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Foreword

Welcome to the 14th Capstone Issue!

Before graduation, all AUC students are required to write
a Capstone thesis - an independent research paper in the
disciplines of Science, Social Science or Humanities. The
four-month writing process during the semester encourages
students to engage with and contribute to the academic di-
alogue in their chosen field. In this Capstone Issue we pub-
lish six student Capstones, two from each major, written by
AUC’s graduating students of 2020.

The Capstones published in this issue have undergone
rigorous selection and editing processes carried out by our
Editorial Board. The aim of the editors is to improve the
clarity and accessibility of the selected works, making them
interesting to a general reader but maintaining a high stan-
dard in their academic field.

I would like to extend a word of thanks to the editors
who worked tirelessly on the papers, meticulously caring for
every minor detail – without them this publication would not
have been possible. Thanks also goes out to the authors for
their continued engagement in the process and for their pa-
tience with the long conversations regarding word choice and
punctuation.

The papers in this edition cover topics ranging from Mex-
ican cinema and the gender roles to earthworm behavioural
di�erences, showcasing the variety of interests encouraged by
a liberal arts and sciences education. I hope that this Cap-
stone Issue can share a small slice of AUC students’ academic
work and interests – with our peers, our families, and more.
Enjoy reading the issue!

Sarah Martinson, on behalf of InPrint
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Abstract

In recent years, behavioural ecologists have become increasingly focused on animal personalities; indi-
vidual differences in behaviour that are consistent across time and contexts. The majority of these studies
focus on vertebrate species and little attention has been given to invertebrates. In this study, individual
behaviour differences will be evaluated in the common earthworm (Lumbricus terrestris) by observing
their activity levels and boldness as well as evaluating whether body weight is a factor related to these
traits. The results indicate interindividual differences in activity and boldness, however, no significant
relationship was found between the body weight of the earthworms, their activity levels, or boldness.
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1 Introduction

Animal personalities have become of increasing
interest in behavioural ecology (Sih et al. 2004;
Réale et al. 2007; Sih and Bell 2008; Réale et al.
2010); however, research on individual variation
in invertebrate species remains limited (Kralj-Fiser
and Schuett 2014). In this study, individual varia-
tion in the common earthworm (Lumbricus terrest-
ris) will be analysed by measuring earthworm re-
sponses to a predator risk context and observing
their activity levels. Earthworms have a significant
impact on soil profiles by modifying their biological,
chemical, and physical properties (Edwards and Bo-
hlen 1996), and are as such frequently used in eco-
logical research (Singh et al. 2019). Finding individ-
ual variation in the behaviour of L. terrestris will be
applicable for future experiments and understand-
ing how personality impacts the ecology and evolu-
tion of the species.

2 Research Context

The study of animal personality, also known
as temperament, can be traced back to the early
20th century; however, it is only in the last few
decades that this phenomenon was incorporated
into the field of ecology (Sih et al. 2004; Réale et
al. 2007; Réale et al. 2010; Kralj-Fiser and Schuett
2014; Ahlgren et al. 2015). It is found that in
many species individuals vary in their behaviour
from each other and this variation influences how
they interact with their environment. Studies on
animal personality are mainly based on the mea-
surement of traits, su-ch as sociality or exploration.
For instance, a species may exhibit an explorative
trait where some individuals are more inclined to
explore new areas than others. As a new concept
to behavioural ecology, the definition of personality
has been extensively debated (Réale et al. 2010;
Koski 2011). The current consensus describes an-
imal personalities as individual behavioural differ-
ences that are consistent over time and across con-
texts (Dall et al. 2004; Réale et al. 2007; Réale
et al. 2010; Kralj-Fiser and Schuett 2014). In
this definition, consistency implies that the differ-
ences between individuals will remain similar, but
the trait values can change in individuals over time
or across situations (Dall et al. 2004). Furthermore,
personality does not only involve differences at an

individual level, but can also describe differences
between families or populations (Hayes and Jenk-
ins 1997; Sih et al. 2004; Réale et al. 2007). The
maintenance of a behavioural trait across different
environments is called a behavioural carryover (Sih
et al. 2004). For instance, an individual that is
highly active in an environment with no predators
will also show high activity in an area with preda-
tors. Behavioral carryover is also used to describe
the consistency of a trait over different develop-
mental stages, which is comparable to a trait that
is displayed by an individual in two different envi-
ronments (Réale and Dingmans 2010).

