host to a 

parasitoid fly, which attracts to the calling songs of male cricket. Consequently, males had 

shorter life span than females in the wild. In G. pennsylvanicus non-significant difference 

was observed in life expectancies between males and females. It is concluded that males 

of both crickets died at a significantly younger age than females. However, no interaction 

was found between sex and species. 

Mysterud et al. (2001) examined the effects of gender, age, density and their 

interactions on the inconsistency of body weight in red deer. It is observed that spatio-

temporal variation in density is negatively correlated with body weights. Generally, there 

was clear evidence of aging in both males and females. In females, the commencement of 

senescence was after twenty years of age and not influenced by population density. 

However, in males, the rate and onset of senescence increased with increasing population 

density. The onset of senescence for males was at 10 years of age at high population density 

but increased to about 12 years of age at low population density. 

 

Fox et al. (2003) examined the effects of sex and body size on adult lifespan in 2 

species of seed beetles, Callosobruchus maculatus and Stator limbatus. Callosobruchus 
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maculatus females showed high initial mortality rate than males, while in males mortality 

rate increased with increasing age. However, Stator limbatus males had a higher initial 

mortality rate but no difference was found between sexes in the rate of increase of mortality 

with increasing age. In both seed beetles, body size was positively correlated with life 

expectancy. Lifespan was heritable for both sexes of both species. 

 

Bryant and Reznick (2004) compared the pattern of aging in 2 natural populations 

of guppies, Poecilia reticulata. They observed that females from natural low-predation 

environments experienced senescence at late age than recently established population. The 

pattern of aging for male fish did not differ between populations; however, males from 

natural low-predation population were observed with low mortality rates.  

 

Bonduriansky and Brassil (2005) tested trade-offs between aging and other life 

history traits in male antler flies (Protopiophila litigata) in a wild. High mating rate was 

related with short life span, as a result of increased short-term mortality risk or accelerated 

aging in traits affecting viability. In contrast, large body size was linked with accelerated 

aging in traits affecting mating success, causing reduced sexual selection for large body 

size. They concluded that aging can affect natural and sexual selection in wild populations.  

 

Ricklefs and Cadena (2007) investigated the relationship between number of 

progeny produced to a certain age and lifespan in captive zoo populations of 12 species of 

bird and18 species of mammal. The age limits in each analysis were set to include 50%, 

75% and 90% of the offspring produced in each of the animal population. Only 1 of 68 

regressions was significant, and regression slope was positive. Moreover, the association 

between age at first reproduction up to a certain age and longevity after that age was 

examined. Results indicated that early reproduction rarely decreases lifespan.  

 

Carey et al. (2008) studied aging in wild populations of Medfly (Mediterranean 

fruit fly) by presenting a novel technique for approximating age structure in wild 

populations of insect. Main changes in age structure occurred in the wild populations of 

flies. It is found that that middle-aged Mediterranean fruit flies (life span more than 30 
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days) were common in the population. Results revealed that the extraordinary longevity 

was observed in field-captured fruit fly due to their early life experience in the wild. Six 

captured but no reference males lived in the captivity for more than 170 days, and sixteen 

captured females but no reference females lived in the captivity for 140 days or more.  

 

Reed et al. (2008) used data from 23-year study of seabird, the common guillemot, 

Uria aalge to investigate the factors affecting the rate of reproductive senescence. Within 

the last years of life, Uria aalge had significantly reduced breeding success. Female birds 

senesced at a considerably faster rate than male birds. High levels of reproductive efforts 

in the early age were related with increased senescence in late age. Environmental 

conditions practiced earlier in life also affect the rate of senescence, with the fact that severe 

environmental conditions intensified later declines in reproductive success. Generally, 

birds with intermediary levels of early- life reproductive performance lived a long life.  

 

Bouwhuis et al. (2009) studied the impact, onset, and architecture of senescence in 

female great tits. Breeding data from 49 years of study showed a decline from 3.5 years of 

age, affecting 9 % of birds each year. Longitudinal analyses, however, indicated that 

selective disappearance of low-quality breeders moderately masks senescence, affecting 

21 % of females each year. Analyses of underlying traits showed significant declines in 

fledgling number and brood size but no decline in clutch size. Current findings illustrated 

the significance of modelling individual difference and facilitate study of the fundamental 

mechanisms of aging. 

 

Maklakov et al. (2009) studied the patterns of actuarial senescence in black field 

cricket, Teleogryllus commodus. Results showed that both genders show dramatic 

differences in age-dependent reproductive performance and patterns of reproductive aging. 

In female crickets, fertility peaked early in life and then declined. However, in male 

reproductive performance (especially calling songs) increased throughout life and only 

decreased well beyond the maximum field lifespan.  
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Zajitschek et al. (2009a) tested the natural population of black field crickets 

(Teleogryllus commodus) for sex differences in demographic aging. Results showed that 

male field crickets have higher death rates all through life than female field crickets. 

Moreover, both crickets showed high mortality rates with increasing age, demonstrating 

senescence, but sex differences were not found in aging. It is observed that sex differences 

in life span are likely because of differences in baseline mortality rather than aging.  

 

Zajitschek et al. (2009b) used black field crickets, Teleogryllus commodus, to test 

whether variation in diet quality of nymphs and adults determine sex-specific resource 

allocation to reproduction and whether there are any subsequent effects on aging. Results 

showed that aging does not depend on nymph diet. However, the sexes showed significant 

differences in the rates of actuarial aging. In females, reproductive performance decreased 

with age, however, in males reproductive performance increased with age. These results 

indicated the relationship between aging, diet and reproduction and showed that differences 

in resource utilization between male and female can lead to different patterns of aging.  

 

Carazo et al. (2011) studied the reproductive fitness, mating behaviour, and 

fertilization patterns of females mated to old contrasted with young males in a beetle 

Tenebrio molitor. Female beetle mated to young male beetles produce offspring of high 

quality than those mated to old male beetles. Females mated to old males were observed to 

be less receptive and spent less time to spermatophore guarding, as compared to females 

mated to young male. This study concluded that aging may act as an evolutionary source 

of sexual conflict. 

 

De Luca and Cocroft (2011) examined whether mate-searching effort increased 

with age in the thornbug treehopper. In this species, younger males did search more actively 

than older males, and found females faster. No difference was found in courtship duration 

among age groups. These results recommend that at younger ages thornbug males may be 

investing so much in mate searching that they are unable to increase investment in 

searching effort when they become older.  
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Martin and Festa-Bianchet (2011) analyzed reproductive senescence in 90 bighorn 

sheep (Ovis canadensis). Age-independent and age-specific variation of reproductive 

performance was estimated in late-life. Reproductive performance declined in the 2 last 

reproductions, independently of age at death. Fertility also declined in the last two years of 

life, with a sharper decline for old aged animals. Results revealed that reproductive 

senescence comprises both age-independent and age-dependent components. 

 

Moore and Moore (2001) showed that reproductive aging caused by delayed mating 

led to reduced choosiness by female cockroach (Nauphoeta cinerea). Male readiness to 

mate was not affected by variation in female age. Female cockroaches, who were beyond 

the optimal mating age, required significantly less mating than younger females. Older 

mated females had fewer clutches and fewer offspring per clutch than younger mated 

females. Thus, reduced choosiness was associated with a permanent decrease in fecundity. 

No difference was found in senescence among females, and thus decrease in clutch size 

did not result in increased longevity. Results suggested that reproductive aging in 

cockroach, similar to aging generally, occurs because the maintenance of oocytes is costly, 

and selection is relaxed after the optimum mating period.  

 

Nussey et al. (2011) examined age-related variation in body mass of adult females 

in 3 natural populations of ungulate; Soay sheep (Ovis aries), bighorn sheep (Ovis 

canadensis) and roe deer (Capreolus capreolus). Selective disappearance was most evident 

in all three populations at both old and young ages. In later adulthood, roe deer and bighorn 

sheep showed a constant decline in body mass that accelerated with age while Soay sheep 

exhibited a quick decline in body mass in the two years preceding death. Results underlined 

the significance of body mass decline in describing within-individual demographic 

declines in later adulthood in wild populations. Results revealed that the processes and 

pattern of aging, underlying demographic declines in late life, can differ significantly 

across related animal species. 

 

Archer et al. (2012) used a population of decorated crickets, Gryllodes sigillatus, 

to evaluate the genetic (co)variance between lifespan, age-dependent reproductive 
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performance, and aging between and within the sexes. They observed that male singing 

increased with age, whereas female fertility decreased with age. Females aged more rapidly 

than males and male crickets lived longer than female crickets. These life-history tactics 

were maintained by a positive genetic correlation between early-life reproductive 

performance and aging rate in male and female crickets. It is concluded that reproductive 

performance, aging and lifespan showed strong positive intersexual genetic correlations. 

 

Bouwhuis et al. (2012) examined reproductive senescence and survival senescence 

in great tits (Parus major). Survival probability decreased with age and recruit production. 

Reproductive success reduced 87 percent between age groups 1 and 9 but at a fitness cost 

of only 4 percent. The proportion of the involvement of reproductive aging against survival 

senescence to this cost was 0.7. For eleven other species of birds, fitness costs of aging 

estimated as 6-63 percent with relative contributions of reproductive senescence of 0.0-0.7. 

This suggests that when and why survival senescence and reproductive senescence vary 

will help in the recognition of immediate mechanisms underlying variation in rates of aging 

and evolution. 

 

Robinson et al. (2012) examined reproduction and survival across lifespan in a 

population of female Asian timber elephants (Elephas maximus). It was observed that age-

specific fitness declines are determined by age-specific associations between fitness 

components. A positive correlation was found between reproduction and survival in early 

life, but a negative correlation was observed in later life of elephants. Approximately 71 

percent of later-life survival declines associated with reproductive performance within this 

population of elephant species. 

 

Zajitscheket al. (2012) assessed the effects of mating and diet on calling effort and 

on lifespan in field crickets, Teleogryllus commodus. Males experience actuarial 

senescence at higher rates than females, and a clear reproductive cost was seen in females. 

Virgin male crickets, had shorter lifespan than mated male crickets. Males fed on high-

carbohydrate diet exhibited a quicker increase in calling effort earlier in life, and a more 

distinct pattern of senescence as compared to males that are fed on carbohydrates and 
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protein diet. Results revealed that the cost of mating in Teleogryllus commodus is 

dependent on both diet and sex. 

 

Nussey et al. (2013) studied senescence in nature, and found evidence for 

senescence in 175 different animal species from 340 distinct studies. Despite the fact that 

the vast majority of this evidence originates from mammals and birds. Evidence for aging 

is likewise found in other groups of vertebrates and insects. Recent studies show that prior 

environment, genes, and investment in reproduction and growth influence senescence rates 

in the wild population. 

 

Boonekamp et al. (2014) accomplished lifetime brood size manipulation in wild 

bird jackdaws (Coloeus monedula).  It is evident that actuarial senescence measured as the 

increase in the probability of death with age is threefold higher in birds rearing enlarged 

compared to reduced broods. The authors argue that their findings are in agreement with 

predictions based on the reliability theory of aging and suggested further tests of this 

proposition. 

 

Lemaître et al. (2014) examined trade-offs between early life and late life 

reproductive effort in male red deer, Cervus elaphus, by using complete data documented 

over a 40-year field study. Results revealed that males which showed larger harems and 

spent more time in reproduction in the early life showed higher rates of aging in both rut 

duration and harem size. Males that had antlers with more points during early adulthood 

did not exhibit more distinct declines in reproductive characters in the last days of their 

life. It is concluded that early life experience in sexual competition is related with increased 

reproductive aging in wild red deer.   

 

 Roberts et al. (2014) tested the effects of lifetime flight behaviour and age on 

longevity, reproduction and flight ability in Drosophila. In particular, five days old adult 

fruit flies were divided into three treatments: (1) those not permitted to fly (no flight), (2) 

those mechanically stimulated to fly (induced flight), (3) those permitted to fly - but not 

forced to fly (voluntary flight). Life span was in the order no flight > voluntary flight > 
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induced flight, although the capacity to fly persisted the longest in voluntary flight flies. 

Age-specific fertility did not vary among the 3 groups. These results indicate that flight 

behaviour can speed up physiological senescence and trade-off against other traits. 

 

Archer and Hunt (2015) discussed how sexual conflict and sexual selection can be 

integrated alongside mechanistic and evolutionary theories of aging using crickets as a 

model organism. It is discussed that reproductive cost can be easily observed in both sexes 

of crickets. The potential for research using cricket as a model, is highlighted to understand 

aging and lifespan both in the wild and laboratory.  

 

Balbontín and Møller (2015) examined the effects of predation risk caused by 

domestic cats and local breeding density on the survival rate and actuarial senescence in 

Barn Swallows, Hirundo rustica. Evidence for reproductive aging was found for the first 

time in this species. Longevity increased until midlife and then decreased later. Males had 

high survival rate than females. Results revealed that survival rate did not influence by 

breeding density and predation risk. Hirundo rustica with short life span did not spend 

more time in reproduction effort in early age, inconsistent with prospects for trade-offs 

between survival and reproduction as proposed by the life history theory of aging. 

However, the rate of reproductive decline with age was found for birds exposed to 

predation pressure and strong competition, but only in locations with various breeding 

pairs. These results highlight the significance of considering interspecific interactions and 

intraspecific competition when analysing reproductive and actuarial senescence. 

