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Personalities of the social and solitary spider species 

Stegodyphus dumicola and Pisaura mirabilis 
Signe Klange 

Genetics, Ecology & Evolution Section, Department of Bioscience, Aarhus University,  

Ny Munkegade 116, 8000 Aarhus C, Denmark 

 

Abstract 

In recent years there is accumulating evidence for presence of personalities in not only 

humans, but also in a wide range of animal species. Animal personalities are defined as 

consistent individual behavioural differences that are expressed across a range of contexts and 

time. Understanding how individual differences in personality develop during the lifetime of 

an animal is a topic of considerable interest. 

The social spider Stegodyphus dumicola and the solitary spider Pisaura mirabilis were used 

in this study to test whether behavioural traits are consistent over time and developmental 

stages. All spiders used in the experiment were juveniles and observed over several 

developmental stages, i.e. instars. I used boldness and feeding behaviour assays to test 

whether individual variation was stable over time. I tested whether individual behaviour 

changes gradually over time or with instars and if traits are correlated to show individual 

personalities.  

In general, individuals had stable personality traits relative to each other, indicating that 

behavioural variation is selected for and upheld within the populations. Overall, the 

personalities shifted towards a bolder behaviour over time, suggesting a change in behaviour 

as individuals grow. This change in behaviour was found to occur gradually over time, rather 

than shift with developmental stages in Stegodyphus dumicola, while in Pisaura mirabilis 

some behaviours changed gradually over time and others showed evidence of changing during 

moulting. Some behavioural traits were correlated in both species, indicating that behavioural 

traits are consistent across context. The results overall suggest that personalities are present in 

the two species.  

 

Introduction 

Personality 

Personality is a term that originates from psychology, and it refers to behavioural tendencies 

that differ across individuals, with the variations staying constant for individuals over time 
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(Van Oers et al., 2005, Briffa et al,. 2008; Stamps & Groothuis, 2010). This variation will 

affect the behaviour of individuals expressed in different contexts (Reale et al., 2007). 

Animals often differ from each other consistently in their reaction towards the same 

environmental stimuli. These individual variations in behaviour are also frequently expressed 

across a wide range of contexts and situations: individuals commonly differ consistently in 

whole suites of functionally distinct behavioural traits over time. These individual variations 

in suites of correlated traits that are stable over time are defined as animal personalities 

(Dugatkin, 2003; Dingemanse & Reale, 2005; Stamps & Groothuis, 2010). 

The concept of personality has for long been accepted as existing in humans, since personality 

might seem to require a complexity and finesse that is unique to us. For animals, however, it 

is an emerging field attracting increasing interest. The reason for this delay in acceptance may 

be because the topic can be considered controversial (Stamps & Groothuis, 2010) since 

animals are considered less multifaceted than humans. Personalities have nevertheless 

recently been observed in animals across many taxa, including vertebrates such as frogs 

(Wilson & Krause, 2012), salamanders (Sih et al., 2003), fish (Wilson et al., 1993, Wilson & 

Godin 2009), lizards (Cote & Clobert, 2007), birds (Dingemanse et al., 2004), rodents 

(Koolhaas et al., 1999) and large mammals such as bighorn sheep (Reale et al., 2000). Recent 

discoveries show that personalities are also present in invertebrates such as spiders (Grinsted 

et al., 2013; Pruitt et al., 2011, Pruitt & Reichert 2011b), beetles (Tremmel & Müller, 2012) 

and bees (Wray et al., 2011), providing evidence that personalities can be found across most 

animal taxa, although personalities in invertebrates is still a topic that needs investigation.  

Most commonly, studies of animal personality link explorative behaviour, aggressiveness and 

boldness, which are traits that have been observed in animals across many taxa (Wolf et al., 

2007; Sih, et al., 2004; Koolhaas et al., 1999).  

Consistent behavioural variation of individuals is often referred to as “temperament”, “coping 

styles”, “coping strategies” or “personality” (Stamps & Groothuis, 2010; Reale et al, 2007). 

These terms originally developed independently in the literature, but their meanings have 

converged with the definition of personality indicated above (Stamps & Groothuis 2010; 

Reale et al., 2007). “Behavioural syndromes”, a term that is also often used in the literature, is 

defined as variations in behaviour patterns among individuals that are either stable across time 

or correlated across context (Luttbeg & Sih 2010; Stamps & Groothuis 2010; Briffa et al., 

2008). This means that behaviour that satisfies the criteria for personality also satisfies the 

criteria for behavioural syndrome, while the reverse in not true (Briffa et al., 2008). Since I 

am working with behaviour across time and context in this study, I use the term personality.  
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The context is the external stimuli the individual will face when it expresses a given 

behaviour. This can include prey, conspecifics, new environments or threats.  Practical tests to 

observe personality traits have included introducing prey to animals, placing them in a new 

environment or observing their responses to conspecifics (Pruitt et al., 2011).    

Behaviour has long been considered the most plastic phenotypic trait, as it is likely to show 

the fastest response to changing conditions. However, phenotypic plasticity, the ability of an 

organism to change its phenotype in response to changes in the environment, is costly to 

produce and maintain (Briffa, et al., 2008). Variations in behavioural traits can have profound 

effects on the fitness of the animals (Wray et al., 2011; Smith & Blumstein 2008; 

Dingemanse & Reale 2005, Dingemanse et al., 2004). Variation can lead to increased success 

in foraging behaviour and breeding in the right environment (Dingemanse et al., 2004). 

Individual behavioural variation is important in a population living in a changing 

environment, as the individual best adapted to the circumstances have a higher likelihood of 

surviving and reproducing, and therefore increasing their fitness. As the environment changes, 

a different phenotype may become the most successful, upholding variation in the population 

(Stearns, 1992) as found by Dingemanse et al. (2004) who showed that the selection pressure 

on behavioural traits in Great Tits varied significantly from year to year and between sexes. 

Variation in personality is therefore likely maintained by variation in the environment because 

different types are advantageous in different environments. Different types are therefore 

successful in different environments.    

How personality types are selected for in nature is largely unknown, but it probably involves 

fluctuating selection pressures caused by environmental variability and frequency dependent 

selection, as shown by Dingemanse et al. (2004) in his study on great tits. This study found 

fluctuating selection pressure on foraging behaviour that coincided with environments of 

different years. 

Natural selection is the on-going process by which traits become more or less common in a 

population. This is a function of the effect of inherited traits on the reproductive success of 

organisms in their environment – a key mechanism of evolution (Freeman & Herron, 2004; 

Darwin, 1859). When traits are correlated, they are usually inherited as a package (Lynch & 

Walsh, 1998; Price and Langen, 1992), creating a situation where single traits do not always 

evolve in isolation. Instead the groups of correlated traits evolve in sets, which can potentially 

give rise to personality types (Lynch & Walsh, 1998; Price & Langen, 1992). 