Individual variation in behaviour has often been
assumed to correspond to an absence of be-
havioural plasticity, where plasticity refers to a
change in behaviour in response to exposure to
stimuli, such as a change in environmental condi-
tions (Sih et al. 2004; Dingemanse et al. 2010;
Koski 2011). However, research demonstrates a
link between personality and individual plasticity
(Koolhaas et al.
1999; Sih and Bell 2008), where highly consistent
individuals express a limited part of the phenotypic
variation of the population, and less consistent in-
dividuals exhibit most of the variation within the
population. Therefore, variation in an individual’s
consistency corresponds to individual variation in
plasticity (Bergmuller 2010; Réale and Dingemanse
2010). It should be noted that a highly consis-
tent individual can also exhibit phenotypic plastic-
ity, as the individual’s behaviour can still change to
adjust to its environment (Réale and Dingemanse
2010). Several theories have been proposed to ex-
plain why repetitive behaviour exists. The costs in-
volved in maintaining flexibility are large in terms
of energetics and acquiring information about the
environment (DeWitt et al. 1998; Dall et al. 2004).
Furthermore, environments are rarely predictable,
which can lead to an unreliable assessment of cues
and can give rise to individuals expressing pheno-
types that poorly match their environment (DeWitt
et al. 1998).

Réale et al. (2007) proposed five categories for
animal traits to measure personality: (1) boldness,
which encompasses an individual’s reaction to a
situation involving risk, such as encountering a pre-
dator; (2) exploration, which involves how an indi-
vidual reacts to a new situation such as a novel ob-
ject; (3) activity, which concerns the activity level
of the individual and can influence the measure-
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ments of the two previous categories; (4) aggres-
siveness, which is where the agnostic response of
an individual to their conspecifics is analysed; (5)
sociability, which is where individuals may seek
or avoid the presence of conspecifics. A pheno-
typic correlation between two behavioural traits is
termed a behavioural syndrome (Gosling 2001; Sih
et al. 2004; Krams et al. 2014). Syndromes that oc-
cur due to a common mechanism are important to
identify because selection on one trait may shape
behaviour in other contexts (Sih et al. 2004).

In several species, the aggressive-bold syn-
drome has been documented whereby bold indi-
viduals are more inclined to be aggressive to their
conspecifics (Huntingford 1976; Bell 2005; Reaney
and Backwell 2007). Boldness has also been associ-
ated with exploration and activity where bolder in-
dividuals tend to be explorative in novel situations
and more active than shy conspecifics (Huntingford
1976; Koolhaas et al. 1999; Bell 2005). The corre-
lation between boldness, activity, and aggression
has been formalized as the reactive-proactive axis:
a behavi-oural syndrome of the coping strategies of
individuals to stressful situations. In this syndrome,
proactive individuals are more bold, aggressive, ac-
tive, explorative, and insensitive to environmental
chan-ges in comparison to reactive individuals (Sih
et al. 2004; Dal et al. 2004; Dingemanse et al.
2010). The aforementioned correlations coincide
with research that has found several evolutionary
and ecological consequences of the bold-shy con-
tinuum in different species. Studies have shown
bold individuals to have more mating opportuni-
ties (Reaney and Backwell 2007), higher dispersal
ranges (Dingemanse et al. 2003) and higher forag-
ing rates (Ioannou et al. 2008), but also a higher
mortality rate due to predation, in comparison to
their shy conspecifics (Biro et al. 2004). There
has been little research on the compromise of risk
from predators for beneficial foraging, dispersal,
and reproduction in bold individuals. A study by
Ahlgren and others (2015) found that bold individ-
uals can compensate for this by expressing pheno-
typic traits that reduce the risk of predation. Their
results found a strong correlation between the shell
shape of the aquatic wandering snail (Radix balth-
ica) and their tendency towards risk-taking.