 

Beirne et al. (2015) investigated actuarial senescence in wild European badgers 

using a 35 years detailed study. They observed that female badgers show lower body mass 

senescence rates than male badgers and this sex difference is generally attributable to sex-

specific downstream effects of the intensity of intra-sexual competition experienced during 

early life. 

 

Bleu et al. (2015) Compared 2 sites for age-specific survival and the degree of 

annual variations in females of alpine chamois. In one population of chamois, survival rate 
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was very high until the onset of senescence, whereas the two other populations showed 

lower rate of aging and later onset of senescence. Patterns of aging are consequently uneven 

within species. Annual variation in survival rate was higher in one population compared to 

other. In each population, the age classes with the lowest survival rate also experienced the 

biggest chronological variation.  

 

Boonekamp et al. (2015) explored the heuristic value of redundancy models of 

aging to develop a profounder perception into the mechanisms causing variation in lifespan 

and aging. It was observed that how different redundancy model parameters affect 

mortality and aging, and how variation in parameters of the Gompertz equation relates to 

variation in redundancy model parameters. Medical interventions and lifestyle changes 

during life can change mortality rate. The effect of interventions on actuarial senescence 

and mortality was investigated.  

 

Fisher et al. (2015) studied four behavioural traits (activity, shyness, exploration 

and tendency to leave a refuge) in field crickets, Gryllus campestris in the laboratory. All 

of them exhibited among-individual differences in mean levels of expression throughout 

their lives, but showed non-significant differences in how quickly expression changed with 

increasing age. Among-individual variance increased with age for all observed traits. 

 

Hassall et al. (2015) investigate age-related patterns in mating behaviour in 

damselfly, Coenagrion puella. Capture histories for 1033 flies were used over 2 field 

seasons, to conduct both stratified and pooled analyses of variations in breeding activity. 

No convincing evidence was found for actuarial senescence or a cost of mating in a well-

studied and important model insect. The conceivable relation between condition and aging 

suggested that individual quality needs to be taken into account when studying aging. It is 

recommended that multistrata models should be used for the future investigation of these 

phenomena. 

 

Lemaître et al. (2015) tested trade-off between in early and late life performance by 

compiling 26 studies of vertebrate populations. Current findings indicated that there is 
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evidence for the presence of trade-off between early and late life performance.  It is 

suggested that the limitation of accessible resources leads individuals to trade somatic 

maintenance later in age for high reproductive investment early in life. 

  

Niemelä et al. (2015) reported the behavioural syndrome and repeatability in field 

cricket; Gryllus campestris (nymphal stage) in the wild. Different behaviours such as flight 

initiation distance, maximum distance from burrow and time of emergence after 

disturbance were examined. All behaviours were repeatable, but there no evidence was 

found for strong syndrome structure. Bolder crickets were seen more easily but had a short 

life span. Behavioural assays were conducted around their burrows, which might induce 

pseudorepeatability if burrow features affected behaviour. Results revealed that both the 

location of the burrow and the identity of the individual were associated with flight 

initiation, supporting the prediction that personality difference occurs in wild insects and 

that it is related with components of fitness. 

 

Tidière et al. (2015) examined the relationship between the strength of sexual 

selection and age-specific survival in captive ruminants. It is found that the onset of 

actuarial senescence is negatively influenced by the strength of sexual selection in male 

ruminants. Polygynous males, senesced earlier than monogamous males, which resulted in 

reduced male survival in polygynous individuals. Furthermore, males of territorial species 

experienced senescence earlier but at slower rate and had a shorter life span than males of 

species exhibiting other mating strategies. Little influence of the strength of sexual 

selection was detected on the rate of reproductive senescence. Current findings 

demonstrated that the onset of reproductive senescence, is a consequence of physical 

mechanisms related to sexual selection, and possibly accounts for marked differences in 

life span. 

 

Holand et al. (2016) examined differences in rates of reproductive senescence 

between sexes and between habitats and sub-populations of house sparrows, Passer 

domesticus. Detailed data from a long-time study was used for investigating such 

differences. It was found that rates of actuarial senescence exhibited big longitudinal 
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variation. The onset of actuarial senescence differed between sub-populations. However, 

no significant difference was found between male and female sparrows. 

  

Warner et al. (2016) examined both reproduction and survival decline with adult 

age in the painted turtle, Chrysemys picta, using 20 years data from a natural population. 

It is evident that older females, produced eggs with reduced hatching success. Moreover, 

age-specific mark-recapture analyses revealed high mortality with increasing age. These 

results of mortality and reproductive aging challenge the debate that turtles do not age and 

gave evidence of reduced fitness at old ages in non mammalian species that live longer. 

 

Carroll and Sherratt (2017) documented the rate of aging in 22 species of 

Lepidoptera in laboratory and field studies. In all 22 species senescence was evident, and 

the rates of aging differed significantly among species. All species showed significant 

differences between sexes, but not in a consistent way. 

 

Sparkman et al. (2017) studied actuarial senescence in red wolves and red wolf-

coyote hybrids. Strong evidence of sex differences was found in pup recruitment, with male 

wolves, but not female wolves, showing a sudden decline in recruitment with age. In males 

reproductive aging was evident for number of pups recruited, however not for number of 

pups born, however no evidence was found for reproductive aging at either stage in red 

wolf females. 

  

Fisher et al. (2018) regularly measured the activity level and willingness to leave a 

shelter in wild field crickets, Gryllus campestris at both long and short intervals over their 

whole adult lives. Some support was found for a pace-of-life syndrome affecting 

personality, as lifespan was negatively correlated to activity and readiness to leave the 

shelter. In spite of the fact that there was considerable variance attributed to the short-term 

consistency, neither one of the traits was influenced by phenotypic condition, failing to 

support either of the tested models. Current study confirmed that behaviours may co vary 

with some life-history traits and highlighted the scales of sequential consistency that are 

not easy to explain. 
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Grunst et al. (2018) studied actuarial senescence in white-throated sparrow 

(Zonotrichia albicollis). White-striped males were more aggressive and polygynous, and 

less parental than tan-striped males, however, white-striped females received more parental 

support, and allocated less into parental care than tan-striped females. Thus, higher aging 

rates in tan-striped birds and females would support the parental investment hypothesis, 

whereas higher aging rates in white-striped birds and males would support the intra-sexual 

competition hypothesis. White-striped males had the lowest rate of reproductive 

senescence. Tan-striped females showed highest senescence rate, white-striped females 

and tan-striped males had intermediate, relatively equal rates. Thus, results were not 

consistent with competitive strategies and sexual selection increasing aging rates, and 

instead indicated that senescence might be accelerated by female-biased parental care, and 

declined by sharing of parental responsibilities. 

 

Jankowiak et al. (2018) discussed senescence in common Blackbirds by using data 

on the complete reproductive histories collected during a 19‐year study. Reproductive 

success in male birds remained constant until the age of 5 but in female birds reproductive 

success peaked at the age of 4. Declines in reproductive success were observed, after the 

peak years in both male and female. Age‐related changes in the reproduction of females 

confirmed the individual improvement and selective disappearance hypotheses. In male 

Blackbirds the increase in reproductive effort came as a consequence of the disappearance 

of poor reproducers. There was no evidence of negative effect of high early life fertility on 

either lifespan or mortality. Both male and female birds with a low early life fertility had a 

lower lifetime reproductive success than those in which early life fertility was high. The 

results are in the favour of disposable soma hypothesis. 

 

Rodríguez-Muñoz et al. (2019). Studied the evidence of both phenotypic 

senescence and actuarial senescence from a decade-long longitudinal field study of wild 

insects. By tagging every individual and using continuous video monitoring with a network 

of up to 140 video cameras, behavioral data on an entire adult population of field crickets 

was recorded. This study revealed that both actuarial and phenotypic senescence differ 
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significantly across 10 annual generations and a strong correlation was found between 

actuarial and phenotypic measures of senescence. This study demonstrated age-related 

phenotypic declines reflected in population level mortality rates and revealed that 

observations of senescence in a single year may not be representative of a general pattern 
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2.2Chronotype/personality study 

Pepin and Cargnelutti (1994) studied inter- and intra-individual variations of 

activity patterns in 2 adult male and 2 adult female hares, Lepus europaeus. It is found that 

the L. europaeus had a typically nocturnal activity pattern, and there are significant 

variations occurred from 00:00 to 07:59h and somewhere between12:00 to15:59h. Mean 

daily activity of L. europaeus started near dusk and ended near dawn. It is concluded that 

some within and among individual variations of activity patterns occurred on different time 

scales, such contrasts most likely contributing to confuse predators. 

 

Quiring (1994) studied the daily activity pattern in spruce bud moth, Zeiraphera 

Canadensis. Results revealed that maximum flight activity occurred near dusk and dawn. 

Spruce bud moths moved higher in the crowns shortly after dusk. This activity peak was 

associated with mating and oviposition. Oviposition began at sunset and proceeded for 

roughly 3 hours. Most matings occurred somewhere between 10:00 PM and 04:00 AM. 

 

Passamani et al. (1998) described the activity time budget of a group of Geoffroy’s 

marmoset in Atlantic forest on the Brazilian coast. The average total daylight time spent 

resting (29%), feeding (21%), moving (20%), foraging (14%) and gouging (13%). A larger 

proportion of time was spent foraging during the dry seasons than the wet seasons. For 

resting a large proportion of time was spent during the wet seasons and less time was spent 

during dry seasons. The time spent for feeding was greater in the initial hours of the day. 

Foraging occurred throughout the day, but was more extreme during the hottest times. 

   

Hossain et al. (1999) studied activity pattern in African catfish, Clarias 

gariepinus using video recording system and an infrared illumination. The study was 

conducted over a period of 15 days with a group of 40 fish held under a 12‐h dark:12‐h 

light photoperiod. Results indicate that fish were active at night when given access to food 

24h a day, but feeding activity decreased, when feeding was limited to the light phase. 

Nocturnal feeding was returned from the second day after 24‐h food access. 
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Morrier and Mcneil (1999) compared seasonal variations in the daylight activity 

budget of two bird species Charadrius wilsonia and Charadrius semipalmatus. Resting, 

Feeding, and aggression are the three main activity categories. Both species were 

significantly differed in seasonal activity patterns. From October to April, C. 

wilsonia devoted more time to feeding and fed less in January and February. In contrast, 

C. wilsonia devoted less time to feeding than to resting from November to April. Both 

species spent less time to aggression but increased in March-April for C. wilsonia. 

  

Wirminghaus et al. (2001) investigated movements, numbers and behaviour, of the 

rare Cape parrot (Poicephalus robustus) at two study sites. It was observed that birds flew 

regularly from roosting sites to feeding site in the morning. Numbers varied seasonally and 

monthly between the sites. Birds became active at sunrise, and activity lasted for several 

hours. They became inactive through mid-day, and activity recommenced a couple of hours 

before dusk and proceeded until dusk. Activity changed with changing day length. 

 

 Lemel et al. (2003) described the activity behaviour of wild boar (Sus scrofa) and 

explained how wild boar modify their behaviour under different environmental conditions. 

It is evident that wild boars were more active during night hours. The mean time duration 

for activity was 7.2 hrs. The mean distance that Sus scrofa covered during activity bouts 

was 7.2 km. A considerable variance was distinctive for all activity variables. For activity 

distance, 72% of the variation was described by adding minimum temperature, snow cover, 

wind speed and season to the model. Significant effects of snow cover, minimum 

temperature and interaction between minimum temperature and activity time described 

42% of the variation in activity range. The variation in relative air humidity described 41% 

of the time active during an activity bout. 

 

Van Laerhoven et al. (2003) observed the effect of daily activity pattern on prey 

finding and predation rate of true bug, Dicyphus Hesperus in Laboratory. Starved female 

bugs were kept on tomato leaves under high, low or zero light intensities at14:00 h, 08:00 

h and 02:00 h respectively, and total time spent resting or walking was noted. Predation 
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rates of Dicyphus hesperus females on Mediterranean flour moth eggs were observed under 

either a long day (L16:D8) or short day (L8:D16) diel period. It is observed that female 

bugs spent less time for prey searching during the day than night. Female bugs used eggs 

at a higher rate at night than during the day. It is concluded that females bugs are more 

active at night than day, and search and consume prey at a higher rate at night than during 

day. 

 

 Ebensperger and Hurtado (2005) documented seasonal variation in individual and 

social behaviour of a free living population of degus (Octodon degus). The effects of 

gender, seasonality (abundance of high quality food, breeding activity) and abundance of 

predators were checked on the activity of this rodent. Generally, degus devoted most of 

their time in foraging followed by alertness, resting, locomotor activity, self-grooming, 

burrow digging and dust-bathing respectively. Social interactions covered a comparatively 

small proportion of time budget. Time devoted in foraging and total alertness did not differ 

seasonally, but both behaviors were inversely related, reflecting a trade-off. O. degus 

adjusted bipedal vigilance and locomotor activity partly to the presence of predators. 

Gender interacted with seasonality to affect the behaviour of degus. Male degus dust-

bathed more than female degus and males were more aggressive toward conspecifics than 

females during breeding season. They concluded that breeding activity is the main indicator 

to account for these interactions. 

. 

Hoenen (2005) examined daily activity of the Brazilian cave cricket, Strinatia 

brevipennis. These cave crickets demonstrated to some degree sporadic examples of 

movement, despite the fact that a circadian part could be distinguished. These activity 

patterns are conferred in terms of the plasticity of a cave animal’s circadian rhythm. 