Most behavioural traits are expected to be partly heritable and to influence life-history traits, 

thereby being the target of selection  (Costra Jr. & McCrae, 1989). Differences between 
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individuals in a population can be selected for and give rise to a stable coexistence of two 

extreme strategies as agued by Wolf et al., (2007). For example in the social spider 

Anelosimus studiosus, fitness is optimized for the whole colony if it consists of a mixture of 

aggressive and docile females, as compared to exclusively docile or aggressive colonies. This 

can make grounds for selective pressures on different personalities in a population (Pruitt & 

Reichert, 2011b). Additionally, studies in the bridge spider (Lariniodes sclopetarius) found 

strong personality polymorphism at the species level and behavioural plasticity. Boldness was 

repeatable and a heritable trait, which can be an advantage in foraging in urban areas were 

predators are scarce, and the spiders need to fight for resources (Krajl-Fiser & Schneider, 

2012). They additionally speculate that a mix of personalities in an aggregation is optimal, 

since aggressive spiders are likely to exclude each other, and be a disadvantage to the 

population at large.  

Individual behaviour variations are important for dispersal in spatial ecology. Individual 

behaviour can determine which species interact with each other, and how much they interact 

(Sih et al., 2012). This is because some phenotypes may be more adventurous, seeking out 

and discovering new habitats, effectively broadening the species range (Stamps & Groothuis, 

2010). Bolder individuals might be more likely to disperse, as this forces the individual to 

perform in a new environment. The spider Agelenopsis aperta was found to have different 

personalities between individuals. Bolder individuals had broader diets and therefore an 

impact on a broader range on prey items. Similarly, bolder individuals were prey for a broader 

range of predators (Sih et al., 2012; Reichert, 1991) since they could be found in a broader 

range of places. Personality may therefore have an effect on the specific niche an animal may 

occupy (Stamps & Groothuis, 2010).  

Personality normally refers to, and is measured, individually. However, cooperative groups or 

social animals can also differ from each other in the communal behaviour and therefore these 

types of groups can have a collective personality because or their composition. The 

composition of personalities in a group can be very important for the group’s fitness and 

function (Wray et al., 2011). This was shown in a study of the social spider Anelosimus 

studiosus that used colonies with known number of docile and aggressive personality of 

individuals (Pruitt, 2012). The study showed that the ability of the colony to produce web and 

catch prey as a whole depended on the compositions of personalities within the colony. 

Behaviourally diverse colonies were more successful than colonies consisting of only 

aggressive or only docile individuals (Pruitt, 2012).  Variation in behaviour within a social 
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group therefore benefits the individuals as shown by Pruitt & Reichert (2011b) and ultimately 

the whole colony.  

 

Personality across life stages, context and time 

According to the definition, a personality type has to be stable across time and context. The 

context is all the stimuli that the animal can come across. These can include, as previously 

mentioned, conspecifics, prey and new environments as well as temperature, light or 

structural features. The reactions of individuals to those stimuli can be studied at short 

intervals, for example once per day for a week, to determine whether a trait is a personality 

trait, or across long intervals, e.g. the individuals’ lifetime or across several developmental 

stages. 

How individual differences in personality arise and are maintained in animal populations is 

particularly interesting when it comes to developmental processes and ontogeny. This area of 

behavioural study has received almost no attention.  

The developmental perspective is essential, since many animals undergo complex life cycles. 

The animals may require different environments according to their developmental status – one 

of the most notable examples of environment change can be found in the dragonfly whose 

nymphs are aquatic, while the adults are terrestrial and flying (Waldbauer, 2006). Different 

habitats might require differences in personality – this makes it interesting to study whether 

personalities differ across developmental stages. Stable personality traits have been found in 

the lake frog (Rana ridibunda, Wilson & Krause, 2012). Personality tests were conducted 

during the metamorphosis and it was found that general activity and exploration tendency 

were consistent for each individual before and after metamorphosis, even though the habitat is 

very different for larvae, tadpoles and frogs (Wilson & Krause, 2012). Additionally, 

individual larvae and frogs were highly consistent in their behaviour when measured multiple 

times within a given developmental stage.  

 
How to detect variations in personality 

Personalities in animals can be detected by observing their behaviour. This calls for 

standardized tests to be used, since behaviour of an animal can be affected by external factors 

that are not a part of the experiment, e.g. temperature, hunger state and the level of stress the 

animal is under. These external factors need to be kept constant during the experiment, or 

they will interfere with the results. Examples of traits that have been studied in standardized 

tests found in the literature include prey attack behaviour, aggressiveness towards 

conspecifics, boldness (for example if the animal behaves frantic when introduced to a new 
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environment or willingness to respond to a threat), exploration of novel environments and 

attraction to the smell of conspecifics, as a measure of sociality (Cote & Clobert, 2007). Most 

of these traits fall into the “shy/bold” continuum, which is one of the most studied personality 

variables (Dugatkin, 2003).  

Previous exposure to tests might change the score of the individual, because it has learned 

about the test. This is especially true for species that learn quicker, e.g. birds. The exploration 

intensity of an animal declines with the number of times the test is repeated in open field tests 

(Archer, 1973; Dingemanse et al., 2002) and novel object tests (Mettke-Hofmann et al., 2006) 

as animals become habituated. This learning behaviour can make repeating the test assays 

complicated, as the same test cannot be repeated several times over a short period time. A 

solution to this will be to have resting periods between trials, in which the animals are not 

handled and subjected to tests. This will make the experiment longer, and calls for the animals 

to be kept for a longer time for example in a laboratory. 

For my study I chose two different species of spider, the solitary nursery web spider Pisaura 

mirabilis (Clerk, 1757) (family Pisauridae) and the social spider species Stegodyphus 

dumicola (Pocock 1898) (family Eresidae). These two species were chosen because of their 

differences in niche occupation and general behaviour, providing a deeper understanding of 

personality across a wider range of taxa. Previous studies have shown differences in 

behavioural traits among individuals for Pisaura mirabilis (Hansen et al., 2008) and for the 

Stegodyphus genus (Grinsted et al., 2013) 

 

Aims 

The aim of my study was to investigate whether the behavioural traits in a solitary and a 

social spider species conform to the definition of personality. To this end, I addressed the 

following questions: 

 

(i) Is there significant behavioural variation among individuals and is it consistent over 

time, i.e. do bold individuals stay bold (Figure 1, Q1)? This was tested by subjecting 

individuals to standardized tests (boldness and prey attack assays) and testing for 

temporal consistency in behavioural differences among individuals. If animals have 

personalities, the variation was expected to be constant.   

(ii) Are behavioural traits stable across time? (Figure 1, Q2) Personalities can shift over 

time even if variation between individuals stays the same, meaning that all individuals 

can shift in behaviour at the same rate, but staying constant relative to each other. I 
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expect that the spiders become bolder and faster with time because they mature and 

become larger.  

(iii) Are individual behavioural traits consistent across developmental instars, indicating 

that behavioural change happens continuously over time rather than when changing 

instars (Figure 1, Q3)? This was tested by closely monitoring the moulting events for 

all spiders while the behavioural tests were performed. If traits are stable across 

instars, I expect no sudden shifts in behaviour between moulting events.  

(iv) Are there correlations among the different behavioural traits (Figure 1, Q4)? This was 

tested by correlating behavioural traits. If animals have personality, behavioural traits 

should be correlated according to the definition of personality.  