The study of personality differences has been
valuable to society in a variety of ways, from im-
proving animal welfare to predicting disease risk in
humans (Réale et al. 2007). Furthermore, studying

the personality of non-human animals can provide
us with a better understanding of the effects of ge-
netics, development, and the environment on hu-
man personality and its evolutionary origins (Gosl-
ing 2001; Bergmuller 2010). Individual variation in
behaviour is commonly distributed in a non-random
manner across specific axes (Gosling 2001), sug-
gesting its likeness to have significant consequen-
ces to the ecology and evolution of species (Dall et
al. 2004; Réale et al. 2007; Killen et al. 2017). One
of these consequences is the tendency of a species
to be invasive; dispersal plays an important role in
the invasiveness of a species and it has been as-
sociated with boldness (Dingemanse et al. 2003),
aggression, and high activity levels (Rehage and
Sih 2004). Therefore, measuring the behavioural
traits of an invasive species could be helpful in un-
derstanding their dispersion patterns and potential
to invade new areas. Personality can also influence
how well an individual may respond to a change
in the environment. For example, reactive indi-
viduals respond better to environmental changes
than proactive individuals as they are more sensi-
tive to changes in their environment and approach
novel situations with more caution (Sih et al. 2004;
Dingemanse et al. 2009). Furthermore, personality
can affect the distribution of individuals. For exam-
ple, individuals with high activity and limited plas-
ticity may be restricted to environments with low
predation risk, whilst low activity types could make
use of high predation risk areas (Sih et al. 2004).
With regards to research on animal behaviour, ac-
counting for personality when conducting research
can avoid the issue of generating sampling bias
(Biro and Dingemanse 2009). For instance, a study
using only individuals that exhibit a particular trait,
such as high aggression, would lead to bias results.

There has been a significant increase in the
number of publications on animal personalities
over the last few decades (Réale et al. 2010),
however, the majority of personality studies have
been conducted on vertebrates whilst invertebrate
species have received little attention (Kralj-Fiser
and Schuett 2014). Over 98% of all animal species
are invertebrates and they have a wide range of
characteristics and behaviours that are rare in ver-
tebrate species, such as asexual reproduction and
parasitism (Mather and Logue 2013; Kralj-Fiser and
Schuett 2014). Investigating invertebrate person-
alities is essential to bro-adening our understand-
ing of patterns of individual behavioural differences
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(Mather and Logue 2013) and could provide expla-
nations to the ultimate and proximate underpin-
nings of individual variation in personality where
vertebrate studies have not been able to deliver
(Kralj-Fiser and Schuett 2014). A literature search
by Mather and Logue (2013) found only 32 pa-
pers that observed individual differences in inver-
tebrates, including species within the phyla Arthro-
poda, Nematoda, and Mollusca. Currently, there
are no studies on the personality of a species within
the phylum Annelida.

Lumbricus terrestris, the common earthworm,
is an anecic organism that builds deep vertical bur-
rows in the soil and moves to the soil’s surface to
feed (Edwards and Bohlen 1996). It has been the-
orized that the function of their negatively photo-
tactic behaviour is to guide them away from areas
that experience strong light to avoid encounters
with predators as well as desiccation risks (Sandhu
et al. 2018). Earthworms are predated by a
wide range of animals including the red fox (Vulpes
vulpes), the European badger (Meles meles), and
herring gulls (Larus argentatus Pontoppidan) (Cata-
nia 2008). Th-ese predators use their vision and
olfaction to capture earthworms. Therefore, neg-
ative phototaxis may reduce the risk of predation
from diurnal spec-ies, such as birds (Sandhu et al.
2018). Another predator of the common earthworm
is the mole (Tal-pidae) that digs underground to for-
age and create vibrations that the earthworms de-
tect and respond to, allowing them to escape to the
soil’s surface (Catania 2008).

Another antipredator behaviour exhibited by L.
terrestris is the defence mechanism tonic immo-
bility (TI), which is a state of reversible paralysis
where the organism appears to be dead and is un-
responsive to its surroundings (Ruxton et al. 2004).
The behaviour is also known as death-feigning or
thanatosis; however, these terms are misleading as
animals exhibiting TI often display a position differ-
ent from dead animals (Honma et al. 2006). Fur-
thermore, TI is a secondary anti-predatory strategy
as it occurs after the prey has been detected and
physical contact has taken place, whereas thanato-
sis attempts to avoid initial detection from a preda-
tor (Humphreys and Ruxton 2018). Several hy-
potheses have been proposed for the functionality
of this defence strategy, of which three concern the
behaviour of the common earthworm. By exhibit-
ing paralysis, the predator may struggle to detect
the prey after dropping it or the predator may lose

interest (Miyatake et al. 2004); this is particularly
successful for evading predators such as birds that
are attracted to prey movement (Jones et al. 2007).
A second potential function for TI is that a paralysed
individual is less likely to be predated than nearby
non-paralysed conspecifics. In other words, the at-
tention of the predator is diverted to prey that is
not exhibiting TI (Miyataka et al. 2009). Lastly, TI
can make the individual appear dead; some preda-
tors have an aversion to dead prey, as the assumed
death may be related to disease, leading them to
avoid consuming the prey (Humphreys and Ruxton
2018).