 

De Carvalho and Soares (2006) observed the diel changes in feeding activity of the 

Rough scad, Trachurus lathami through the analysis of stomach contents of 307 fish 

sampled over a 24-h period. According to the analysis of the stomach contents Rough scad 

is both a nocturnal and diurnal feeder, with some seasonal variation in feeding time. 



 

32 
 

According to the Chronobiology theory, it was raised the hypothesis of circadian rhythm 

in feeding of this fish, possibly synchronized by light/dark cycle. 

 

James et al. (2006) examined the diel activity patterns of diving behaviour in 

leatherback turtle, Dermochelys coriacea, using satellite-linked time-depth recorders. 

Variation in diurnal versus nocturnal behaviour was observed, both at northern latitudes 

and during southward migration. Nevertheless, differences in surface activity and diving 

were much less prominent while turtles were in the north. It is concluded that foraging 

occurred throughout the day and night at high latitudes, then changed to a bimodal pattern 

of diving during southward migration, with generally deeper, longer diving occurred at 

night as compared to day.  

 

Munro et al. (2006) examined the activity patterns and habitat selection in 9 female 

grizzly bears, Ursus arctos. Five activities were recognized i.e. frugivory, bedding, insect 

feeding, ungulate kills and sweet vetch digging. Selection ratios were used to evaluate 

which time periods (diurnal, crepuscular and nocturnal) and habitat were designated. 

Activity patterns changed substantially over a 24-h period, with bedding occurred mostly 

at night and foraging activities during crepuscular and diurnal periods. Habitats were 

essential predictors of activity. Forested areas were chosen for bedding activity, whereas 

insect-foraging, frugivory and digging activities were connected with herbaceous and 

open-canopy forests.  

 

Guo and Watanabe (2007) examined the seasonal activity budget for a group of 

golden snub-nosed monkey (Rhinopithecus roxellana) using data collected from eighty-

four full-day observations. The annual activity budget of golden snub-nosed monkey was 

36.2% time spent resting, 35.8% feeding, 22.9% moving, and 5.1% other activities. 

Seasonal changes were observed in activity budget. Monkey spent least time moving in 

winter and more time moving in autumn, depending on the availability of food quality. 

Thus, Rhinopithecus roxellana has a passive foraging strategy. 
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Kapfer and Aron (2007) investigated seasonal and overnight activity patterns in 

seven species of bat. Among all species, three species (Myotis daubentonii, Pipistrellus 

nathusii and Pipistrellus pipistrellus) exhibited the highest level of flight activity and 

occurrence. Flight activity of Pipistrellus pipistrellus significantly varied over time, with 

the highest levels occurring just after dusk. The activity of Myotis daubentonii and 

Pipistrellus nathusii remained persistent for at least the first few hours after dusk. Foraging 

and flight activities of all seven species changed with the reproductive period. Flight 

activity increased from gestation to post-lactation in Pipistrellus. However, flight activity 

decreased during post-lactation in Myotis daubentonii. Social calls increased among 

Pipistrellus pipistrellus during the first hours of the night and, evidently so, during the post-

lactation period.  

 

Kolbe and Squires (2007) recorded activity data for 11 adult lynx during winter and 

9 adult lynx during summer, using motion-sensitive radio collars. Lynx diel activity 

appeared to differ by reproductive status, gender and season. During summer, females with 

kittens remained active throughout the photoperiod whereas, males exhibited a crepuscular 

activity pattern. During winter, both males and females were observed to be most active 

during the early evening and afternoon.  

 

Kolowski et al. (2007) examined the activity patterns, movement rates, and timing 

of den use in spotted hyenas from three different social groups. Most of the activity 

occurred from 6:00 PM to 9:00 AM. Male spotted hyenas would in general, be more active 

than female hyenas, especially in the morning and tend to be showed higher movement 

rates than female. Activity rates and movement did not differ among social rank, but high-

ranking female hyenas spent less time feeding than low-ranking female hyenas. Female 

spotted hyenas live in territories with daily human activity showed lower den use and 

activity than hyenas in an undisturbed territory.  Specific times of day when activity was 

reduced shown that human activity not, livestock grazing, was possibly responsible for 

observed alterations in timing activity.  
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Skliba et al. (2007) investigated the daily activity of the silvery mole-rat, 

Heliophobius argenteocinereus in the field. Activity inclined to decrease over the course 

of the dry season. Although activity was spotted at any time of day, most individuals 

exhibited an expected pattern of activity that was connected with slight daily temperature 

changes. In the coolest part of the dry season, complete activity rose with daily temperature. 

At the start of the dry and hot season, most of the activity occurred in earlier hours. 

 

Devries et al. (2008) studied diel activity in Neotropical skippers, by using a 

population of 400 species at the same location. Results revealed that diel activity was 

significantly divided among subfamilies, genera and species within this species collection. 

 

Jacot et al. (2008) determined the effect of male nutritional condition on the fine-

scaled variation of diel investment in acoustic signaling and (ii) the temporal association 

between the diel variation in male signaling and female mate-searching behaviour in 

Gryllus campestris.  Overall food-supplemented males signaled more often, but the effect 

was only visible during the daytime. In the evening and the night, signal output was still 

high but the time spent signaling was unrelated to a male's nutritional condition. Females' 

mate-searching behaviour also showed a diel rhythm with peak activity during the 

afternoon, when differences among calling males were highest, and where signal output 

reliably reflects male quality. These findings suggest that males differing in nutritional 

condition may optimize their investment in signaling in relation to time of day as to 

maximize mating success. 

 

Yamazaki et al. (2008) evaluated the activity patterns and time budgets in 4 

Japanese black bears (Ursus thibetanus) during 2003-2006. Activities were categorized 

into 2 stages active (feeding with short distance movements) and inactive (resting). 

Japanese bears were mostly active during day time, although they became more active at 

sunset. Mean time inactive was 66% and activity time ranged from 22-48%, depending on 

the bear. Diel active time in one adult female, decreased significantly during a year when 

she was solitary from the previous year in which she had nursed 2 yearlings. Diel active 
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time decreased significantly with increasing age in one sub-adult male. It is suggested that 

more research is required to relate activity values to gender, habitats and age.  

 

Boda and Csabai (2009) studied daily dispersal patterns of the true water bug, 

Sigara lateralis in 2000 and 2005 under diverse ecological conditions. The diel dispersal 

patterns of water bug were generally different in the 2 studied years. It might be possible 

that the diurnal dispersal pattern of water bug changes year by year. Female bugs with eggs 

were most active during mass dispersal, and in most cases, females were more abundant 

than males. 

  

Cardoso Peixoto and Benson (2009) investigated the daily activity pattern in 2 

satyrine butterflies of same size and similar morphology, Hermeuptychia hermes and 

Paryphthimoides phronius. It was found that both butterflies show totally different daily 

activity patterns. H. hermes showed abundance peaks in the morning and late afternoon, 

while P. phronius presented high peaks in the middle of day and remained stable until 5 

PM. This variation is possibly due to the existence of territorial behaviour in P. phronius. 

 

Hidalgo-Mihart et al. (2009) studied the diel activity patterns of the coyote (Canis 

latrans) equipped with activity devices to check the effects of sex, seasonality and diel 

intervals (dawn, dusk, night, and day) on activity patterns. Significant differences were 

found between diel intervals day (less active) and dawn (more active). However, no 

differences were found due to season or sex on any of the 4 diel intervals. Coyote activity 

patterns might be responding to thermoregulation, human avoidance and prey availability. 

 

Helm and Visser (2010) examined the natural variation of circadian traits in the 

birds by recording locomotor activity in the wild population of great tit, Parus major. It 

was evident that the free-running period of this bird was significantly smaller than 24 hours 

in constant dim light. High heritability and ample genetic variation were demonstrated, 

indicating that the length of period is possibly flexible by micro-evolutionary variation. 

The observed, short period length might be a result of sexual selection, as offspring from 

within-pair matings had significantly longer free-running periods than individuals from 
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extra-pair matings. These findings highlighted the significance of using chronobiological 

methods in evolutionary ecology.  

 

Abom et al. (2012) studied diel movement patterns in a single population of 50 

Keelback snakes. Diel activity patterns of snakes are significantly affected by the season. 

Snakes were more active in the daytime in the mid and last of dry seasons. In the middle 

of dry season, most of activities were diurnal. However, in the late dry season, snakes were 

more active during night hours. Generally, increased activities in the mid of wet season 

were related with more nocturnal and crepuscular movement. A significant relationship 

was found between movement rates and body temperature in both dry and wet seasons. 

 

Csabai et al. (2012) examined the diel flight activity patterns of aquatic bugs and 

beetles. By using flight data of 92 species, and more than 45,000 individuals, 8 types of 

flight activity patterns were described. They found that 7 of 8 flight activity dispersal 

patterns are similar with the previous information, while 3 obvious mass dispersal periods 

can be recognized as in the mid-morning, at noon and sunset. Diurnal flight activity 

occurred exclusively in spring, from mid-morning to late afternoon. Most of the individuals 

used different flight activity patterns in different seasons. In autumn and summer, the 

evening types were the most preferred patterns, but in spring, the most popular pattern was 

diurnal pattern. 

 

Ryan et al. (2012) examined the activity patterns in 27 adult koalas during the 

breeding season. Data were obtained by using accelerometer data loggers attached to VHF 

radio collars to observe activity patterns of both sexes. Accelerometry was effective in 

differentiating between active (moving, feeding, grooming) and inactive (resting, sleeping) 

behaviours. Both males and females were more lively during the early-breeding season 

with high movement rate. Koalas exhibited a distinct chronological pattern of behaviour, 

they were more active from mid-afternoon to early morning.  

 

Watanabe et al. (2012) assessed the activity time budget of Emperor penguins both 

in sea ice and water during foraging trips. During these trips, penguins alternated dive bouts 
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and resting time on sea ice. They stayed at the ice edge for more than four hours before 

their first dive. The mean proportions of time spent in the water and on the ice were, 69.2 

± 7.4% and 30.8 ± 7.4% respectively. There was no evidence of distinctive diurnal pattern 

in dive activity of individual birds. In the water, the penguins had short resting periods 

between dives. When penguins were on the ice, they spent more time in resting and less 

time in traveling.  

 

Biro and Adriaenssens (2013) studied intra individual behavioural variation in 30 

adult male mosquito fish. The behaviour of some individuals was constantly more likely in 

a given situation than others. Repeatability for this “within individual difference” was 

obvious after accounting for individual variations in activity trends across days. Activity is 

influenced by temperature variation. It is suggested that within- individual variation 

signifies an essential axis of persistent behavioural difference that has not been properly 

measured in previous studies. Lastly, individual variances in probability may 

correspondingly exist for labile physiological and morphological traits however have 

apparently not been contemplated. 

 

Podolski et al. (2013) investigated the circadian activity patterns of 6 Eurasian lynx 

(Lynx lynx) in 2005, 2010 and 2011. All individuals were mostly crepuscular, with an 

average activity of 8.9 hours per day and with the lowest activity at noon. Both male and 

female lynx exhibited same activity patterns. Daily Activity tended to decrease with 

increase in air temperature. In winter, daily activity was increased at sunset. 

 

Pokorná et al. (2013) examined the activity time budget in cattle (sheep and goats). 

They were observed for different activities; ruminating, idling, grazing, walking, salt 

licking and social interactions. Sheep and goats showed no differences in their main 

activities such as ruminating, grazing and idling. Goats spent more time in salt licking and 

social interactions than sheep. On the contrary, sheep devoted more time to walking than 

goats.  
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Sanusi et al. (2013) determined the activity pattern (feeding behaviour) in 3 species 

of ungulates namely Muntiacus muntjak, Tapirus indicus and Sus scrofa in the Krau 

Wildlife Reserve (KWR), Pahang. The M. muntjack was actively feeding between 6:00 

AM and 5:00 PM, T. indicus between 11:00 PM and 05:00 AM while S. scrofa between 

6:00 AM and 6:00 PM. Activity pattern of 3 ungulates showed that M. muntjak is diurnal, 

S. scrofaisis active both day and night and T. indicus is nocturnal.  

 

Bosiger and McCormick (2014) documented the daily activity of 2 common 

predators of juvenile reef fishes, rock cod (Cephalopholis cyanostigma) and dotty back 

(Pseudochromis fuscus), and compared these to the foraging and activity pattern of a 

common prey species, lemon damselfish (Pomacentrus moluccensis). Both field and 

laboratory studies revealed that both predators exhibited different activity patterns. Rock 

cod was active throughout day and night, with highest feeding strikes at sunset and 

increased activity at both sunrise and sunset. On the other end, dotty back was inactive 

during night hours and exhibited its peak strike rates at noon. The foraging and activity 

pattern of lemon damselfish is opposite that of rock cod with intraspecific aggression at 

both dawn and dusk and individuals decreasing strike rate, and boldness at dusk only and 

decreasing distance from shelter. They suggested that predictable diel activity of coral reef 

predators results from biological factors such as circadian rhythmicity, visual sensory 

capabilities, difference in hunting effectiveness, and predation risk at different time 

periods.   

 

Heurich et al. (2014) investigated the daily activity of 38 lynx equipped with GPS 

collars with acceleration sensors. It is found that that the lynx daily activity is not 

influenced by the daylight and the activity pattern was bimodal. Activity significantly 

varied with moonlight. Between sexes, females were less active than males. Results 

showed that the basic activity of lynx is altered by both behavior traits and the activity 

pattern of lynx prey but activity is independent of light conditions. 