	  
Figure 1: overview of possible relationships between measuring date and behaviour (one of several 
possible assays) across individuals. Each line represents an individual in a linear mixed model. In (a) 
and (b), there is significant variation among individuals that is consistent over time, as opposed to (d) 
and (e), answering question 1 (Q1). In (b), behaviour changes over time for all individuals, as opposed 
to (a), answering question 2 (Q2). In (c), behaviour changes abruptly at moulting events as opposed to 
(b), where it changes gradually, answering question 3 (Q3). (f) shows the difference between two 
correlated behaviours (left) and uncorrelated behaviours (right), answering question 4 (Q4).  
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Materials and methods 

Study systems 

The nursery web spider, Pisaura mirabilis (Clerck, 

1757) (Figure 2) is a solitary spider widespread 

across Europe (Platnick, 2000). The male is 

between 10-13 mm long, while the female is 12-15 

mm long. This species is mostly known for the 

behaviour of the males that offer nuptial gifts 

consisting of a prey item wrapped in silk prior to 

mating with a female and for feigning death while 

still holding the gift (Bilde & Tuni, 2006). When a 

female accepts a gift and starts opening it, the male 

“awakens” and attempts to mate with her. This behaviour more than doubles the male’s 

chances of successfully mating the female, from 40% to 89% (Hansen et al., 2008) and 

reduces the risk of him being eaten. The nursery web spider is an active hunter that hunts in 

open areas, and does not build webs for catching prey. The females produce an egg sack of 

silk where she will lay her eggs and guard them, even after they hatch – hence the name 

nursery web spider. The spiders moult up to 11 times before becoming adults. 

 

Stegodyphus dumicola (Pockock, 1898) (Figure 3) 

is a social spider species from central and South 

Africa (Platnick, 2000). They form nests made of a 

thick web of woven silk on the vegetation that can 

contain up to several hundred individuals. All the 

individuals in a colony cooperate in prey capture, 

nest building and web maintenance and 

allomaternal care. They are cooperative breeders 

where 30% of the females reproduce while the 

others are helpers (Aviles 1997, Lubin & Bilde, 

2007).  

The genus Stegodyphus is known for matriphagy where spiderlings consume their mother or 

helper females in the colony after hatching. This behaviour is thought to give the spiderlings 

a boost of nutrients to maximize the fitness of the offspring. Since Stegodyphus dumicola 

colonies are extremely inbred, allomothers will gain inclusive fitness benefits from the 

Figure 3: Stegodyphus dumicola by 
Christina Holm. www.spiderlab.dk 

Figure 2: Pisaura mirabilis. 
www.spiderlab.dk 
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surviving spiderlings, because they share many genes with the reproducing female through 

common ancestry, i.e. kin selection (Dugatkin, 2004). They are highly inbred because the 

species lacks premating dispersal behaviour, which is a common feature of social spider 

species and is thought to be lost in the evolutionary transition from a sub-social to a social 

species (Lubin & Bilde, 2007; Bilde et al., 2005). 

Stegodyphus dumicola females moult 9 times until reaching adulthood and males moult 7 

times (Kraus & Kraus, 1988, Reut Tal, personal communication). 

Spiders belong to a group with incomplete metamorphosis. The spider life cycle consists of 

eggs, spiderlings with several instars and adults. Eggs are deposited inside en eggsac, and the 

first instar and moult happens inside the eggsac. The spiderlings look like adults though they 

are not sexually mature, and the sex is not determinable 

Arthropods must shed their exoskeleton in order to grow or assume a new form (Kraus & 

Kraus, 1988). For mygalomorph spiders they continue to moult while adults, while 

araneomorph spiders stop when adult size is reached. The instar refers to the developmental 

stage of arthropods between each moult, until sexual maturity is reached. Differences 

between instars can be colours, patterns, altered body proportions or number of segments. 

The moulting events can hypothetically give rise to a personality change but little is known 

about whether personalities remain stable or change across developmental stages (Wilson & 

Krause, 2012). 

 

Experimental setup for Pisaura mirabilis 

We collected adult females of P. mirabilis in June 2013 close to the Mols laboratory in 

eastern Jutland, Denmark (+56° 13' 34.28", +10° 35' 10.58"). This is a diverse area with many 

potential habitats for invertebrates and particularly nursery web spiders (Pisaura mirabilis). 

The spiders in this area are considered one population.  

The females mated in the laboratory resulting in 85 spiderlings from 14 broods surviving the 

first moult and they were used for further experiments. All spiderlings reared in the lab had 

encountered the same environments prior to testing. The Pisaura mirabilis spiders were kept 

separated in cylindrical tubes measuring 8 cm in height with a diameter of 3,5 cm.  

The spiders were fed and watered twice a week. They were fed with fruit flies (Drosophila 

sordidula) until the 7th of October (at 3 months of age), after which they were deemed large 

enough to be fed with houseflies (Musca domestica). 

The spiders were kept inside the spider laboratory in building 1540 at Aarhus University. The 

temperature in the lab was room temperature (19 degrees) and the daily light fluctuation was 
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kept natural. The data collection took place over five months, starting on 26th of August 2013 

and ending on the 19th of December 2013. 

 

Assays for Pisaura mirabilis 

I assessed four different behavioural traits for all spiders; one prey attack behaviour test, and 

three different boldness tests: boldness towards a disturbance, a new environment and a 

threat. All tests for Pisarua mirabilis were done in a solitary context, since they are a solitary 

species.  

Each test was done once every two weeks, to avoid acclimatization and handling stress and to 

ensure that data was collected for each instar the spiders went though.    

 

Boldness in a new environment in Pisaura mirabilis 

The spider was placed inside a container filled with substrate (foam) reproducing their natural 

environment, and the time for the spider to stop running around frantically and sit still was 

noted. The spiders were considered bolder the shorter amount of time they would spend 

running and fleeing. Pisaura mirabilis will encounter many new environments in the field, 

and fleeing frantically when subjected to a new one was not considered bold. Being calm in a 

new environment was considered bold because they would not spend time fleeing frantically. 

Fleeing is a behaviour previously used to described non-bold behaviour in spiders (Grinsted et 

al., 2013) 

 

Boldness towards a threat in Pisaura mirabilis 

Boldness was tested for this species using a jet of air from an infant ear-cleaning bulb to scare 

them, as described by Reichert and Hedrick (1993) and Grinsted et al., (2013). The 

behaviours were ranked categorically as the spiders reacted immediately and therefore a 

response time, as in the other assays, could not be recorded. The behaviours were ranked as 

follows: “attack” (a), “huddle” (h), “no reaction” (n) or “flee” (f).  The order of mention 

indicates the boldness level, with “attack” being the boldest.  “Attack” was considered the 

boldest response because it is the most active response towards the threat. In the attack 

response, the spider would lift its two front legs, thereby initiating attack, as described and 

used by Pruitt et al., (2008) and Grinsted et al., (2013). “Flee” was considered the least bold 

because it effectively removed the spider from the threatening situation and thereby they 

spent the least amount of time in the situation The fleeing reaction was particularly frantic and 

fast, and the spiders displaying this behaviour did not seem to have a specific goal to flee to 
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(i.e. a corner or a hiding place). The behaviour seemed to be a strict fleeing response, where 

the goal was to be removed from the threat. “Huddle” was considered more bold than fleeing, 

because the spider stayed in the threatening situation, although it did not attack. In the 

“huddle” reaction, the spider would curl up its legs up and sit still – a reaction also considered 

huddling in other spider species (Pruitt et al., 2011). “No reaction” was considered the second 

most bold because no huddle or fleeing behaviour was made, and no attacking behaviour 

made this response less bold than the “attack” response (Figure 4). The ranking of the 

different reactions is inspired by the one used by Grinsted et al., (2013) and modified to fit the 

behaviour of Pisaura mirabilis.  