The consistency of TI within individuals has
been associated with metabolism and activity. A
study by Krams et al. (2014) observed a population
of mealworm beetle larvae (Tenebrio molitor) and
found that individuals with a higher metabolic rate
exhibited a shorter duration of immobility when en-
countering a predator. A study on two avian species
(Euplectes afer and Passer montanus) reported a
negative correlation between the duration of TI and
activity levels, where individuals exhibiting shorter
durations of TI were more active (Edelaar et al. 20-
12). Similarly, a study on the flour beetle (Tribolium
confusum) found a negative correlation between
activity levels and the duration of TI (Nakayama
et al. 2010). TI is a suitable behavioural trait for
studying boldness (Edelaar et al. 2012), where in-
dividuals that do not enter a state of immobility or
enter TI for a short duration are considered bold in-
dividuals, and individuals that exhibit TI and remain
in the state for a longer duration are considered shy
individuals.

Studies have shown a link between personality
differences and energy metabolism of individuals
whereby individuals with a fast-paced life, such as
a high metabolism, show high risk-taking behaviour
(Réale et al. 2010b; Krams et al. 2014). For ex-
ample, a study on the adzuki bean beetle (Calloso-
bruchus chinensis) reported the duration of TI ob-
served was influenced by body size (Hozumi and
Miyataka 2005). Additionally, studies have found
bold individuals to express phenotypic traits that
reduce predation risk (Ahlgren et al. 2015); in the
case of the earthworm, this trait could potentially
be its body weight.

In this study, individual behavioural differences
will be tested for in L. terrestris by observing one
of their antipredator responses and activity levels.
The earthworms will be tested under two different
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contexts: inducing the earthworm’s TI response to
predation using a shake method and observing the
activity level of the earthworm. By analysing the
results of these experiments, this paper aims to
answer the following questions: Does L. terrestris
exhibit individual variation in TI, TI duration, and
activity levels? If so, do the findings support the
existence of a bold-activity syndrome, and is there
a relationship between the body weight of L. ter-
restris and the behaviours studied?

3 Materials and Methods

Twenty-five L. terrestris were obtained from an
online bait shop and housed individually in opaque
plastic containers filled with compost. To avoid
‘motivational states’, where the differing hunger
level of the earthworms may have a confounding
effect on their behaviour, the earthworms were
fed ad libitum in a standardized manner to avoid
hunger affecting their risk-taking behaviour and ac-
tivity levels (Koolhaas et al. 1999). The body
weight of each earthworm was recorded once be-
fore conducting trials with a digital scale (±0.001g)
to analyse the effect of body weight on the be-
havioural traits boldness and activity.

Trials were conducted in an open field arena
with dimensions 24 x 19 x 8 cm filled with 4 cm
of soil. To distinguish between activity and ex-
ploratory behaviour, this soil was used to imitate
the natural environment of the earthworm, mean-
ing that they would exhibit activity rather than ex-
ploratory behaviour (which is instead investigated
by testing animals in novel settings) (Réale et al.
2007). To measure boldness, a shake stimulus was
applied to mimic the attack of a predatory bird.
Tonic immobility was induced by seizing the earth-
worm at its midbody with forceps, shaking the indi-
vidual side-to-side five times, and dropping it into
the arena from 10cm above the soil. In each trial,
TI was provoked and the duration of this behaviour
was timed using a stopwatch. To measure activity,
the locomotor activity of the earthworms was ob-
served individually for five minutes after the bold-
ness test. Activity levels were rated on a scale of
1 to 4 which are defined as: 1 is the lowest activ-
ity level and describes that the individual’s head
and/or tail moved but the body remained in the
same starting area; 2 denotes that the individual’s
body moved but remained partially in the same

starting area; 3 describes that the individual moved
to a different area of the container; 4 is the high-
est activity level where the individual moved across
� 50% of the arena. To measure the consistency
of the earthworms’ behaviour, four trials were per-
formed on each individual. To avoid habituation
occurring, trials were conducted every three days.
Repeating the same measures multiple times can
lead to individuals habituating to the shake stimuli
and their behaviour could become more or less re-
sponsive, which may bias the results (Martin and
Réale 2008).