 

Mishra et al. (2014) investigated the circadian activity in 2 colour morphs of zebra 

finch males, wild type grey and pied mutant. Both colour morphs were exposed to 12 h 
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darkness: 12 h light and constant dim light condition for the period of 3 weeks. During the 

first 3 hours of the 12 h day, mutant individuals were more active than wild individuals and 

showed increased activity during day time, with early activity onsets and late activity 

offsets. This behaviour was altered under constant dim light condition when the activity 

was significantly greater in wild type than in mutant type. Mutant type and wild type 

differed in daily activity pattern, but they are not differed in total daily activity or circadian 

rhythm period. Results revealed that that grey finches showed late chronotype, and 

probably adapted to apparently unfavorable environment, such as low intensity. 

 

Nikhil et al. (2014) assessed the effect temperature and light individually and in 

combination in driving chronotype differences in fruit flies D. melanogaster. It is reported 

that when provided individually, temperature cycles increase differences between late and 

early chronotypes more strongly than light, but together both temperature and light act 

antagonistically and that appropriate period difference between temperature and light is 

important to support chronotype differences. Current study highlighted the significance of 

temperature and light and their interaction with circadian clocks in mediating late and early 

chronotypes in fruit flies.  

 

 

Regan et al. (2014) measured the consistency and frequency and of event and 

postural behaviours in 21 adult working donkeys. Biting and high head carriage was 

observed more frequently in males than females. Head-shaking, licking/chewing and level 

head carriage behaviours were seen more often in females. Head-shaking, tail position, 

rolling/lying, ear orientation and foot stamping behaviours were influenced by time of day. 

Results revealed that all individuals expressed a wide behavioural range, while some 

behavioural differences were observed between sexes.  Some behaviour traits were 

influenced by time of day, while most behaviours were persistent over time. 

 

Rishworth et al. (2014) examined the activity time budget in a pelagic seabird, Cape 

gannet (Morus capensis) to examine the effect of extrinsic (time and offspring) and 

intrinsic (sex and body condition) variables on parent behaviour during breeding period. 
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Chick provisioning rates and foraging trip duration were visibly sex-specific and related 

with chick developmental stage. Female birds devoted less time at the nest and made fewer, 

longer foraging trips during chick provisioning. These gender-specific differences were 

more prominent to chick development. Moreover, parents with good body condition 

consumed more time at their nests and those birds which returned later in the day had longer 

nest attendance periods. 

  

Randler (2014 showed some similarities and dissimilarities in the study of sleep-

wake timing between humans and animals. Sex specific differences have been found in 

human and birds with females sleeping for more time than males. Opposing effects have 

been observed in relation to mating: earlier chronotypes birds had highest mating success 

whereas, in humans, late chronotype men gained higher mating success.  In birds it is 

evident that many sleep parameters are associated with assortative mating, similar but 

stronger relationships have been observed in human. It is evident that in humans, sleep 

timing behaviour changes during puberty. Such behavioural changes have also been 

documented in other mammalian species (rodents to primates). Different environmental 

factors determined the sleep-wake patterns, such as sunset and sunrise, temperature and 

artificial lighting at night. Artificial lighting during night hours made humans wake up later 

and led to an early wake up and singing time in blackbirds. 

 

Aldryhim and Ayedh (2015) observed the daily flight activity patterns of the red 

palm weevil, Rhynchophorus ferrugineus in Saudi Arabian date palm orchards using smart 

traps (STs). A circular statistics analysis showed that the time of adult capture in the STs 

was non-random and indicated mainly diurnal activity; few weevils were captured at night. 

Different activity pattern was found between the sexes. The female activity pattern showed 

two strong peaks at 07:00 to 09:00 hours and 16:00 to 19:00 hours, and the 1st peak was 

significantly lower than the 2nd peak. The male activity pattern exhibited three peaks at 

07:00 to 10:00 hours, 13:00 to16:00 hours and 16:00 to 19:00 hours with no significant 

differences among the peaks. Males started activity earlier than females. The number of 

adults captured by STs was negatively correlated with the ambient temperature and the 

time of sunset and positively correlated with wind velocity and the time of sunrise. 
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Brownscombe et al. (2015) examined the movement patterns and activity levels of 

the marine gastropod, juvenile queen conch (Lobatus gigas) in 2 habitat types. Significant 

inter-individual variation was found in activity levels, but more consistent levels of activity 

between the 2 habitats within individual L. gigas. Results suggest that among individual 

behavioural variation might be an essential factor motivating movement and habitat use in 

L. gigas. Current study gave evidence of different habitat selectivity and activity patterns 

in some marine animals. 

 

Fisher et al. (2015) examined the personality of wild field crickets (Gryllus 

campestris) in both field and laboratory. Three behaviour traits were examined, such as 

activity, shyness and exploration. All of 3 traits exhibited repeatability in the captivity. 

Laboratory exploration and activity were correlated with analogous behaviours in the field, 

but shyness was not. Behavioural traits in the field were typically affected by different 

environmental conditions such as sunlight and temperature, but only activity showed 

significant within-individual repeatability. It is concluded that some behaviours normally 

studied as personality traits can be precisely examined in laboratory, but other behavioural 

traits might be extremely situation-specific.  

 

Stuber et al. (2015) described sleep behaviour in great tits, Parus major, both in 

wild and captivity, during two consecutive winters. Wild birds initiated sleep earlier than 

captive birds, even under natural light conditions. Long-term repeatability in sleep 

behaviour was high for morning latency, while for all other variables long-term 

repeatability was low except frequency of awakenings, evening box entry time and evening 

latency (no detectable repeatability). Within-individual variations were observed in daily 

sleep requirements. Significant within-individual correlations were found between sleep 

behaviours, which represented the incorporation of plasticity between behavioural traits. 

There is measureable evidence for the factors creating phenotypic plasticity in behavioural 

sleep in an environmental context. 
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Baladrón and Cavalli (2016) compared the behaviour patterns of 2 species of birds; 

Roadside Hawk, Rupornis magnirostris and the Long-winged Harrier, Circus buffoni. The 

Long-winged Harrier and Roadside Hawk showed different activity patterns. Hawks spent 

more time in perching than harriers; however, harriers spent more time in foraging than 

hawks. No differences were found in the time duration of flight behaviour. Moreover, both 

birds showed differences in the use of perching sites, habitat types and flying modes. The 

most evident difference between these species was their hunting modes. These behavioural 

patterns seemed to be persistent in different habitat types and exhibited marked differences 

between seasons. 

  

Refinetti et al. (2016) evaluated the behavioural chronotypes in 16 mammalian 

species of five orders of magnitude (from mice to cattle). Individuals of all species were 

studied under a 12 L:12D photoperiod in a thermoneutral environment with food and water 

available at all times. Rhythms of locomotor activity were analyzed for onset time, 

acrophase, and robustness. Neither of these rhythmic parameters was significantly related 

to body size, but onset time and acrophase varied considerably from species to species, 

thus characterizing diurnal and nocturnal species. Chronotype spreads ranged from less 

than an hour in sheep to almost 24 h in cats, thus extending both below and above the 

human chronotype spread of 6 h. The variability of chronotype (as quantified by the 

standard deviation of group means) was much larger between species than within species 

and also larger between individuals of a species than within individuals on consecutive 

days. These results help situate the matter of human chronotypes within the broader context 

of variability in the phase angle of entrainment of circadian rhythms in animals. 

 

Wassmer and Refinetti (2016) investigated the nest occupation patterns and general 

activity of fox squirrels in a natural environment. In the winter the squirrels normally exited 

the nest after sunrise and returned before sunset, spending just around 7 hours out of the 

nest every day. While the duration of daily activity did not affect by the seasons, the 

squirrels left the nest later in the day when the day length is short and exited the nest earlier 

in the day when the days became longer. During the few hours spent outside the nest daily, 

fox squirrels appeared to spend most of the time lying or sitting.  
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Alós et al. (2017) repeatedly measured four behavioural traits, daily travelled 

distance, rest duration, rest onset and awakening time in pearly razorfish, Xyrithchys 

novacula. The variance of these 4 behaviours was decomposed using linear mixed models 

and estimated repeatability scores (R). Within-and among - individual variance 

decomposition revealed significant repeatability scores (Rs) in all behavioural traits. This 

suggested high predictability of individual behavioural variation and the presence of 

chronotypes. The decomposition of the correlations among chronotypes and the personality 

trait observed here into within and among individual correlations did not find any 

significant correlation at between-individual level. The authors concluded that behavioural 

difference is an independent axis of fish personality, and the study of chronotypes is a new 

approach in understanding within-species fish behavioural diversity. 

 

Broadhead et al. (2017) compared the circadian patterns of flight behaviour in two 

species of hawkmoth, Manduca sexta and Hyles lineata. They observed that M. sexta had 

a typically nocturnal locomotor activity pattern while, H. lineata had different activity 

pattern. Moreover, sex-specific and distinct species differences are found in the 

maintenance of the endogenous rhythm under constant darkness. In both moth species, 

female became more active in advance of males whereas male moth flight activity 

corresponded with times of female sexual receptivity. This proposed a role for circadian 

patterns of flight activity in synchronizing periods of sexual receptivity between both sexes. 

 

Edwards et al. (2017) used the natural population of Seychelles warbler 

(Acrocephalus sechellensis) to evaluate the repeatability of four behaviours (new object 

exploration, new environment exploration, struggle rate and escape response. An among-

individual correlation was tested between the repeatable behavioural traits. It was observed 

that, as compared to other species, the exploratory behavioural trait was moderately 

repeatable, there was a positive among-individual correlation between new object 

exploration and new environment, and that new environment exploration was moderately 

heritable. 
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Hertel et al. (2017) investigated the diel activity patterns in population of brown 

bears in Scandinavia. Seven daily activity patterns were evaluated. 4 distinct activity 

patterns were detected with a high degree of individual reliability to a given tactic. Foraging 

habitat, availability of key, demographic factors and human disturbance were significant 

factors of activity patterns. Young bears and those individuals with road densities and with 

higher bear were more nocturnal and more expected to rest during the day. Good foraging 

territory led to more diurnal activity patterns and nocturnal resting periods. Moreover, 

diurnal activity increases with the age. No evidence was found of diel activity strategies 

affecting the survival during the successive hunting season. 

 

Heuschele. (2017) examined individual differences in the swimming behaviour of 

Daphnia magna, before, during, and after being exposed to ultraviolet radiation. A 

consistency in swimming velocity was found between parent and offspring of Daphnia 

magna in a neutral environment, however, this consistency broke down when exposed to 

UVR. Current study demonstrated, for the first time, that behavioural consistency and 

repeatability, is situation and state dependent in this clonal freshwater invertebrate. 

 

Randler et al. (2017) assessed chronotype, nightmare frequency and sleep duration 

in relation to the 5 Big personality traits in men and women. In bivariate correlations, 

conscientiousness, age extraversion and agreeableness were associated with morningness, 

and openness to experience and neuroticism were associated with eveningness. In the 

multiple regression, agreeableness gender and neuroticism were un-related to chronotype. 

Evening types slept more at weekends than morning types. Nightmare frequency was 

strongly affected by neuroticism followed by openness to experience. Nightmare frequency 

decreased with increasing age, and conscientiousness showed a slight but significant effect 

on nightmare frequency. Chronotype was not related to nightmare frequency. It is 

concluded that chronotype is associated with sleep behaviour and personality traits.   

 

Włodarczyk (2017) studied activity time-budget in eleven breeding pairs of Mute 

Swan in central Poland. Eight behaviours are examined in activity time-budget analysis: 

movement; foraging, resting; incubation; nest building/maintenance; comfort, aggression 
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and alert/guarding. The study exposed a regular daily activity pattern of 5 behaviours 

(comfort, resting, movement, nest maintenance and foraging). Incubation was 

accomplished by female swans only and exhibited a distinct daily activity pattern. Two 

behaviours nest maintenance and resting showed sex specific differences in daily activity 

patterns. Additionally, females adjusted their daily activity pattern of nest maintenance and 

resting during different stages of the breeding season. Males, in contrast, did not alter their 

daily activity rhythm during the whole breeding season. Two behaviours aggression and 

alertness mainly associated with territory guarding –seemed without any regular daily 

activity pattern. 

 

Zhang et al. (2017) tested the effects of external factors (e.g., seasonal dynamics of 

resources and weather) and internal factors (e.g., pregnancy) on activity patterns of the 

endangered giant panda (Ailuropoda melanoleuca). During the winter and spring, Giant 

pandas showed higher frequency cycles. Pandas exhibited a regular activity pattern with 

activity peaks every 24 h during the summer and autumn when resources (e.g., water and 

forage) were abundant. A pregnant female exhibited distinct differences in her activity 

pattern from other females for several months. These results revealed that animals adjust 

activity cycles to adapt to unique physiological periods and seasonal variation of the 

resources. Wavelet coherency analysis also confirmed the synchronization of Panda 

activity level with solar radiation and air temperature at the 24 hr band. 

 

O’Brien et al. (2018) studied the social associations in a herd of elk (Cervus 

canadensis). Both sexes were subjected to 3 different density treatments. C. canadensis 

showed consistent individual differences in social connectedness across densities; 

nevertheless, they exhibited slight individual variation in their response to changes in 

density. Male had increased connectedness at high density.  In contrast, Female showed 

maximum connectedness at an intermediate density.  