	  
Figure 4: Pisaura mirabilis behaviours when introduced to  a threat or a disturbance. A: huddle, B: no 
reaction, C: attack 

	  
Boldness towards a disturbance in Pisaura mirabilis 

The tubes containing the spiders were fitted with a foam stopper at the top. This stopper was 

moved 1 cm down and then back up to the original position, and the reaction of the spider was 

noted down. The spiders would “attack” (a), display “no reaction” (n) “huddle” (h) or “flee” 

(f). The scoring for this test is identical to the “boldness towards a threat” assay. 

The three boldness tests were done immediately after each other. When the spider had 

finished their reaction in the new environment, the threat was introduced.  

This ensured that no spiders were running around or huddling when the threat was introduced, 

but rather sitting in a neutral position. It also ensured that no spider had more time to relax 

than others.  

 

Prey attack behaviour in Pisaura mirabilis 

Prey was introduced to the spiders, and the time to attack was noted down. The spiders were 

all observed for 20 minutes, after which it was assumed they would not attack. I analysed 

whether or not the spider had attacked during the 20 minutes, where a spider attacking was 

A	   B	   C	  
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considered more aggressive than a spider that did not attack, as has been described by Pruitt et 

al. (2011).   

 

Experimental setup for Stegodyphus dumicola 

Wild Stegodyphus dumicola colonies were obtained from South Africa prior to the experiment 

and set to breed in the lab. Nine separate broods with viable offspring were produced by 9 

different colonies in April 2013. Once the spiderlings hatched they were left undisturbed 

within the colony until they had eaten the female spider (matriphagy), and had moulted once, 

reaching 1-2 mm in body size (measured across body, including legs), allowing moving them 

from the colony without damaging them.  

The spiderlings were then placed into 38 boxes with six individuals from the same brood per 

box. This number was chosen because the spiders need to be together in a colony to function 

naturally, but the number had to be kept low because of the marking method (see below). I 

chose six spiders per box and consider numbers between 3-6 to be a sufficiently large group, 

so that data was used even if up to 3 spiders in a group died.  

This procedure of upbringing ensured that all spiders grew up in the same environment, since 

they were bred in the lab.  

The boxes were plastic containers measuring 11 cm x 11 cm x 6 cm. A hole was cut in the lid 

of the container and covered with mesh to allow airflow. The boxes were kept inside the 

climate room at the spider laboratory in building 1540 at Aarhus University. The temperature 

was kept constant at 25 degrees Celsius and the daily light fluctuation was kept constant.  The 

spiders were fed and watered once a week.  

The experiments started on 26th of August 2013, approximately 3 months after the spiderlings 

were placed in the 38 boxes, so they had time to get used to the environment and establish a 

nest with capture strands for prey capture. The data collection took place over the next five 

months, ending on the 19th of December 2013.  

 

Colour marking method for Stegodyphus dumicola 

The spiders were dusted with different colours (made of Farber Castel colour pencil cores 

grinded to dust in the colours red, orange, yellow, green, light blue and dark blue) to 

distinguish between them, since they were kept in colonies of 6 individuals (Figure 5). The 

coloured dust used in this experiment rubbed off onto the spiders during moulting, making 

identification easier. The dust was reapplied every second week, after a moulting event and as 

needed.  
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Dust colour did not influence behaviour, as shown in a pilot project using 10 individuals. In 

this test, each individual was dusted with a new colour each day for six days and boldness in a 

new environment and boldness towards a threat were performed for each colour for each 

spider. No association between colour and performance was detected, making the method 

suitable for further use (Appendix). 

When the spiders were larger (8-9th of October at approximately 5 months of age) they were 

marked with acrylic paint on their abdomens (Figure 5). This method had previously been 

tested to good effect on S. sarasinorum (Settepani et al., 2012). The colour dust method was 

continued all the way though the experiment, so that the spiders were marked with two 

different methods in the end. 

 
Figure 5: Colour dust (left) and acrylic paint (right) marking methods for Stegodyphus dumicola 

 

Moulting 

Moulting events were closely monitored for both species, and the dates of the moults were 

registered for each individual. For Stegodyphus dumicola the moult of the spider contained 

colour from the marking methods, and it was thus evident which spider had moulted. In the 

event that two spiders from the same box had moulted the same day, the colour dust marking 

method made it possible to recognise the spiders from each other, as colour dust would be 

visible on the spider, where it had rubbed off on them from the moult.  

 

Assays for Stegodyphus dumicola 

I assessed three different behavioural traits of all spiders: prey attack behaviour, boldness in a 

new environment and boldness towards a threat. The prey attack behaviour was done in a 

social context, while the two boldness tests were done in a solitary context. The boldness tests 

were done immediately after one another. 

Each test was done once every two weeks, giving the spiders time between tests, to avoid 

acclimatization and handling stress and to ensure that data was collected for each instar the 

spiders went though.    
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Boldness in a new environment in Stegodyphus dumicola 

An individual spider was introduced to a new environment, and the time it took to start 

moving again (standardized to having moved one body length) was noted. The latency to 

resume movement as a type of boldness test has previously been conducted to good effect 

(Pruitt et al., 2011). The new environment consisted of six petri dishes with colour dust, one 

for each type of colour marking. The spider was dropped into the petri dish using forceps 

from a height of 10 cm to standardize the way the spiders were placed into the new 

environment.  

The spiders were observed for a maximum of 10 minutes.  

 

Boldness towards a threat in Stegodyphus dumicola 

Boldness was tested using a jet of air from an infant ear-cleaning bulb to scare them, as 

described by Reichert and Hedrick (1993). The time it would take them to move one body 

length was noted down. This test was performed immediately after the boldness in a new 

environment test, in the same petri dish. Spiders that were quick to resume movement after 

the threat was introduced were considered bolder than spiders that took longer to resume 

movement. 

The spiders were observed for a maximum of 10 minutes. 

 

Prey attack behaviour in Stegodyphus dumicola 

The colonies were given prey consisting of one housefly positioned in the middle of the 

capture web (Figure 6), and the time for each spider to attack was noted down.  

Spiders who were quicker to attack were considered more aggressive towards prey than 

spiders that were slower, as described in Pruitt et al. (2011).  

The spiders were observed for a maximum of 10 minutes, after which is was assumed that 

spiders that had not yet attacked would not attack at all.  