Data was collected from all twenty-five earth-
worms for each trial totalling to 100 observations
for each behavioural trait measured. Statistical
tests were conducted in R (R Core Team 2017). The
intraclass correlation coefficient was used to esti-
mate the consistency of the worm’s behaviour; it is
the most commonly used statistic to estimate re-
peatability in animal behaviour (Hayes and Jenkins
1997) and is a good indicator of individual consis-
tency within a population (Réale and Dingemanse

2010). Repeatability is expressed as r =
S2
A

S2
A+S2

where the variables S2
A and S2 stand for the vari-

ance among individuals and the variance within
individuals respectively. The estimate ranges be-
tween one to zero; with an estimate of one, it is pos-
sible to predict an individual’s exact behavioural
value in future trials, whereas an estimate of zero
indicates that it is not possible to make a predic-
tion.

The aims of the experiment were to determine
individual variation in exhibiting TI, TI duration, and
activity levels in L. terrestris and whether there is
a relationship between the body weight of individ-
uals and these behaviours. A secondary aim was
to determine if a bold-activity syndrome exists in L.
terrestris.

To test for consistent individual differences in
the behaviour of L. terrestris, the repeatability esti-
mate of the behavioural measurements was deter-
mined. The r package rptR (Stoffel et al. 2017) was
used to implement the intraclass correlation coeffi-
cient with generalized linear mixed-effects models
fitted. To test for consistency of TI duration within
individuals a Poisson generalized linear mixed-effe-
cts model was fitted. In the model, TI duration was
used as the response, body weight as a fixed effect,
and the earthworm ID and trial number as random
effects. The model was fitted within the rptR func-
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tion and bootstrapped 100 iterations. A similar ap-
proach was conducted to test for the repeatability
of exhibiting TI using a binomial generalized linear
mixed-effects model. To test for the repeatability
of activity in the earthworms, the ordinal scale was
converted to binomial data, as ordinal data was not
suitable for this analysis. The scale of 1 to 4 was
reduced to two categories: low activity (originally
activity levels 1 and 2) and high activity (originally
activity levels 3 and 4).

To test for a relationship between the earthw-
orm’s body weight and TI duration, a Poisson gen-
eralized linear mixed-effects model was fitted us-
ing the r package lme4 (Bates et al. 2015). In
the model, TI duration was the response, and the
earthworm ID was nested in the trial number and
included as a random effect. Body weight was in-
cluded as a fixed effect and a second model was
fitted without body weight as an effect. To test for
the significance of body weight on TI duration, the
models were compared using ANOVA. A similar ap-
proach was conducted to test for the significance of
the body weight of the earthworms on exhibiting TI
and their activity levels. Binomial generalized lin-
ear mixed-effects models were fitted with TI or ac-
tivity level as the response and the same random
and fixed effects previously used.

To determine the existence of a bold-activity
syndrome in L. terrestris, a correlation between TI
duration and activity levels is required. Binomial
generalized linear mixed-effects models were fitted
with activity levels as the response, the earthworm
ID as a random effect with trial number nested, and
TI duration as a fixed effect in one of the models. A
point-biserial correlation was conducted to find the
strength of the correlation between the two traits.

4 Results

Repeatability of individuals exhibiting TI showed
50.8% of total variation attributed to difference
among individuals (r = 0.508, standard error =
0.141, confidence interval = [0.22, 0.73], p-value
< 0.001). Repeatability for the duration individuals
would remain immobile was also high with 52.3%
variation among individuals (r = 0.523, standard
error = 0.112, confidence interval = [0.228, 0.68],
p-value < 0.001). The repeatability for activity level
was lowest with 31.8% variation among individuals
(r = 0.318, standard error = 0.136, confidence in-

terval = [0.038, 0.529], p-value = 0.00197). The
results of the ANO-VA tests (Table 1) indicate that
body weight is not a good predictor of exhibit-
ing TI, TI duration, or activity level (p-value 0.121,
0.1526, 0.6832 > significance level 0.05). How-
ever, TI duration is a predictor for activity levels (p-
value 0.0314 < 0.05). A point-biserial correlation
between these two variables indicates a weak cor-
relation (rpb=-0.20601, p-value = 0.0398) where in-
dividuals with high activity show shorter durations
of TI.