 

Peksa and Ciach (2018) examined the daytime activity budget of Tatra chamois. 

Typically, chamois devoted 46% of their time foraging, 40% resting, 13% moving and 1% 

on social behaviour. The amount of time spent in specific behavioural types was affected 
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by the herd size, weather conditions, time of day and human disturbance. Two factors, the 

time of day and human disturbance showed maximum effect on the proportion of foraging, 

which increased as the day progressed. These two factors (the time of day and human 

disturbance) also increased the amount of time spent resting, which peaked during the mid-

day. Large herd size decreased the amount of time spent moving. Females devoted 

maximum time to foraging activity and minimum time to moving and resting than males.  
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                                                                                          Chapter 3 

MATERIALS AND METHODS 

 

3.1 Study species 

3.1.1 Wild field cricket 

 

This study was conducted on a wild population of the European field cricket Gryllus 

campestris, commonly known as the field cricket. Although a threatened species in its 

northern range, this cricket is prevalent in Southern and Central Europe (Hochkirch et al., 

2007). Gryllus campestris is found living in small burrows in meadows and other grassy 

areas. In this species, late instar nymphs and adults spend almost all their active time in the 

area just outside the burrow entrance and most activities occur there. The burrow itself 

serves primarily as a refuge from predators and probably from extreme weather, and late 

instar nymphs overwinter inside their burrows. During the breeding season, the area 

immediately outside the burrow serves as a site for calling songs, feeding, mating, 

oviposition and other social activities (Rodriguez-Muñoz et al., 2010; Bretman et al., 

2011).  

 

3.1.2 Life cycle of the field cricket 

 

Every year, in the late autumn, late instar nymphs of G. campestris excavate 

burrows into the soil and diapause there emerging the following year. These nymphs 

become active again between Jan–Mar, when they emerge from burrows they continue 

their development until last moult, and change into adults between April to May. When 

crickets become mature, the male crickets start singing to attract female crickets, and both 

sexes start moving often among burrows to seek mates. (Rodríguez-Muñoz et al., 2011). 

They mate often with different partners, and females lay hundreds of eggs into the soil 

around May and June (Rost and Honegger 1987, Rodriguez- Muñoz et al., 2010). After 

mating, males associate with their mates, display guarding behaviour (Alcock, 1994). 

Opposite sexes will share a burrow, but same sexes never share their burrow, and frequently 
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fight for a burrow (Rodríguez-Muñoz et al., 2011). Eggs hatch from May–July and nymphs 

remain active until October–November, when they start diapause as late instars. In late 

summer, adults die, and the only ones left are nymphs, which reproduce in the next summer 

(Rodríguez-Muñoz et al., 2011). 

 

3.1.3 Why field cricket 

 

There are a number of reasons why we used this species for our study. The fact that 

they live in close proximity to their burrows makes it possible to observe their lives in great 

detail. (Rodriguez-Munoz et al., 2010). Gryllus campestris are annual and univoltine, 

producing a single generation each year (Masaki and Walker, 1987). This makes it a 

suitable species for studying their activity in the wild, as they can be thoroughly studied 

over the entire season from their last nymphal stages through to adulthood. The potential 

to compare findings made in the wild with the large number of behavioural studies on 

crickets in the lab also make them an attractive study system (Hedrick 2000; Hedrick and 

Kortet 2006, 2011; Niemelä et al. 2015). 
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Fig 3.1 Male (right side) and female (left side) field cricket 

                                                  

 

 

 

 

 

 

 

 

                  Fig 3.2 Field cricket nymph 
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3.2. Study Site  

The study was undertaken at the “WildCrickets” project field site in Asturias, 

Northern Spain (Rodríguez-Muñoz et al., 2010). The study site offers the opportunity to 

examine detailed behaviour in field crickets. The video recordings upon which this thesis 

is based were collected during April-July during the breeding season when adults are 

active. 

 

 

 

Fig 3.3 Asturias location within Spain 
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                                                            Fig 3.4 Study site 
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3.3 Experimental Design 

3.3.1 Monitoring system  

 

From mid-February the meadow was thoroughly checked for cricket burrows on a 

weekly basis. Each burrow was given a flag with an individual number and day/night 

infrared CCTV cameras were placed over burrows. These motion sensitive cameras 

recorded cricket activity 24 hours a day, seven days a week using infrared illumination at 

night. Up to 140 cameras are available in a given season. Using this camera network and 

regular direct observations for non-video monitored burrows, the occupation of burrows 

by nymphs, and dates of adult’s emergence were observed. If a burrow examined by a 

camera was detected not being used by a cricket for a number of days, we moved the 

camera to a burrow where a cricket has recently been observed. From 2006 to 2017 we 

used IP day/night video cameras to monitor the entire activity of individually identified 

adult crickets around their burrows for 24 hours a day over the whole breeding season. 

Details of how the meadow is managed and our monitoring protocol are available in 

Rodriguez-Muñoz et al.(2010) and Rodriguez-Muñoz et al.(2019d). 

 

 

                              Fig 3.5 Burrow with a flag 
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                                                         Fig 3.6 IP day/night cameras in the field 
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Fig 3.7 Up to 140 cameras 

 

 

 

 

 

 

 

 

 

 



 

55 
 

3.3.2 Individual tagging 

 

Each newly emerged adult was captured at 2 to 3 days old, and was tagged with 

unique visible waterproof vinyl tag with a one or two character code, which was glued to 

its pronotum using cyanoacrylate glue (Fisher et al., 2015). Crickets were trapped typically 

from 08:00 – 16:00 GMT. The burrows were blocked while tagging the crickets trapped 

from them, to stop other animals and other crickets, from moving inside the burrow. 

Individual tagging allows us to identify every individual and observe their adult lives in 

great detail without disrupting natural behaviour. After tagging they were released back to 

the burrow we trapped it from. When the death of a cricket was not directly observed, the 

last observation date was assigned as the date of death. Migration in and out of the study 

site is relatively low (Rodríguez-Muñoz et al., 2010; Bretman et al., 2011), so we are 

confident that if a cricket is no longer observed it has died rather than moved to a new area. 

 

 

                                        Fig 3.8 Tagging 
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Fig 3.9 Crickets in Lab 
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3.4. Data collection 

Cricket activity was recorded using digital IP cameras running on a CCTV system 

called ‘iCatcher. All the periods of time when each individual cricket is known to have 

been using a burrow on its own i.e. not in shared occupancy with another individual were 

identified, and individuals were observed for the whole of their adult lifespan. To assess 

the daily activities of wild crickets, we selected a single video sequence to monitor them 

for this period. The videos for behaviour events were watched for each burrow (one burrow 

at a time) mainly at the originally recorded speed, but also utilising slower and faster 

playback speeds where necessary. Cricket burrows are built as a refuge from predators; 

they are unbranching and too narrow for an individual to turn around (REF), so we don’t 

expect much activity to happen inside. Crickets move between burrows, but they typically 

do so within a few minutes, so the vast majority of their behavioural activity can be 

observed in the area immediately outside their burrows where our cameras are placed.  

We are therefore able to record the complete range of behaviours exhibited by 

crickets in our population. These included singing by males and egg laying by females 

which are restricted to only one sex, and behaviours such as mating and fighting which 

only occur when more than one cricket is present. With the exception of cleaning 

behaviours, which involve small movements that we cannot observe reliably, we analyse 

the complete range of behaviours that we saw in solitary individuals of both sexes. All 

videos were watched at high speed during periods when there was no cricket activity. 

Different codes were assigned to each behaviour. Each time the cricket changed its 

behavioural state, the exact time was recorded.  
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3.4.1 Behavioural activities  

 

We recorded the precise time when the focal cricket changed its behaviour between 

each of 7 mutually exclusive categories: 

1. Cricket’s entire body is completely inside the burrow. The mouth of the burrow is defined 

by a vertical line from the highest point on the opening of the burrow down to the floor of 

the burrow below it. 

2. Part of the cricket’s body crosses the line defining the mouth of the burrow. Crickets 

moving rapidly from inside the burrow to outside the burrow may not be recorded as being 

in the burrow mouth if they move rapidly through this zone. 

3. Cricket’s entire body is outside the burrow and it is not engaging in any of the mutually 

exclusive activities listed below. 

4. Cricket observed physically eating; this activity included chewing and holding an item of 

vegetation, seeds or (rarely) an invertebrate and using its mandibles to consume part of the 

item.  

5. Cricket suddenly flees into the burrow in response to a perceived threat within less than a 

second (as opposed to slowly walking into the burrow which happens frequently and which 

is recorded as a change from category 3 to category 2 or 1. 

6. Each male sings at the entrance to his burrow to attract the female, raising its wings in a 

characteristic posture. A shrill sound is produced by rubbing the fore-wings together, the 

songs were produced most commonly in front of the burrow 

7. A female lays eggs around the burrow, by forcing her ovipositor straight down into the 

ground, at the same time her whole abdomen will move up and down which makes it easier 

to spot. 

 

The timing of changes in activity was recorded to a minimum precision of 1 minute 

for all categories except fleeing and to the nearest second for the onset of fleeing (5) and 

for the subsequent category (1 or 2) when the cricket re-emerged from its burrow. 
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3.4.2 Quantifying changes in behaviour  

 

Using the times of the events described in the previous section, for every day of 

observation we calculated a score for each cricket for a number of behavioural traits: 

1. Moves 

How often the cricket moved between the inside of the burrow, the mouth of the burrow 

and outside the burrow. 

 

2. Waiting  

How long the cricket spent at the entrance of the burrow. 

 

3. Outside  

How long the cricket spent outside the burrow (including time spent feeding). 

 

4. Re-emerging or Fleeing 

The time taken for the cricket to move back outside the burrow after a fleeing event. 

 

5. Feeding  

Whether or not the cricket was observed feeding on a given day, recorded as a binomial 

trait (we did not use the total time spent feeding as days with no observed feeding are 

common meaning that these data have a very skewed distribution). 

 

6. Inside 

 How long the cricket spent inside the burrow, cricket’s entire body is completely inside 

the burrow. 

 

7. Calling song 

How long the male cricket spent in singing songs to attract the females. 

 

8. Oviposition 

      How long the female cricket spent in oviposition. 
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3.4.3 Age-related variation in behaviour  

 

To examine age-related variation in behaviour (moves, waiting, outside, re-

emerging and feeding), we need a standardised measure of the expression of behaviours on 

as many days of each individual’s life as possible. Crickets frequently spend less than a 

whole day at a burrow (Rodríguez-Muñoz et al., 2019d), and movement among burrows 

disrupts the typical behaviours exhibited at a burrow. We could not simply use whatever 

portion of the day an individual was at a burrow under observation because time of day has 

a large effect on behaviours (Jacot et al., 2008). Therefore, for the analyses in this study 

we only included observations made between 7am and 12pm; by choosing a period of less 

than 24h there were more days per individual where data were available for the whole of 

the observational period. This is the part of the day when crickets are most active and levels 

of activity are fairly uniform across the period. We continuously monitored the air 

temperature in the meadow using a weather station in the centre of the meadow.  

Our previous work (Rodríguez-Muñoz et al., 2019c; Rodríguez-Muñoz et al., 

2019d) shows that senescence does not typically manifest itself as absolute declines in 

performance until around 15 days old; hence we only included individuals living at least 

20 days. Our prediction is that crickets will change their patterns of activity with age and 

this pattern will differ between males and females.  However, other than an expectation of 

declines in activity in old age and decreasing sensitivity to risk with age, current theory 

does not make specific predictions about the shape of the relationship between age and the 

expression of particular traits. Therefore, our analytical approach was to attempt to fit the 

most appropriate model to the relationship between age and the expression of the traits 

discussed above. We then used these models to examine the evidence for a difference 

between the sexes, with the potential for this to include differences in the pattern of any 

senescent declines in trait expression. 
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3.4.4 Personality in relation to time of day 

 

To investigate behavioural variation in relation to time of day, we documented the 

activity of each individual by observing it over 24-hrs using six different time periods 

(Period 1=00:00–04:00; 2=04:00–08:00; 3=08:00–12:00; 4=12:00–16:00; 5=16:00– 

20:00; 6=20:00–00:00). 

a. Diel activity pattern/chronotype 

  

The vast majority of important events were recorded in great detail such as hiding 

inside the burrow, moving inside or outside the burrow, waiting, feeding and fleeing (see 

Page 59). For each individual, time spent in active behaviours (minutes) was calculated for 

each hour of each day (fleeing events were recorded with as much precision as possible to 

the nearest second). The activity of each individual field cricket was determined by 

watching the video and continuously recording the time spent on these mutually exclusive 

categories as described earlier, for all hours in the 24 h period. 

b. Activity time budget patterns 

Time-activity budgets were expressed as the proportion of time spent in each 

activity respect to the total time. The principal activities of male cricket were feeding, 

waiting, hiding inside the burrow and calling song (see above); all other activities were 

included in “other” category. The principal activities of female cricket were feeding, 

waiting, hiding inside the burrow and oviposition; all other activities were included in 

“other” category. For comparing the time-activity budgets of both sexes, sex-specific 

behaviours (oviposition and singing) were placed in the “other” category to facilitate 

comparison. 

 

3.4.5 Personality in relation to time spent on different activities 

By using detailed manual analysis of recordings the vast majority of important 

events were observed (inside the burrow, waiting, feeding and fleeing) in order to identify 

how much time they spent on different activities throughout their life. 
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3.5. Statistical analyses 

            The analysis was started by comparing the fit of mixed models with different levels 

of complexity including individual age, sex, duration of the observation period and 

temperature as fixed effects, and cricket ID as a random effect on each of the behaviours. 