	  
Figure 6: A red marked Stegodyphus dumicola  attacks a house fly 
while an orange, green and blue individual are nearby.   
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Analyses 

I used Mixed-Effects Models in R (version 0.98.493) (R Development Core Team, 2010) to 

test my study questions. 

The date of the experiments (measuring date) was used as a fixed factor to test if behaviour 

changes over time.  

Individual was used as a random factor. Both random intercepts and random slopes with 

regard to measuring date were allowed. For computational reasons, the correlation between 

random slopes and random intercepts was set to zero.  

Due to the way my data was collected, I had to account for the possibility of non-

independence among individuals. Thus, I used brood and box (Stegodyphus dumicola) and 

egg sac (Pisaura mirabilis) as additional random factors in a nested design, with individuals 

nested in box nested in brood (Stegodyphus dumicola) and individuals nested in egg sac 

(Pisaura mirabilis).  

For Stegodyphus dumicola, sex was included as a covariate (fixed factor) because behaviour 

is expected to differ between sexes. For Pisaura mirabilis, this variable was omitted since sex 

was only known for a few individuals (n=29), and preliminary analysis indicated that it did 

not have an effect.  

The final model formulae were  

 (1) response ~ date + (1|egg sac/individual) + (0+date|egg sac/individual)  

for Pisaura mirabilis and 

 (2)  response ~ date + sex + (1|brood/box/individual) + (0+date|brood/box/individual) 

for Stegodyphus dumicola. 

The continuous response variables (all Stegodyphus dumicola data and “boldness in a new 

environment” data for Pisaura mirabilis) were analysed using Linear Mixed-Effects Models 

(lmer function of the R-package lme4 version 1.0-6).  

Prey attack behaviour in Pisaura mirabilis (binary data) was analysed using a Generalized 

Linear Mixed-Effects Model with binomial family and logit link (glmer function of lme4).  

The response variables “boldness towards a threat” and “boldness towards a disturbance” 

(Pisaura mirabilis) were coded as ordered factors, with the ordering “flee” > “huddle” > “no 

reaction” > “attack”. These variables were analysed using Cumulative Link Mixed Models 

with probit link (clmm function of the R-package ordinal version 2013.9-30).  

 

The first hypothesis (consistent variation among individuals) was tested by comparing a 

model with individuals as random factor (full model) to a model without this variable 
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(reduced model) using Likelihood Ratio Test (LRT). This test was performed separately for 

random intercepts and slopes.  

The second hypothesis (constant behaviour over time) was tested by comparing a model 

measuring date as fixed factor (full model) to a model without this variable (reduced model) 

using LRT. 

The third hypothesis (behavioural change over instars) was tested by comparing models that 

included measuring date as explanatory factor with models that included instar as explanatory 

factor instead of measuring date. The two different models were compared using AIC (Akaike 

Information Criterion).  

To address the fourth question (correlated behaviour), I tested if the random effects 

(intercepts) of individuals from Mixed-Effect models with different responses (e.g. prey 

attack behaviour and new environment in Stegodyphus dumicola) were correlated (Pearson’s 

correlation) using the rcorr function in R.  
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Results 

Is variation between individuals consistent, i.e. do bold individuals stay bold? 

Variation of behaviours between individuals is statistically significant for both species except 

for the prey attack assays (Table 1, 2). Variation of individual behavioural traits in the 

populations is stable over time, meaning that the variation is constant and behavioural ranking 

stays the same, i.e. bold individuals stay bold over time. This means that variation between 

individuals is present and constant and fit the definition of personality.  

 

For the Pisaura mirabilis assay “boldness in a new environment” the individual intercept 

shows a significant variation between individuals (Figure 7, Table 1), which means that 

individuals behave different from each other. As the individual slope is small (Table 1) this 

suggests that the behavioural ranking of the spiders do not change over time, meaning that 

bold individuals are continuously bold over time, while less bold individuals are equally 

constant.  

 
Figure 7: Boldness in a new environment for Pisaura mirabilis over time.  Grey circles show all data 
points. The Black lines show the individuals slopes of all individuals as well as the intercept for each 
individual 
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Table 1: Dependence of behaviour (”new environment”, ”threat”, ”prey attack” and ”disturbance” 
assays) on individual differences and measuring date in Pisaura mirabilis estimated with linear (”new 
environement”), generalized linear (”prey attack”) and cumulative mixed models (”threat” and 
”disturbance”).  

 New environment Threat Prey attack Disturbance 

Random effects 
Individual intercept 0.70 0.49 0.00 1.61 
Individual slope 0.00 0.00 0.01 0.02 

Fixed effects 
Date  -0.01 0.01 0.00 0.01 

P (Likelihood Ratio Test) 
Individual intercept <0.001 <0.001 1 <0.001 
Individual slope <0.001 0.159 0.071 <0.001 
Date (fixed) <0.001 <0.001 0.116 <0.001 

Degrees of freedom 
N  706 706 706 706 
individual(box:egg sac) 79 79 79 79 
egg sac 14 14 14 14 
 

For the assay “boldness towards a threat” the individual intercept is likewise significant, 

although the slope is not (Table 1).  

For the assay “boldness towards a disturbance” the intercept reveals a large, significant 

variation between individuals (Table 1) meaning that individuals behave very differently from 

each other in this assay. The individual slope standard deviation is also small for this assay, 

which suggests that the behavioural ranking of the spiders is constant.  

For the assay “prey attack behaviour” no variation was found between individuals.  

 

For the Stegodyphus dumicola assay “boldness in a new environment” the intercept shows a 

large variation between individuals (Table 2, Figure 8). The slope standard deviation is small 

which suggests that the behavioural ranking of the spiders do not change over time, meaning 

that bold individuals are continuously bold over time, while less bold individuals are equally 

constant.  
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Table 2: Dependence of behaviour (”new environment”, ”threat” and ”prey attack” assays) on 
individual differences and measuring date in Stegodyphus dumicola estimated with linear mixed 
models. 

 New Environment Threat Prey attack 

Random effects 
Individual intercept 55.15 28.55 0.001 
Individual slope 0.002 0.000   0.000 

Fixed effects 
date -1.166 -0.501 -0.867 
Sex:female 110.356 52.453  34.041 

P (Likelihood Ratio Test) 
Individual intercept <0.001 0.002 1 
Individual slope <0.001 0.031 0.157 
Date (fixed) <0.001 <0.001 <0.001 
Sex (fixed) <0.001 0.026 0.692 

Degrees of freedom 
N  873 810 477 
individual(box:brood) 114 109 108 
box:brood 23 23 26 
brood 8 8 8 
	  
	  
	  
	  



	   23	  

 
Figure 8: Boldness in a new environment data for Stegodyphus dumicola over time.  Grey circles 
show all data points. The Black lines show the individuals slopes of all individuals as well as the 
intercept for each individual. The red line represents the mean female while the blue line represents 
the mean male based on fixed effects.  