5 Discussion

Personality traits have been reported in numer-
ous species across a wide range of taxa. In this
report, personality in L. terrestris has been demon-
strated by analysing the repeatability of boldness
and activity traits. A meta-analysis on the repeata-
bility of behaviour used 759 estimates from 114
studies on vertebrate and invertebrate species to
determine a repeatability range of 0.35  r  0.52
with an average of 0.37 (Bell et al. 2009). In com-
parison to the meta-analysis, the results indicate
the presence of a shy-bold axis in L. terrestris (re-
peatability estimate for exhibiting TI: r = 0.508,
repeatability estimate for the duration of TI: r =
0.523). These high values for the repeatability
of TI could be explained by three factors. Firstly,
the repeatability of behaviour in invertebrates has
been repor-ted to be higher than vertebrates for
some behav-iours, with the meta-analysis showing
repeatability values for invertebrates to be closer
to the end of the range specified above (Bell et al.
2009). Secondly, research has shown that consis-
tency is higher in individuals when trials are con-
ducted over short intervals in comparison to long
intervals (Bell et al. 2009). This study was con-
ducted within three weeks, which is considered
short for studies of animal behaviour. Lastly, TI is
only one of the antipredator behaviours of L. ter-
restris and consists of two outcomes – the animal
will either enter a state of TI or it will move. An
experiment examining a different antipredator be-
haviour such as their response to vibrations caused
by foraging moles would have more possible out-
comes which could lead to a repeatability estimate
for boldness different from the one found by this
study.

In this study, shy individuals are individuals that
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exhibited TI most frequently and bold individuals
are individuals that immediately moved after en-
countering the stimulus. Shy individuals are more
likely to exhibit TI during a predation attack; this
behaviour deters the predator to attack further,
wh-ich increases the probability of the individual’s
survival (Miyatake et al. 2004). A review of TI in
beetles and moth larvae reported individuals who
entered an immobile state were discovered and
consumed less frequently by predatory birds than
active conspecifics (Steiniger 1936). In contrast,
bold individuals that do not exhibit TI may bene-
fit when encountering a slow-paced predator such
as some carnivorous insects (Ritter et al. 2016).
However, it is not possible to conclude how this be-
haviour affects the fitness of L. terrestris as there
are a multitude of behaviours that affect the like-
lihood of a predator capturing and consuming an
individual (Lind and Cresswell 2005). For example,
in this study, earthworms remained immobile for 5
seconds on average; it is plausible that this amount
of time is sufficient for individuals to survive an at-
tack. However, the actual outcome of an attack de-

pends on the type of predator and their attention
span, which differs between species.

The repeatability estimate for activity levels in
this study was relatively low (r = 0.318) compared
to the meta-analysis (Bell et al. 2009), but is ac-
counted for in the repeatability value range of 0.30
- 0.50 from a study by Réale and colleagues (2007).
To avoid the issues arising in the analysis of ordinal
data, a future experiment to measure the activity of
worms could collect continuous data, such as mea-
suring the overall distance or average speed of the
earthworms using motion tracking equipment. In
this study, active individuals expressed high activ-
ity levels with a fast pace and frequent movement,
whereas less active individuals expressed low ac-
tivity levels with a slow pace and minimal move-
ment. These activity traits of earthworms relate
to behaviours in their natural environment; active
individuals may have a higher chance of encoun-
tering predators in the wild (Killen et al. 2017),
however, it is also possible that active individuals
dig more burrows which would enable them to es-
cape fossorial predators, such as moles, quicker
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than less active individuals.
Although all three repeatability estimates are

high, there is the possibility that some individuals
were more consistent in their behaviour than oth-
ers (Dall et al. 2004; Bell et al. 2009). Differences
in the consistency of an individual’s behaviour can
affect the repeatability estimate; individuals that
are less consistent will reduce the repeatability es-
timate whilst individuals that are highly consistent
will increase the estimate (Réale and Dingemanse
2010). A future study could involve measuring the
individual plasticity and the repeatability of bold-
ness and activity of L. terrestris using a framework
based on the theory of behavioural reaction norms
proposed by Dingemanse and others (Dingemanse
et al. 2010). This would involve examining the re-
lationship between the anti-predatory response of
individuals across an environmental gradient (i.e.
different risks of predation).