Age was included as both a linear and a quadratic term.  The fit of these models was 

compared using their relative AIC scores (∆AIC). Following Burnham et al. (2011), we 

consider the fit of models with a ∆AIC of smaller than 7 as similarly good, in which case 

we selected the simpler model. We tested all the models using the function lmer included 

in the lme4 R package (Bates et al. 2014) running on R Studio (v 1.0.143), with the only 

exception of the feeding activity, which was analysed using glmer and a binomial 

distribution. Before running the analyses, age was scaled and all the response variables 

were transformed using the square root (except the binomial feeding activity). For 

chronotype study statistical analyses were carried out using RStudio (R v.3.4.3) (Team, R. 

C. R: A language and environment for statistical computing. (2017).) We ran separate 

general linear models for each of the dependent variables using the aov R package with a 

normal error distribution.  

 

3.6. Ethical Note                                                              

The crickets used in this study are removed from the meadow for a period of a 

maximum of a few hours during which time we take a small haemolymph sample and 

attach a plastic tag by gluing it to the pronotum. Observations of individuals immediately 

after these procedures indicate that they exhibit normal behaviours within a few minutes 

of being released, and as far as we know, crickets have never died as a result of any of the 

procedures used in this study. Our tagged crickets live out their natural lives in the meadow.               
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                                                                                         Chapter 4                                                                                                 

RESULTS 

 

4.1 Behavioural change with age 

Age was included in the best model for 4 of the 5 traits, the only exception being 

the time taken for the cricket to re-emerge after fleeing down its burrow; for this trait the 

simplest model had the best fit (Table 4.1). The best model describing the time spent 

outside the burrow (Outside) included a linear interaction between age and sex (Table 4.1). 

For time spent at the entrance (Waiting), the best model included age but not sex (Table 

4.1). For how often the cricket moved in and out the burrow (Moves) and whether it fed or 

not during the observation period (Feeding), the best supported model included a quadratic 

age term, but neither models including the main term of sex, nor models including the 

interaction term of sex*age were supported (Table 4.1). The quadratic term of age means 

that there is a non-linear change in the expression of the trait with age. To determine 

whether this results in a peak of expression at some point in the lifespan, we used threshold 

models (Douhard et al., 2017; Rodríguez-Muñoz et al., 2019c). These models allowed us 

to establish whether a peak was present, and if it was, at what age the trait reached its peak 

value.  

 

Males showed a clear peak for the two traits (10.2 days for moves and 38.4 days 

for feeding) but there was no evidence of a peak in females (Fig.4.1). This suggests that 

the quadratic relationship identified in our original models (which include both males and 

females) are likely to be driven predominantly by the males in the dataset. To investigate 

this, we carried out another run of model selection with separate models for each sex. This 

confirmed the pattern identified in the threshold models. For males, the best model included 

a quadratic relationship between age and the expression of both traits (Table 4.2). For 

females, no quadratic relationship was present; feeding was best explained as having a 

linear relationship with age, whereas for movement, age was not included (Table 4.2).  
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Analysing the effect of age in observational studies is complicated by the fact that 

differences between age classes can occur because of within-individual declines, or 

because individuals surviving to older ages may not be a random sample of the population 

(Vaupel et al., 1979). To investigate whether age effects identified in the models described 

previously are artefacts of this selective disappearance, we performed additional analyses 

including age as two separate components on an individual basis: mean age (µAge; the 

mean age across all observation periods) and delta age (ΔAge; the difference between age 

measured at each observation period and µAge) (Van de Pol and Wright, 2009). This 

allowed us to separate within-individual effects from among-individual effects, i.e., the 

relationship between age and the expression of the trait within individuals from any 

potential age-specific selective mortality. For the two traits where males showed a non-

linear relationship with age (Moves and Feeding) we only analysed the lifespan portion 

after the peak, as this is the period when trait expression is declining. We included 

TotalTime, Temp and ID in the analyses of the four traits, and we include or excluded Sex 

on the basis of the results of our previous tests for model selection (Tables 4.1 and 4.2), 

Therefore, Moves was analysed only for males (post-peak); Waiting was analysed for both 

sexes separately, and Outside included both sexes and the Sex interaction with ΔAge. We 

had to remove males from the analysis of Feeding because the peak of the quadratic 

relationship between this variable and age in males happened so late in life that insufficient 

data were available. Sufficient data were available in females if we removed female ID as 

a random effect and ran the test using a general linear model. 
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Table 4.1. Relative AICc values (∆AICc) for comparisons among models to explain 

variation in five behavioral traits. Values show ∆AICc as compared to the value of the 

model with the lowest AICc (best fit). Fits with ∆AICc smaller than seven are considered 

as similar (Burnham et al. 2011). The simplest model among those with similar smaller 

AICc values is highlighted bold italics. Each record in the dataset includes the values for 

one day of observation.  

Model Moves Waiting Outside Re-emerge Feeding 

TotalTime + ID 32.0 7.1 17.7 0.0 38.3 

TotalTime + Temp + ID 14.0 8.3 8.3 4.9 26.6 

TotalTime + Temp + Age + ID 18.7 6.3 8.9 5.2 26.7 

TotalTime + Temp + Sex + Age + ID 21.9 6.1 9.0 6.5 27.9 

TotalTime + Temp + Age + Age2 + ID 0.0 6.4 13.0 8.8 0.0 

TotalTime + Temp + Sex*Age + ID 25.4 5.6 0.0 6.6 16.3 

TotalTime + Temp + Sex + Age + Age2 + ID 3.1 6.1 13.2 10.1 1.1 

TotalTime + Temp + Sex*Age + Sex*Age2 + ID 0.7 0.0 0.3 8.8 3.3 

 

TotalTime, duration of the observation period each day; Temp, mean ambient temperature 

during the observation period; Age, age of the cricket; ID, individual identifier. Moves is 

the number of times the cricket changed between being inside, at the entrance or outside 

the burrow. Waiting and Outside are the total time spent at the entrance or outside the 

burrow, Re-emerge is the time taken to move outside the burrow after rapidly fleeing 

inside. Feeding is whether the cricket fed or not during the observation period that day. 

TotalTime, Temp and Age are continuous fixed effects, Sex is a fixed factor and ID is a 

random factor. TotalTime was not included in the analysis of Re-emerge, as there is no 

way it can have an effect. 
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Table 4.2. Relative AICc values (∆AICc) for comparisons among models to explain 

variation in two behavioral traits treating males and females independently. Values show 

∆AICc as compared to the value of the model with the lowest AICc. The simplest model 

among those with similar smaller AICc values is highlighted bold italics. Fits with ∆AICc 

smaller than seven are considered as similar (Burnham et al., 2011). TotalTime, Temp and 

Age are continuous fixed effects and ID is a random factor. 

 

Model Moves Feeding 

 Males Females Males Females 

TotalTime + ID 35.5 0.0 16.1 18.9 

TotalTime + Temp + ID 19.0 3.0 9.4 16.3 

TotalTime + Temp + Age + ID 23.9 5.7 11.3 0.0 

TotalTime + Temp + Age + Age2 + ID 0.0 10.4 0.0 0.1 
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Table 4.3. The relationship between age relative to the mean age of each individual (ΔAge) 

and four behavioral traits.  The table shows the results of a mixed model using the lme4 R 

package with a normal distribution. Coefficients with significant P values are highlighted 

in bold italics. 

 

Fixed effects Moves Waiting Outside Feeding 

 Coef. SD P Coef. SD P Coef. SD P Coef. SD P 

             
Intercept 1.149 0.830 0.168 4.290 1.089 <0.001 -1.247 1.235 0.314 -3.457 1.284 0.024 

TotalTime 0.332 0.067 <0.001 1.134 0.110 <0.001 2.016 0.123 <0.001 0.538 0.121 0.005 

Temperature 0.119 0.037 0.002 -0.122 0.048 0.011 0.221 0.054 <0.001 0.093 0.064 0.149 

ΔAge -0.538 0.148 <0.001 0.495 0.185 0.006 0.503 0.519 0.333 0.765 0.269 0.005 

SexM       0.359 0.493 0.476    

µAge -0.534 0.501 0.312 -0.508 0.585 0.395 -0.008 0.441 0.986 1.476 0.419 <0.001 

ΔAge: SexM       -1.094 0.551 0.048    

             
Samples 153   403   403   150   

Random effects Var. SD N Var. SD N Var. SD N   N 

             
ID 0.650 0.806 13 2.217 1.489 28 0.498 0.706 28   15 

Residual 1.326 1.152  7.302 2.702  9.334 3.055     

             

 

We only analysed the sex and trait combinations where our previous analyses 

identified changes with age (Moves for males only, Waiting for both sexes independently, 

Outside for both with sex included and Feeding for females only; see methods and results). 

Two of the four traits showed signs of senescence, but only in males. Males 

declined in the number of times they moved in and out of their burrows with ΔAge, and in 

the time they spent outside (Table 4.3). However, the time spent waiting at the entrance 

was not affected by age in either sex, and the probability of feeding in females increased 

with age (Table 4.3). The combined analyses of the time spent outside including both sexes, 

showed an interaction between Sex and ΔAge. Males spent less time outside with ΔAge, 

but females did not. (Table 4.3; Fig. 4.2). 
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Figure 4.1. ∆AICc values obtained after running threshold models (Douhard et al., 2017) 

to identify the peak age in the expression of two traits for both sexes. Left, Moves; right, 

Feeding. The broken line shows the position of ∆AICc = 7 under which different models 

are considered equally good (Burnham et al., 2011).  
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Figure 4.2. Changes in the time individual crickets spent outside their burrows during the 

daily 5-hour observation period in relation to their age relative to their mean age (ΔAge).  

Values have been binned into age classes. There is a significant interaction between Sex and 

Age (Table 4.3). 

  



 

70 
 

4.2 Personality in relation to diel activity pattern / chronotype 

Statistical analyses were carried out using RStudio (R v.3.4.3) (Team, R. C. R: A 

language and environment for statistical computing. (2017)).  We ran separate general 

linear models for each of the dependent variables. The tables below show the results of 

general linear models using the aov R package with a normal error distribution.  

 

4.2.1 Time spent outside the burrow 

Results for Time spent outside the burrow are presented in Table 4.4, this model is 

the time outside the burrow (the dependent variable in this analysis) modelled as a function 

of (~) the time of day, the sex of the individual, the identity of the individual and how long 

the time slot lasted (for situations when the cricket left the burrow before the end of the 

time slot). In summary, there were highly significant differences in the dependent variable 

(OutsideT) among the different levels of the factors TimeSlot, sex and ID. There were 

significant among-individual differences in how much time they spent outside according 

to the time of day.  It means that individuals are differ in in terms of the time spent outside 

their burrows. There were significant differences in how much time males and females 

spent outside according to the time of day. This indicates that male crickets spent more 

time outside their burrows than female crickets. It is evident from the table (4.4) that there 

are big differences in the dependent variable (OutsideT) among the different levels of the 

factor TimeSlot Dur. There were significant differences in the dependent variable 

(OutsideT) among the different levels of the factor representing the interaction between 

timeslot and sex. This indicates that the effect of sex on how long crickets spend outside 

depends on the timeslot. So not only are there differences between the sexes in how long 

they spend outside (shown in the ‘Sex’ line above), but also the size of this difference 

depends upon what the timeslot is. Significant differences were found in the dependent 

variable (OutsideT) among the different levels of the factor representing the interaction 

between timeslot and ID. The effect of ID on how long crickets spend outside depends on 

the timeslot, mean that some individuals are more likely to be outside at particular times of 

day than other individuals. 
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Table 4.4. The table shows the results of general linear models using the aov R package 

with a normal error distribution for dependent variable (OutsideT) significant P values are 

highlighted in bold italics. 

Variable                            Df              Sum  Sq                Mean Sq                F value                  Probability 

     

TimeSlot                              5                   136.5                    27.293                   142.293                  < 2e-16   *** 

 

Sex                                       1                   13.3                      13.288                    69.277                   < 2e-16    *** 

 

ID                                         24                 14.8                      0.616                      3.209                      2.77e-07  *** 

 

TimeSlotDur                        1                   18.2                      18.164                    94.696                   < 2e-16     *** 

 

TimeSlot:Sex                       5                   2.2                         0.436                     2.275                       0.04491   *   

 

TimeSlot:ID                        120                33.4                      0.279                      1.453                       0.00138   **  

 

Residuals                             1721              330.1                   0.192                      

 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 

OutsideT, time spent outside the burrow during each observation period, time was in hours, 

but I used the square root transformation for analysis; TimeSlot, observation periods were 

grouped within six time periods of 4 hours (from 0:00 to 4:00, from 4:00 to 8:00, etc.), this 

factor indicates the period when the observation was carried out; TimeSlotDuration, this is 

the duration of the observation period (in hours); Sex, the sex of the cricket; ID, individual 

identifier. 
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4.2.2 Moves 

 

Results for dependent variable Moves are presented in Table 4.2, this model is the 

number of times the cricket moves (the dependent variable in this analysis) modelled as a 

function of (~) the time of day, the sex of the individual the identity of the individual and 

how long the time slot lasted. There were significant differences in the dependent variable 

(MovesT) among the different levels of the factor TimeSlot and ID. Male crickets and 

female crickets did not differ in the number of times they moved in and out of their burrow.  