 

For the Stegodyphus dumicola assay “boldness towards a threat”, the intercept shows a lower 

variation between individuals than in boldness in a new environment, but a statistically 

significant variation is still present. This indicates that individual behaviour for this assay is 

very alike. The individual slope standard deviation is small (Table 2, Figure 9) which also 

here suggests that the individual behaviour is constant. 
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Figure 9: Boldness towards a threat for Stegodyphus dumicola over time.  Grey circles show all data 
points. The Black lines show the individuals slopes of each individuals as well as the intercept for 
each individual. The red line represents the mean female while the blue line represents the mean male 
based on fixed effects.  

 

For they Stegodyphus dumicola assay “prey attack behaviour” the intercept shows a much 

lower variation in behaviour (Figure 10) between individuals than in boldness in a new 

environment and towards a threat, and is also not significant (Table 2). Individual slope is 

also not statistically significant. These results suggest no variation can be found between 

individuals for this assay. 
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Figure 10: Prey attack behaviour data for Stegodyphus dumicola over time.  Grey circles show all data 
points. The Black lines show the individuals slopes of each indiduals as well as the intercept for each 
individual. The red line represents the mean female while the blue line represents the mean male based 
on fixed effects.  

 

Are behavioural traits stable across time? 

For both species a general trend can be seen that individuals become bolder over time. The 

individual behavioural traits are stable in comparison to the other individual – the variation 

stays constant - while they all shift towards a behaviourally bolder state (Figure 7,8,9,10). The 

only exception to this trend is found in the assay “boldness towards a threat” in Pisaura 

mirabilis (Figure 11). In this assay the attack response decreased in frequency while huddle 

increased. Flee and no reaction frequencies did not change much over the course of the 

experiment. This result suggests that the spiders became less bold over time.  

For the assay “boldness towards a disturbance” in Pisaura mirabilis the attack response 

increased in frequency while flee decreased. Huddle frequency did not change much while no 

reaction has a peak in the middle of the experiment but has an overall low frequency (Figure 

12). These results also suggest that the individuals become bolder over time.  
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Figure 11: Boldness towards a threat for Pisaura mirablis over time. a: Attack, n: No reaction, h: 
Huddle, f: Flee 

 
Figure 12: Boldness towards a disturbance for Pisaura mirablis over time. a: Attack, n: No reaction, 
h: Huddle, f: Flee 

 

Measuring date was a significant predictor of behaviour across individuals in both species for 

all assays, except prey attack behaviour in Pisaura mirabilis (Table 1,2).  

For Stegodyphus dumicola females were on average slower in their response time than males 

in all assays (Figure 8, 9, 10). The sex of the spider was statistically significant in 

Stegodyphus domicola exept in the prey attack behaviour assay, where it was not significant. 
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Are individual behavioural traits consistent across developmental instars, indicating that 

behavioural change happens continuously over time rather than when changing instars? 

Measuring date and instar are equally good predictors of behavioural change in Pisaura 

mirabilis with regards to boldness in a new environment and prey attack, instar is a better 

predictor for boldness towards a threat, and date is a better predictor for boldness towards a 

disturbance (Table 3) while measuring date was a better predictor for Stegodyphus dumicola 

indicating that behavioural change happens continuously over time for this species.  

 

For Pisaura mirabilis the model using date of the experiment was better for the boldness 

towards a disturbance assay. The model using instar of the spider was better for the boldness 

towards a threat assay. For boldness in a new environment and prey attack behaviour both 

models were equally good (Table 3). These results suggest that behavioural change in this 

species happens gradually over time for some traits while it happens between instars for other 

traits.  

For all assays for Stegodyphus dumicola, the model using date of the experiment as 

explanatory factor was better (Table 4). These results suggest behavioural change in this 

species happens gradually over time and not between instars.  
 

Table 3: The AIC values for models including date or instar for Pisaura mirabilis. The bold numbers 
indicate the better model.  

 New environment Threat Prey attack Disturbance 
Date  2916.577 1552.239 688.810 1103.398 
Instar  2918.189 1548.789 687.030 1121.925 
 

 

Table 4: The AIC values for models including date or instar for Stegodyphus dumicola. The bold 

numbers indicate the better model.  

 New environment Threat Prey attack 
Date  11001.46 9742.498 6115.601 
Instar  11050.61 9765.809 6127.803 
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Are there correlations between the behavioural traits?  

I found that there are significant correlations between some assays for each species, 

suggesting that personality does exist in both species of spider.  

 

Correlations for Pisaura mirabilis 

Using random effects Pearson correlations I found that boldness in a new environment and 

boldness towards a disturbance are significantly correlated, the correlation being slightly 

negative. Because of the setup of the analysis, a negative correlations here means that the 

spiders are either bold in both assays or not bold in both assays (Figure 13).  

Boldness when disturbed and when faced with a threat are also significantly correlated, the 

correlation being negative here, meaning that spiders that are bold in one test are not bold in 

the other test (Table 5).  

These results suggest that the correlated behavioural traits of Pisaura mirabilis form 

behavioural syndromes, and as the correlated behaviours are constant over time as explained 

previously, they make up personalities.  

 

Table 5: Random effects Pearson correlation of intercept values for Pisaura mirabilis. The stars 

indicate the statistical significance: **: P<0.01, ***: P<0.001.  

 Threat Disturbance Prey attack 
New Environment 0.09 -0.3**  -0.05 
Threat  -0.49*** 0.1 
Disturbance   -0.11 
 

Correlations for Stegodyphus dumicola 

Using random effects Pearson correlations I found that boldness in a new environment and 

boldness when disturbed are significantly positively correlated (Figure 14). Prey attack 

behaviour and boldness towards a threat are also significantly positively correlated. Prey 

attack behaviour and boldness in a new environment are not significantly correlated (Table 6). 

These results suggest that the correlated behavioural traits of Stegodyphus dumicola form 

behavioural syndromes and as the correlated behaviours are constant over time as explained 

previously, they make up personalities. 
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Table 6: Random effects Pearson correlation of intercept values for Stegodyphus dumicola. The stars 

indicate the statistical significance: *: P<0.05, ***: P<0.001.  

 Threat Prey attack 
New Environment 0.45*** 0.02 
Threat  0.22* 
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Figure 13: Correlation of Pisaura mirabilis assays. A: New Enviroment and Threat assays correlation. B:New Environment 
and Prey attack assays correlations. C: New Environment and Disturbance assyas correlation. D: Disturbance and Threat 
assays correlation. E: Threat and Prey attack assays correlation. F: Disturbance and Prey attack assays correlation. 
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Figure 14: Correlation of Stegodyphus dumicola assays. A: New Environment and Threat assays 
correlation. B: Prey attack and New Environment assays correlation. C: Prey attack and Threat assays 
correlation.  
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Discussion 

In my experiment I found that the behavioural differences between individuals in my two 

study species Pisaura mirabilis and Stegodyphus dumicola is constant and that the behaviours 

are correlated across context. Generally, bold individuals were consistently bold over several 

contexts, and the differences in behaviour between individuals were constant over time.  

The change in behaviour was found to occur gradually over time, rather than shift with 

developmental stages in Stegodyphus dumicola, while in Pisaura mirabilis some behaviours 

changed gradually over time and others showed evidence of changing during moulting. 