Studies have established an association betw-
een morphological and behavioural traits in
species, such as the size of shell relating to bold-
ness in wandering snails (Ahlgren et al. 2015).
In this study, no relationship was found between
the body weight and boldness of L. terrestris or
the body weight and activity levels of L. terrestris,
which suggests body weight is not related to bold-
ness or activity in earthworms. A plausible reason
that no relationship was found is due to the small
range in body weight of the twenty-five individu-
als sampled, where 84% of individuals fell within a
3g range (4g - 7g). All of the earthworms sampled
were obtained in a single order from a bait shop.
Assuming the earthworms are raised in the same
environment, it would suggest environmental con-
ditions have less influence on variation in TI and
activity than other factors, such as genetics, be-
cause there would be no variation in environmental
effects between the worms.

As previously mentioned, correlated relationsh-
ips between behavioural traits such as boldness
and aggression have been observed in a wide va-
riety of species. A weak negative correlation (rpb
=-0.20601) was found between the activity levels
and the TI duration of the earthworms, indicating
that some individuals who exhibited high activity
levels presented shorter durations of TI. The re-
sult corresponds qualitatively with the studies pre-
viously presented; however, it cannot be stated
that a bold-activity syndrome exists in L. terrestris
due to an experimental error. During the trials, the

observations of activity levels were conducted di-
rectly after the stimulus test. Therefore, the be-
haviour induced by the stimulus may have contin-
ued into the observations of activity, meaning that
the two observations may not have been entirely
independent.

When the results of this study are placed in
a broader context, the consequence of individual
variation in the boldness and activity of L. ter-
restris on their ecology can be inferred. Earth-
worms are important ecosystem engineers; they in-
fluence their environment through burrowing, pro-
ducing casti-ngs, and litter fragmentation, all of
which affect functions of an ecosystem such as nu-
trient cycling, soil carbon sequestration, and water
infiltration (Si-ngh et al. 2019). The presence of an
activity trait in L. terrestris has the potential to af-
fect the function rates of an ecosystem: an ecosys-
tem with a substantial portion of low activity types
may have lower rates of functions, such as infiltra-
tion, than an area with high activity types. This re-
duced functioning would affect the growth of plants
in the soil as well as the distribution and abundance
of other soil fauna, having large-scale effects on the
entire system.

Earthworms use vibrational cues to detect
predatory moles (Catania 2008); it can be assumed
that bold individuals would be slower or less likely
to attempt to flee to the surface during an en-
counter with a mole than those less bold. If bold
individuals are less responsive to vibrations, then
it is plausible they are more tolerant of certain vi-
bration levels than shy individuals. A difference in
responses to vibrations could create a species dis-
tribution of bolder individuals inhabiting areas with
higher levels of vibrations such as locations near
wind turbines. Additionally, environments with dif-
ferent predation pressure on earthworms may se-
lect for more bold individuals if predators are gen-
erally slow pa-ced. As previously stated, boldness
and high activity have been associated with proac-
tive coping strategies where individuals are less re-
sponsive to changes in the environment. Bold or
high activity earthworms may not efficiently adapt
to new conditions in comparison to reactive indi-
viduals. For example, earthworms are poikilother-
mic, meaning their activity and metabolism are af-
fected by temperature (Edwards and Bohlen 1996).
Therefore, if the temperature of their environment
increases, highly active individuals may struggle to
adapt their behaviour, increasing their probability
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of mortality due to starvation or physical exhaus-
tion. The limited plasticity that is often associated
with proactive individuals is important to consider
in our current climate crisis as global temperatures
are predicted to increase and droughts will become
more frequent (Singh et al. 2019).

At present, no research has been published on
the personality traits of species within the phylum
Annelida. The present findings provide supporting
evidence for the existence of individual differences
in the behaviour of the common earthworm. Indi-
vidual variation with regards to boldness and ac-
tivity traits of L. terrestris has been identified in
this study. No relationship was detected between
the body weight and boldness, or the body weight
and activity levels of L. terrestris. Furthermore, a
bold-activity syndrome was not determined in L.
terre-stris. Whilst these relationships were not de-
tected in this study, it is conceivable that they ex-
ist but require different experimentation methods
to be identified. The findings from this study are
a useful addition to the growing body of research
on animal personalities. More specifically, these re-
sults are an important step towards addressing the
ecological and evolutionary consequences of per-
sonality in the common earthworm, a species that
has a significant impact on the biological, chemical,
and physical properties of the soil on a global scale.
This study has given rise to many questions in need
of further investigation. Future studies should in-
vestigate the interindividual variation of antipreda-
tor responses and activity levels in a range of con-
texts to test the plasticity of these traits in L. ter-
restris and examine the mechanisms behind them.
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