There were significant among-individual differences in how many time crickets move 

according to the time of day. Males and females showed non-significant differences in how 

many time they move according to the time of day. This indicates that male and female 

crickets did not differ in how many time they move according to the time of day. Table 4.5 

showed that there are highly significant differences in the dependent variable (MovesT) 

among the different levels of the factor TimeSlot Dur. There were significant differences 

in the dependent variable (MovesT) among the different levels of the factor representing 

the interaction between timeslot and sex. The effect of sex on how many times crickets 

move depends on the timeslot. Significant differences were found in the dependent variable 

(MovesT) among the different levels of the factor representing the interaction between 

timeslot and ID. The effect of ID on how many times crickets move depends on the 

timeslot, some individuals are more likely to move at particular times of day than other 

individuals. 
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Table 4.5. The table shows the results of general linear models using the aov R package 

with a normal error distribution for dependent variable Moves, significant P values are 

highlighted in bold italics.  

 

 

Variables                         Df            Sum Sq           Mean Sq         F value            Pr(>F) 

     

 

TimeSlot                           5               47.1                  9.43                19.964               < 2e-16         *** 

 

Sex                                    1               0.7                    0.71                1.500                  0.221     

 

ID                                     23              53.5                 2.32                 4.921                  3.05e-13       *** 

 

TimeSlotDur                    1               220.6                220.60              467.073            < 2e-16          *** 

 

TimeSlot:Sex                   5               15.4                 3.09                   6.538                 5.09e-06        *** 

 

TimeSlot:ID                    114           115.0                1.01                  2.137                  3.44e-10        *** 

 

Residuals                        1356         640.4                 0.47                      

--- 

 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1 

 

MovesT, is the number of times the cricket changed between being inside, at the entrance 

or outside the burrow, I used a log transformation for the analysis; TimeSlot, observation 

periods were grouped within six time periods of 4 hours (from 0:00 to 4:00, from 4:00 to 

8:00, etc.), this factor indicates the period when the observation was carried out; 

TimeSlotDuration, this is the duration of the observation period (in hours); Sex, the sex of 

the cricket; ID, individual identifier. 
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Fig 4.3 Number of moves for each individual cricket across different time periods, in order 

to illustrate the diversity of chronotypes among individuals. Vertical bars represent 

standard error of the mean. Moving is the number of times the cricket changed between 

being inside, at the entrance or outside the burrow. 

 

 

 

 

 

 

Fig. 2.4 mean proportion of time spent in moving across different time periods, vertical bars 
represent standard error of the mean 
 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

1 2 3 4 5 6

m
e

an
 m

o
ve

m
e

n
t

Time periodUX

0

0.05

0.1

0.15

0.2

1 2 3 4 5 6

m
e

an
 m

o
ve

m
e

n
t

Time periodV6

0

0.05

0.1

0.15

0.2

1 2 3 4 5 6

M
e

an
 m

o
ve

m
e

n
t

Time periodVV

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

1 2 3 4 5 6
M

e
an

 m
o

ve
m

e
n

t

Time periodVX

0

0.02

0.04

0.06

0.08

0.1

0.12

1 2 3 4 5 6

m
e

an
 m

o
ve

m
e

n
t

Time periodVZ



 

78 
 

4.2.3. Time spent feeding 

 

Results from Time spent feeding are presented in Table 4.3. Table showing the time 

spend feeding (the dependent variable in this analysis) modelled as a function of (~) the 

time of day, the sex of the individual the identity of the individual and how long the time 

slot lasted. There were highly significant differences in the dependent variable (Feeding T) 

among the different levels of the factor TimeSlot, sex and ID. There were significant 

among-individual differences in how much time they spent in feeding according to the time 

of day. There were significant differences in how much time males and females spent in 

feeding according to the time of day. This indicates that male and female crickets differ in 

how much time they spent in feeding according to the time of day. It is clear from the table 

that there are significant differences in the dependent variable (Feeding T) among the 

different levels of the factor TimeSlot Dur. There were non-significant differences in the 

dependent variable (Feeding T) among the different levels of the factor representing the 

interaction between timeslot and sex. The effect of sex on how long crickets spend feeding 

does not depend on the timeslot. Finally, there are significant differences in the dependent 

variable (Feeding T) among the different levels of the factor representing the interaction 

between timeslot and ID. The effect of ID on how long crickets spend feeding depends on 

the timeslot, some individuals are more likely to be feed at particular times of day than 

other individuals. 
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Table 4.6. The table shows the results of general linear models using the aov R package 

with a normal error distribution for dependent variable feeding, significant P values are 

highlighted in bold italics. 

 

Variables                       Df                  Sum Sq                Mean Sq                 F value                   Pr(>F)  

    

 

TimeSlot                         5                     0.683                   0.1366                       5.603                     4.82e-05  *** 

 

Sex                                  1                    0.198                    0.1979                       8.115                     0.004561  **  

 

ID                                    23                 1.378                     0.0599                      2.456                      0.000213  *** 

 

TimeSlotDur                   1                   0.641                     0.6405                      26.268                     4.17e-07  *** 

 

TimeSlot:Sex                  5                   0.092                     0.0184                      0.756                       0.581998     

 

TimeSlot:ID                   98                 3.403                      0.0347                      1.424                      0.008217  **  

 

Residuals                       529               12.899                    0.0244                      

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1 

 

FeedingT, time spent feeding during each observation period, time was in hours, but I used 

the square root transformation for analysis; TimeSlot, observation periods were grouped 

within six time periods of 4 hours (from 0:00 to 4:00, from 4:00 to 8:00, etc.), this factor 

indicates the period when the observation was carried out; TimeSlotDuration, this is the 

duration of the observation period (in hours); Sex, the sex of the cricket; ID, individual 

identifier. 
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Table 4.7 Percent time spent in various activities of female field crickets across the time 

of day. Entrance (waiting) and inside are the total time spent at the entrance or inside the 

burrow. Oviposition is how long the female cricket spent in oviposition. Re-emerge is the 

time taken to move outside the burrow after rapidly fleeing inside. Feeding is whether the 

cricket fed or not during the observation period that day. All other behaviours are included 

in the ‘other’ category. 

 

Period inside entrance 

(waiting) 

feeding oviposition other 

1(0-4) 21.39% 68.88% 1.86% 0.75% 7.11% 

2 (4-8) 30.05% 45.24% 1.56% 0.20% 22.94% 

3 (8-12) 6.00% 24.63% 2.73% 0.02% 66.61% 

4 (12-16) 17.24% 26.68% 3.03% 1.35% 51.70% 

5 (16-20) 38.35% 41.22% 1.66% 0.74% 18.03% 

6 (20-0) 18.30% 71.88% 2.26% 0.53% 7.04% 

 

We depict the mean activity budget of female field crickets across the time of day 

(Table. 4.7; Fig. 4.4). Waiting (Spending time in burrow entrance) was the dominant 

behaviour of female crickets. Generally, females spent maximum time in the burrow 

entrance during the time period 20-0 (71.88%) and spent minimum time in the burrow 

entrance during time period 8-12 (24.63%).  Female field crickets spent most of time inside 

the burrow during time period 16-20 (38.35%). Maximum feeding occurred during time 

period 12-16 (3.03%) while they fed less during time period 4-8 (1.56%). They spent more 

time in oviposition during time period 12-16 (1.35%). Female mostly engaged in other 

activities during time period 8-12 (66.61%). 
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Table. 4.8 Percent time spent in various activities of male field crickets across the time of 

day. Percent time spent in various activities of female field crickets across the time of day.  

Entrance (waiting) and inside are the total time spent at the entrance or inside the burrow. 

Calling song is how long the male cricket spent in singing to attract females. Feeding is 

when the cricket fed during the observation period that day. All other behaviours are 

included in the ‘other’ category. 

 

Period inside entrance 

(waiting) 

feeding singing other 

1(0-4) 23.81% 56.82% 1.03% 11.01% 7.32% 

2 (4-8) 20.58% 40.87% 1.40% 7.21% 29.94% 

3 (8-12) 3.91% 16.61% 26.64% 20.59% 56.19% 

4 (12-16) 6.87% 17.82% 2.32% 28.66% 44.32% 

5 (16-20) 26.64% 37.12% 1.44% 17.38% 17.42% 

6 (20-0) 16.61% 56.40% 1.29% 17.00% 8.70% 

 

Table 4.8 and Fig. 4.5 show mean activity budget of male field crickets across the 

time of day. Spending time in burrow entrance was the dominant behaviour of male 

crickets. They spent maximum time in the burrow entrance during time period 0-4 

(56.82%) and spent less time in the burrow entrance during time period 8-12 (16.61%). 

Male crickets spent most time inside the burrow during time period 16-20 (26.64%). 

Maximum feeding occurred during time period 8-12 (26.64%) while they fed less during 

time period 0-4 (1.03%). Males mostly engaged in other activities during time period 8-16 

(56.19%). They sang more during time period 12-16 (28.66%) and sang less during time 

period 4-8 (7.21%). 
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Fig. 4.4 Mean activity budget of female field crickets across the time of day, different 

numbers for time period indicate time (0-4, 4-8, 8-12, 12-16, 16-20, 20-0)   

 

 

 

Fig. 4.5 Mean activity budget of male field crickets across the time of day, different 

numbers for time period indicates time (0-4, 4-8, 8-12, 12-16, 16-20, 20-0)   
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Table. 4.9 Sex differences in proportion of time (%) spent by male and female field 

crickets, across the time of day (placing sex-specific behaviours (oviposition and singing) 

in the “other” category to facilitate comparison), different numbers for time period indicate 

time (0-4, 4-8, 8-12, 12-16, 16-20, 20-0)  

 

Period        inside       entrance     feeding       other 

 Male Female Male Female Male Female Male Female 

1 23.81% 21.39% 56.82% 68.88% 1.03% 1.86% 18.33% 7.87% 

2 20.58% 30.05% 40.87% 45.24% 1.40% 1.56% 37.15% 23.15% 

3 3.91% 6.00% 16.61% 24.63% 2.71% 2.73% 76.77% 66.64% 

4 6.87% 17.24% 17.82% 26.68% 2.32% 3.03% 72.98% 53.05% 

5 26.64% 38.35% 37.12% 41.22% 1.44% 1.66% 34.80% 18.77% 

6 16.61% 18.30% 56.40% 71.88% 1.29% 2.26% 25.70% 7.57% 

 

The complete results for the activity time budget of male and female crickets are 

given in Table 4.9 and fig 4.6. Comparison of time budgets of males and females, revealed 

differences between the sexes. Male crickets spent maximum time in the burrow entrance 

during time period 0-4 (56.82%) while female crickets spent maximum time in the burrow 

entrance during time period 20-0 (71.88%). Males were more likely to feed during time 

period 8-12 (2.71%) while females are observed to feed more likely during time period 12-

16 (3.03%). Both sexes spent maximum time inside the burrow during time period 16-20 

and devoted more time to other activities during time period 8-12. 
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Fig. 4.6 Sex differences in proportion of time (%) spent by wild field crickets: (A) females 

and (B) males across the time of day (placing sex-specific behaviours (oviposition and 

singing) in the “other” category to facilitate comparison), different numbers for time period 

indicate time (0-4, 4-8, 8-12, 12-16, 16-20, 20-0)  
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4.3 Personality in relation to time spent on different activities 

Mean time spent in various behaviours for males and females of wild field crickets 

is presented in Fig. 4.7. Differences were detected between these activities for male 

compared to female. Wild field crickets of both sexes spent the majority of each day inside 

the burrow. fleeing was less common for either sex.  On average, females spent more time 

inside the burrow and burrow entrance (waiting) than did males.  Females allocated more 

time to feeding than males. Female spent more time fleeing than male. Male spent more 

time engaging in all other behaviours than females. 

 

 

Fig. 4.7 Mean time spent in various behaviours for males and females of wild field crickets 

(placing sex-specific behaviours (oviposition and singing) in the “other” category to 

facilitate comparison), Vertical bars represent standard error of the mean. Percent time 

spent in various activities of female field crickets across the time of day.  Entrance (waiting) 

and inside are the total time spent at the entrance or inside the burrow. Oviposition is how 

long the female cricket spent in oviposition. Re-emerge is the time taken to move outside 

the burrow after rapidly fleeing inside. Feeding is whether the cricket fed or not during the 

observation period that day. All other behaviours included in the ‘other’ category. 
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Fig. 4.8 shows that wild crickets differed in how many times they moved in and out 

of its burrow (moves). This indicates that some individuals were more likely to move than 

others.   

 

 
 

 

 

Fig. 4.8 Mean number of moves per day (either completely inside the burrow, or in the 

mouth of the burrow, i.e. part in and part out of the burrow, or completely out of the burrow) 

among different individuals, vertical bars represent standard error of the mean. 
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Fig. 4.9 shows that are among individual differences in the singing activity of male 

field crickets. It indicates that some individuals sing more than others.  