The results have clearly shown that personalities are present in the two spider species. This is 

important for the study field, as is demonstrates that personalities are present in two species 

that have not before been subjected to this kind of comprehensive test. 

 

Is variation between individuals consistent, i.e. do bold individuals stay bold?  

There is a large variation in behaviour when comparing the individuals in my experiment 

against each other. The variation did not diminish over time, but was consistent throughout 

for both species. This large, stable variation reveals that the individual behaviour is not 

random, but rather a recurring, established variation between individuals in the population, 

likely maintained by natural selection (Dall et al., 2004). Having different behavioural 

strategies present in the population can be the result of a fluctuating environment, where 

being bold is a good strategy when few predators are present, while the opposite strategy is 

better when predators are abundant. Having both bold and shy behavioural types present 

suggests that the types are maintained in natural populations because of equal respective 

lifetime reproductive success. Shy individuals might experience a short-term reproductive 

disadvantage when compared to bolder individuals but because they might live longer, 

because of lowered predator encounter risks, their overall lifetime reproductive success might 

be comparable to bold individuals (Wilson & Godin, 2009). Additionally, fluctuating 

environments over different years might cause fluctuating selection pressure in behaviour 

(Dingemanse et al., 2004)  

Variation in behaviour between individuals was not found in the prey attack assays. It is 

possible that my non-significant variation may be the result of a sample size effect, since the 

amount of data collected from this assay was smaller than for the others.  

The Stegodyphus dumicola spiders are highly inbred, which might suggest that all individuals 

should behave that same way because of lack of genetic variation that could lead to 

behavioural variation. Nevertheless, behavioural trait variation was demonstrated both in my 
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experiment and have been demonstrated in other social Stegodyphus species as well (Grinsted 

et al., 2013; Settepani et al., 2012). Furthermore, it has previously been shown that variation 

in individual behaviour in a social group can be beneficial. Pruitt & Reichert (2011b) found 

that variation in behaviour within a social group benefitted the individual. This could suggest 

plasticity in behaviour on population level, as seen in other social taxa such as eusocial 

insects, where behavioural variation increases colony productivity (Hillesheim et al., 1989).  

Studies on human children done by Sanson et al. (1996) found that individuals who were 

extreme in their behaviour (in a behavioural inhibition assay) were more stable over time in 

their extreme behaviour scores on this test than children who had intermediate scores. This 

suggests that more extreme individuals are more temporally stable than intermediate 

individuals. One explanation for this is that extreme individuals might be more likely to 

engage in niche construction and remain in environments that favour their extreme phenotype. 

It is speculated that extreme individuals in terms of boldness are more likely to invade new 

areas because they have “invasion syndrome” (Carere & Gherardi, 2013) effectively 

broadening their impact on the environment. Alternatively, if an environment has abundant 

predators, less bold individuals might leave the environment to get away from the predators 

and thus end up in a new environement. Shy individuals might also hide in refuge instead of 

dispersing (Sih et al., 2012). In either case, the behavioural type of the individual can have an 

impact on which environment they choose to live. Individuals with intermediate behaviours 

might be more likely to switch from one type of behaviour to another and adjust their 

phenotype to the environment. I found that both extreme and intermediate phenotypes were 

equally stable in my analysis. Pisaura mirabilis encounters variable environmental conditions 

in their lifetime, and plasticity of traits is likely to be important when encountering these. The 

different habitats can include wet swamp, tall, dry grass and many or few predators.  Strong, 

extreme personalities might be a disadvantage under changing conditions, whereas fixed 

behaviours are advantageous when the environment is predictable. Being plastic will use 

resources and not be of advantage when no changes in environment occur (Yellen, 1977).  

 

Are behavioural traits stable across time? 

Both Pisaura mirabilis and Stegodyphus dumicola became increasingly bold over time. 

Though this means that the behaviour is not constant for each individual over time, the change 

in behaviour occurred at nearly the same rate for all individuals, which means that the 

behaviour is stable when compared to the other individuals, meaning that bold individuals are 

consistently the boldest. The individuals do not jump from one end of the behavioural 



	   34	  

spectrum to the other. As spiders age in their juvenile stage, they gain mass as they grow. 

Being larger could result in a decrease of the danger when facing a threat for a larger 

individual as compared to a smaller individual. This can explain why Stegodyphus dumicola 

and Pisaura mirabilis become bolder over time. Skills and information gained of the 

environment as the spider ages could also affect their behaviour and shaping the spiders to be 

bolder. A disturbance or a threat in the natural environment is likely to be a conspecific (a 

likely threat to Pisaura mirabilis), a prey item or a smaller predator. A small individual might 

perceive a situation as too threatening to risk an attack, while a larger individual might 

perceive the situation as less threatening and will risk attacking the threat. All individual 

spiders were given the same prey at each feeding regardless of size and instar. Though the 

prey item was switched from fruit flies to houseflies during the experiment, the spiders 

encountered the same foods at the same time, and no differentiation was made between them, 

so the prey environment was the same for all individuals. It is safe to assume that when 

spiders get bigger they find it easier to overcome a housefly than when they were smaller, and 

might thus respond quicker, and individuals thus become both bolder and larger over time. It 

is also possible that the spiders undergo habituation and learn from the tests (Huntingford & 

Wrightm 1992). Learning behaviour has been found in animals, for example sticklebacks 

(Huntingford & Wright, 1992). It is possible that they become bolder because they experience 

that there is no danger associated with being tested.  

Pisaura mirabilis lives a mostly solitary life, and therefore does not interact with conspecifics 

like social species such as Stegodyphus dumicola. Stegodyphus dumicola individuals often get 

disturbed, touched or otherwise interacted with inside the colony, making aggressive startle 

behaviour unsuitable. This means that solitary species can be bolder and more aggressive than 

social species. Boldness does have to be controlled though, as being very bold in an 

environment with many predators can be selected against, while being very bold in a safe 

environment will give that individual easier access to food sources and territory (Dingemanse 

et al, 2004). Pisaura mirabilis showed a decrease in the attack response and an increase in the 

huddle response when a threat was introduced, suggesting that individuals become less bold 

over time. It could however also mean that the spiders are becoming increasingly good at 

interpreting the threat – i.e. using previous experience to assess the threat (Whitehouse, 1997). 

If the spiders continually find that attacking the threat has no negative or positive effect, they 

could possibly resort to a behaviour that is less risky, i.e. huddling because of this. It is 

possible that previous experience could have en effect on the spiders, although the long period 
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of time between experiments taken into account this seems unlikely. Future studies on 

learning behaviour in spiders could shed light to this.   

 

The sex of the Stegodyphus dumicola spiders was a highly significant factor, and males were 

generally bolder than females. However, the sample size of males was very small (5) 

compared to females (109). It can however be hypothesised that males must be bold in order 

to reproduce with the most success (Smith & Blumstein, 2008) as bolder males will be 

quicker to react to new stimuli – i.e. a fertile female. Males must fight for females and may 

well be selected to be aggressive and bold by sexual selection, as argued by Archer (2009).  

 

Are individual behavioural traits consistent across developmental instars, indicating that 

behavioural change happens continuously over time rather than when changing instars?  

The results suggest that for Stegodyphus dumicola, time was a better model than instar, which 

suggests that behavioural change happens gradually over time, and are not concentrated 

around moulting events. Personality was consistent over instars for Stegodyphus dumicola, 

which means that personality is stable despite morphological changes in this species. This 

suggests that traits are established early or are inherited and are consistent over life stages. 

This spider spiders occupies the same types of habitat and hunt in similar ways in juvenile and 

adult stages, therefore it makes sense that they are not selected to change behaviour with 

instar. Additionally this species very rarely disperses, but instead lives its whole life in the 

colony in which it was born. The spiders undergo relatively small changes in each moulting 

event (Kraus & Kraus, 1988), as they go though several moulting events, and the lack of a 

new environment to adapt to could explain the tendency to be behaviourally consistent across 

moulting events.  

For Pisaura mirabilis models using time and instar as explanatory factors showed that both 

models are good, as each one is favourable for one assay, and both are equally good for the 

rest. Because both time and instar are good models, it can be argued that they are closely 

linked and both play a role in the individuals’ development. 

We might expect that there is instability in personality traits when the organism undergoes 

physical changes. Personality could for example be instable during times of moulting, 

metamorphosis or sexual maturation. A contrast to this is the hypothesis that individual 

personality is developmentally plastic, and changes will occur when the individual shifts from 

one environment to another, for example as a result of dispersal or that behavioural change 



	   36	  

does not occur at all. My results correspond to a study done by Wilson & Krause in 2012 who 

found that behavioural traits in the lake frog were consistent across metamorphosis. 

Pisaura mirabilis spiders disperse after a period of maternal care in the nursery web, which 

means that this species will encounter more variable environments than Stegodyphus 

dumicola. Instar is important for the behavioural changes in Pisaura mirabilis with regards to 

boldness towards a threat, and the many changing environments the spiders will encounter 

during their development can explain this. As the spiders grow larger, the prey and opponents 

they can overcome becomes increasingly large and thus so does the niche they occupy 

because they can successfully hunt for more types of prey. This changes the environment of 

the spiders, and thus can have an impact on behaviour.  

 

Are there correlations between the behavioural traits?  

For several assays, the behaviours of the spiders were correlated which fits the definition of 

personality. For Stegodyphus dumicola boldness in a new environment and towards a threat 

were highly correlated. This points towards the conclusion that being bold is a behaviour that 

can be found across contexts. These two assays where performed immediately after one 

another, which can have an effect on the behaviour of the spider. The two assays are however 

very different from each other, which lets us keep them separated.   

There was a positive correlation between boldness towards a threat and feeding behaviour in 

Stegodyphus dumicola. This indicates a behavioural syndrome, and both involve a likely 

threat, one being the gust of wind, the other a prey that can potentially fight back when 

attacked. It also suggests a biased task performance in this species that can result in task 

differentiation as previously seen in the social spider Stegodyphus sarasinorum (Grinsted et 

al, 2013) where some spiders will always attack while others never attack. As these 

differences in traits between individuals were consistent over time, this is evidence of 

personality being present.  

Pisaura mirabilis has correlated behaviours between boldness towards a disturbance and 

boldness in a new environment. In this correlation, individuals that are bold in one assay are 

also bold in the other and vice versa. This points towards the spiders having personalities.  

Boldness towards a threat and towards a disturbance is significantly negatively correlated. 

This could mean that boldness towards a threat is not the same type of boldness as seen in a 

new environment and towards a disturbance. Being subjected to a threat (a jet of air) puts the 

spider in immediate risk of getting attacked by something new and intruding, while the other 

two – new environment and disturbance, only poses intimidations from the environment and 
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not a direct intruder. This suggests that the spiders differentiate between different situations 

and do not show the same behaviour towards everything, but has a variety of behaviours at 

disposal, making them multifaceted in a behavioural sense.  

Prey attack behaviour was not correlated with any of the other assays for Pisaura mirabilis. 

This could point to a conclusion that all the individuals, despite their behaviours in other 

assays, are equally good at catching prey. Pisaura mirabilis is a hunting spider, and foraging 

is a critical behaviour - being unsuccessful at foraging will have terrible consequences for the 

fitness of the individual (Dingemanse et al., 2004). All spiders having the same behaviour 

towards prey items points towards a strategy that is most beneficial in the environment the 

animals ancestors are from, where all other strategies, if any were present, have been selected 

against. A theory on this is that if the animal has poor information about whether predators 

are present, they might need to play it safe and stay in or near shelter even as predators come 

and go (Sih, 1992). Being too aggressive when hunting can lead to a higher risk of predation 

(Dall et al., 2004), eliminating the bolder individuals from the population. All individuals in 

my experiment originate from the same area and it is possible that other strategies of hunting 

prey will be present on other locations. The sample size of the prey attack assay was much 

smaller than for the other assays, which might also play a role in the analysis of correlations – 

a larger sample size might shed more light on the behaviour. 

As optimal behaviour across a broad range of behavioural contexts is evolutionary favourable, 

ultimately, if there are no limits to plasticity, evolution should result in optimal behaviour in 

all environments – animals should behave in an optimal way all the time (Sih et al., 2004). 

However, selection on plasticity has its limitations because behavioural type should be more 

heavily selected for in environments that are experienced frequently and have a larger effect 

on fitness. Some of the variation might exist because there is more than one optimal 

behaviour within an environment. Having personality characterises the “best of a bad 

situation” in that they represent the best available strategy given the constraints of limited 

plasticity. 

 

Further perspectives 

In conclusion the results confirmed my hypotheses that Stegodyphus dumicola and Pisaura 

mirabilis individuals have behaviours that are significantly and consistently different from 

other individuals over time, and that these personalities are persistent across developmental 

stages. Several of the tested traits were correlated, which is consistent with the hypothesis that 
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animals have personalities (Bell, 2007; Dingemanse et al., 2004) and that personalities can be 

found in a large amount of species (Bell, 2007; Wolf et al., 2007).  

It is interesting what maintains large differences in traits and personality among individuals. 

This can be variable environments experienced, or that social organization within colonies 

that increases colony performance selects different personality types.  
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Appendix 
 
 
Colour dust pilot project: The effect of colour dust on the behaviour of Stegodyphus 
dumicola  
 
 
The significance of the colour dust on the boldness in a new environment test  
ANOVA: p-value: 0,3602 

 
Figure 15: X-axis: colour of dust on spider. Y-axis: seconds to resume movement 

 
The significance of the colour dust of the boldness towards a threat assay. 
ANOVA p-value: 0,5333 

 
Figure 16: X-axis: colour of dust on spider. Y-axis: seconds to resume movement 
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The significance of individuals on the boldness in a new environment assay 
ANOVA: p-value: 0,01172** 

 
Figure 17: x-axis: individuals. Y-axis: seconds to resume movement 

The significance of individuals on the boldness towards a threat assay  
ANOVA: p-value 0,3799 

 
Figure 18: X-axis: individuals. Y-axis: seconds to resume movement 

 