 
 
 

 

Fig. 4.9 Mean time duration spent in singing among different individuals, vertical bars 

represent standard error of the mean. 
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                                                                                                 Chapter 5                                                                                                                                                                                    

DISCUSSION  

5.1 Aging 

We found evidence for age-related changes in the expression of all but one of the 

traits that we examined. In 2 of those traits (the frequency of movements through the 

entrance of the burrow (Moves) and the time spent outside (Outside)) the changes were 

indicative of senescence, but only in males (Table 4.3). Because the relationship between 

the expression of these traits and fitness is unknown, we cannot unequivocally describe a 

decline in their expression as being consistent with senescence. However, movement in 

and out of the burrow requires energy and males can only gain fitness via attracting and 

mating with females which can only occur outside the burrow. Hence declines in these 

traits are very likely to reflect declines in expression of energetically costly behaviour and 

reproductive rate. This is consistent with previous findings of age related increases in 

probability of mortality and declines in male singing in later life (Rodríguez-Muñoz et al., 

2019b; Rodríguez-Muñoz et al., 2019c). We found direct evidence for an interaction 

between sex and age both in relation to the proportion of time that individuals spent outside 

their burrows and also whether individuals fed or not (Table 4.3). Table 4.3 and figure 4.2 

reveal that the interaction involving sex and age explaining time spent outside the burrow 

is caused by a consistent decline with age in males which contrasts with the lack of an 

effect of age in females. For whether an individual fed or not, the figure suggests an 

increase in expression in females and no pattern in males (Table 4.3; figure 4. 2). 

Two of the traits that changed with age, Moves and Feeding, showed a quadratic 

relationship with age.  We investigated this relationship using threshold models (Douhard 

et al., 2017).  This revealed that there was clear evidence of a peak age in relation to the 

expression of both traits in males but not for females (shown in Figure 4.1) by the sharply 

lower AICc value for the males’ model, with a peak at around 10 and 38 days, respectively, 

and no evidence of a peak in females. This apparent sex difference is supported by the 

separate models of ageing in males and females shown in Table 4.2, where the best fitting 
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model includes a quadratic effect of age in males, but not in females. There is something 

of a contradiction between this observation of an apparent sex difference in age-trajectories 

in the analyses in Fig 4.1 and Table 4.2 and the lack of a significant interaction between 

sex and age in our original model selection procedure for these traits (Table 4.1). This 

might be due to the low power of the quadratic models to detect these differences in the 

absence of a clear peak of expression. For Moves, the portion of life post-peak showed a 

significant decline in males, whereas in females there was no evidence that Moves was 

affected by age. For Feeding, our results are inconclusive. We could not analyse the post-

peak portion in males, although the existence of a peak indicates that at least there was a 

continuously decelerating effect of age. In females the relationship was positive over their 

whole life, but because we do not have female data for ages after the peak age of males, it 

is unclear whether there is really any sex-difference in the expression of this trait.  The lack 

of data for very old females in this subset of our population is not reflected in the population 

as a whole where males and females have very similar average lifespans (Rodríguez-

Muñoz et al., 2019c).  

 

A conservative assessment of our findings in relation to the theoretical prediction 

that males should decline faster than females (Bonduriansky et al,. 2008) would be that 

there is clear evidence that males decline in how much they move in and out of their 

burrows as they age whereas evidence for this pattern in females is lacking.  

 

Sex differences in senescence have previously been documented in a relatively 

small number of wild animals. Sparkmann et al. (2016) found that in red wolves (Canis 

rufus) there was no evidence of a relationship between maternal age and the production of 

adult offspring whereas males showed a steep decline in their success in siring recruits to 

the population.  Similarly, in red deer (Cervus elaphus). Nussey et al., (2009) identified 

faster declines in breeding success in males compared to females despite observing that 

individual reproductive traits varied in their patterns of senescence, with some male 

secondary sexual traits apparently declining more slowly than some female traits. Beirne 

et al., (2015) identified a sex difference in the rate of late-life decline in body mass in 

European badgers (Meles meles). They were able to show that this sex difference was a 
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direct result of intrasexual competition between males, and only occurred in groups where 

males experienced high levels of competition early in adulthood. We cannot definitively 

identify the reason why male crickets in our population appear to show steeper declines 

with age in the expression of some behaviours compared to females. However, we have 

previously identified an increase in mortality rate with age (actuarial senescence), and in 

the rate of decline in male calling effort (behavioural senescence) in years where the sex 

ratio is more male biased (Rodríguez-Muñoz et al., 2019a). This suggests that intrasexual 

competition plays a role in male senescence in this species. However, we would need to 

repeat the analysis described in this study across multiple years of our study to directly 

examine this relationship. The data included in this study were extracted from a year with 

a female biased sex ratio, when calling effort showed no decline with age (in contrast to 

more even sex ratio years) (Rodríguez-Muñoz et al,. 2019a); this suggests that greater sex-

differences might be apparent if we analysed video from years in which the proportion of 

males in the population was more even. 

 

The only trait that did not show a change in expression with age in either sex was 

the time it took individuals to re-emerge from their burrows after a predator fleeing event.  

Hiding in the burrow is a risk-avoidance strategy that carries the cost of reducing the time 

available for reproduction. Therefore, our prediction was that as individuals aged and their 

future reproductive potential decreased, they would be more likely to take risks 

(McNamara et al., 1991). We did not observe this effect. This might indicate that it is 

absent, or that senescent declines in speed of movement balance out a greater willingness 

to re-emerge. This latter possibility does not seem very likely however, because re-

emergence only involves the cricket slowly reversing out of the burrow which is within the 

capacity of even very old crickets. Closely related to this is our finding that the time spent 

at the entrance of the burrow increased with age in a similar way for both sexes. This might 

be indicative of senescence, as it means that they take more time to move between being 

inside or outside of their burrows. 

 

Overall, our study confirms our earlier findings of a general pattern of age-related 

declines in performance in wild crickets.  We find evidence for sex differences in patterns 
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of senescence. Rather than simple differences in the rate of decline, these differences 

manifest as divergent patterns of age-dependent changes in trait expression. Males show 

significant peaks of expression during adulthood in two of the behaviours we studied, with 

subsequent declines in old age, whereas in females there is no conclusive evidence for 

quadratic forms of variation in trait expression. Neither sex appears to become less risk-

averse with age. Our results are consistent with life-history theories of senescence, which 

predict that selection for sex-specific differences in reproductive strategies might result in 

differences in the patterns of senescence between the sexes. 
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5.2 Chronotype/ diel activity pattern 

We found evidence of among-individual behavioural differences in 3 traits (how 

many times the cricket moved in and out of its burrow (moves), how long it spent outside 

the burrow (outside) and how likely it was to be observed feeding (feeding) that we 

examined according to the time of day. Fisher et al. (2015) found evidence of both long-

term and short- term among-individual differences in activity levels of wild field cricket.  

Pepin and Cargnelutti (1994) found evidence of significant among-individual differences 

in activity pattern of hares, Lepus europaeus. In our current study we observed that some 

individuals are more likely to be outside, feed and move at particular times of day than 

other individuals. Activity levels of Queen conchs were highly variable among individuals, 

with some more active during daylight hours and others at night (Brownscombe et al., 

2015). 

 

We observed that male and female differed in how long they spent outside the 

burrow (outside). However, we found no evidence that the sexes differed in how many 

times the cricket moved in and out of its burrow (moves). Female field crickets are more 

active than males (Fisher et al., 2015). Toft (1983) reported that male bee flies, tended to 

move more than female bee flies. Włodarczyk (2017) did not find any sex-related 

differences in the movement activity of mute swans. Aldryhim and Ayedh (2015) showed 

remarkable differences between the sexes in activity pattern of red palm weevil, 

Rhynchophorus ferrugineus.  Podolski et al. (2013) found no evidence of sex differences 

in activity patterns of Eurasian lynx (Lynx lynx) according to time of day. Similarly, 

Hidalgo-Mihart et al. (2009) found no differences in the activity patterns of coyote between 

sexes on any of the four diel intervals (dawn, dusk, night, and day). Kolowski et al. (2007) 

examined that male spotted hyenas are more active than females, especially in the morning 

and showed higher movement rates than female.  Broadhead et al. (2017) found sex-related 

differences in the mean timing activity of hawk moth, Hyles lineata under control 

conditions.  
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Males and females differed in how long they spent feeding. Females spent more 

time feeding than males (fig. 4.7). These findings are somewhat in agreement with (Pivnick 

and McNeil, 1987) they compared the mean duration of the different activities of male and 

female European skipper, T.lineola and observed that females feed more than males and 

their feeding bouts were longer than males. Females of two species of bee flies, Lordotus 

pulchrissimus and L. miscellus tended to feed more than males (Toft, 1983). In some 

primate species, males have been shown to spend less time feeding and/or more time 

resting (Prates and Bicca-Marques, 2008; Masi et al., 2009; Shanee and Shanee 2011) but 

in others no difference was found (Isbell and Young, 1993).  

 

Field crickets spent maximum time inside the burrow and in the burrow entrance 

during night hours when they generally avoided leaving their burrows (Table. 4.9). Field 

crickets are most active during day hours (Ritz and Köchler, 2007) they move less among 

burrows during night hours, probably because of the low ambient temperature (Rost and 

Honegger, 1987) and probably due to the threat of predators. Hence, as dusk approaches 

the benefit of finishing daily activity and retreating into a safe shelter increases (Rodríguez-

Muñoz et al., 2010). In contrast solitary desert locusts, S. gregaria, are more active after 

dusk than during day time (Ely et al., 2010). Mute swan devoted significantly less time on 

moving activity at 15:00 hrs than during early morning and evening hours (Włodarczyk, 

2017). Field crickets differed in the diel calling pattern (Table 4.8). They show differences 

not only in the diel calling pattern of different males, but also in the amount of calling per 

day (Rost and Honegger, 1987). 

 

Overall, our study confirms previous findings of among individual differences in 

time-of-day related behaviours among wild crickets. We found evidence of among-

individual differences in 3 traits (how many times the cricket moved in and out of its 

burrow (moves), how long it spent outside the burrow (outside) and how likely it was to be 

observed feeding (feeding) according to the time of day. We found evidence for sex 

differences in 2 traits (feeding, outside) whereas there is no evidence of sex differences for 

moves.  
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CONCLUSION 
 

Although studying senescence in the wild involves a number of challenges, studies 

are moving on to learn more about the variation of senescence. This study has addressed a 

range of questions focusing on the individual behaviours of a population of wild field 

crickets. The WildCrickets system presents an ideal opportunity to study the individual 

behaviours of an invertebrate in the wild. This has allowed us to examine detailed 

behaviour in field crickets. This research contributes new knowledge about the behavior of 

field crickets in relation to senescence and chronotype.  

 

In conclusion, we have found the evidence of among and within individual variation 

in behavior across adult lifespans. we have shown how individual behaviour changes with 

age. We found evidence for senescent declines in two of the traits in males, but not in 

females. We found evidence of among-individual differences in 3 traits (how many times 

the cricket moved in and out of its burrow (moves), how long it spent outside the burrow 

(outside) and how likely it was to be observed feeding (feeding) according to the time of 

day. Our findings support the prediction that males senesce faster than females; 

experiments in nature will be needed to determine whether this pattern arises from the 

trade-offs that have been hypothesised. This research contributes valuable information to 

the field of biogerontology, Entomology and Animal Behaviour. Current study would also 

contribute to general ageing research that aim to provide evolutionary explanations of 

ageing and senescence across the tree of life. We believe that such work will shed light on 

many important questions in ecology and evolutionary biology. 
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Recommendation 

There are several interesting questions that remain to be investigated in a population 

of wild crickets. This study has given us an insight into the variation seen in the behavior 

of wild crickets. In the future it will be possible to link these findings with more 

observational data on individual behaviour and life-histories. Due to the nature of the long-

term observational video footage collected within the WildCricket project, there are many 

possible avenues to extend this study further, it will be possible to analyse senescence with 

other behavioral traits. Following from our empirical work on wild cricket, similar detailed 

within-population studies on other insect species will be useful to study both senescence 

and diel activity pattern.  

In current study we analysed the complete range of behaviours seen in solitary 

individuals of both sexes when individuals were alone at a burrow. It would be interesting 

to examine behaviour when more than one cricket is present in a burrow, this may enable 

us to compare their behaviour. It would be interesting to examine diel activity pattern in 

young crickets. Although we observed males moved less often and spent less time outside 

their burrows as they aged, whereas females showed no age-related changes in either trait. 

In future it would be beneficial to look at the causes of these differences between males 

and females. Experiments in the laboratory will be needed to determine senescence and 

diel activity patterns in wild cricket. It would be interesting to find the factors or conditions 

that cause senescence to be expressed differently in wild versus captive populations. 

Our DNA profiling will allow us to compare lifespan and senescence in siblings 

and also between parent and offspring. This will then allow the partition of variation 

between genetic and the environmental factors, perhaps enabling us to see if behavioural 

variation is heritable. In future we should also be able to see how behavior is affected by 

the environment by comparing closely related individuals. To develop our understanding 

of senescence with regards to evolution in the wild, it seems there is a need to measure the 

strength of both natural selection and sexual selection on the traits of interest. This will be 

essential in the future to understanding how variation in lifespan and senescence came 

about in the wild. There are a number of ways this incorporation of sexual selection and 
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reproductive effort could add to our understanding of the evolution of senescence in the 

wild.  

Our study demonstrates that a significant proportion of the variation in senescence 

rate in the wild can be explained by variation in environmental factors. The strength of 

these effects suggests that the effort needed to execute an experimental investigation into 

the mechanistic basis of our observations would be worthwhile. It would also be beneficial 

to collect further behavioural data over next years to improve our knowledge and begin to 

focus the slightly shadowy picture we currently have. We hope this study stimulates others 

to use approaches such as this to gain more complete understanding of animal behaviour. 
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