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Abstract

Non-human animals can exhibit idiosyncratic behaviour across individu-

als in much in the same way as humans. Animals with specific personali-

ties may have advantages in some environments, and this idiosyncrasy

may thus be of considerable ecological and evolutionary importance. In

group-living organisms, personality can occur at the level of the group as

well as that of the individual. However, at present, we have very little

understanding of the possible benefits of group-level personality, and how

this is linked with individual personality. In this study, I examine the

influence of individual and group personality during the process of colony

migration in the Japanese ant, Myrmecina nipponica. These ants use a con-

sensus decision process to decide among alternatives when searching for a

new home. Individuals contribute to this process by scouting for new nest

sites, recruiting nestmates by laying pheromone trails, and carrying brood

to the new site, although whether these roles are consistent among indi-

viduals and how roles are distributed within and between colonies remain

unclear. Individual contributions to the nest-site selection process were

quantified over five repeated relocations in five colonies. Results demon-

strate that contributions to the relocation effort were highly skewed

within the colonies and that individuals were consistent in their contribu-

tions over repeated relocation events. Furthermore, the distribution of

effort differed between colonies, indicating that intercolony differences in

composition of behavioural types resulted in colony-level personality.

While these differences did not lead to any detectable difference in reloca-

tion performance between colonies in the simple experimental arrange-

ment used, colony personality could influence decision outcomes in more

complex environments.

Introduction

In what has been considered an analogue of human

personality, animals in a wide range of species display

consistent behavioural differences across individuals

(Dingemanse et al. 2007; Nettle & Penke 2010; Reale

et al. 2010; Budaev & Brown 2011). Such ‘personal-

ity’ (also referred to as ‘idiosyncrasy’ or ‘behavioural

syndromes’) may give particularly oriented individu-

als advantages in some environments (Jandt et al.

2014). For example, bold individuals may be more

likely to find food but may also suffer high predation

in predator-rich environments. Recent studies have

emphasised that natural selection can act on interin-

dividual behavioural variation (Cote et al. 2010;

Dingemanse & Reale 2010) and that these differences

may have significant ecological and evolutionary

implications (Wolf et al. 2007; Dall et al. 2012; Wolf

& Weissing 2012), making personality in animals a

topic of growing interest unto itself (Reale et al. 2010;

Wolf & Weissing 2012).

In many social organisms such as social insects,

‘personality’ can have a dual meaning. Firstly, indi-

viduals can vary in their behaviour, and indeed,

behavioural specialisation (‘division of labour’) in

social insects has long been recognised as a driving
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factor in their success (Wilson 1971; Gordon 1996;

Jandt et al. 2014). Secondly, in such highly inte-

grated societies, the group can in many contexts be

considered a single entity (‘superorganism’), and var-

iation (and selection) can occur at the level of the

group (Wilson 1975; Bourke & Franks 1995; Gardner

& Grafen 2009). Whereas differences in behaviour

between individuals may be driven by factors includ-

ing age, condition, size, social interactions, genotype

and experience (Tripet & Nonacs 2004; Ravary et al.

2007; Jandt et al. 2014; Jeanson & Weidenm€uller

2014), group composition is a critical factor underly-

ing group behaviour (Hui & Pinter-Wollman 2014;

Jandt et al. 2014; Modlmeier et al. 2014a). Small

changes in individual behaviour can lead to large

changes in group-level behaviour (Couzin et al.

2002; Pruitt & Riechert 2011; Modlmeier et al. 2012;

Pruitt & Keiser 2014), and thus, the distribution of

individual personality in a group can have strong

group-level fitness consequences (Wolf et al. 2007;

Dyer et al. 2009). Furthermore, given that contribu-

tions to group actions are often not equally distrib-

uted within the group (Brown & Irving 2014;

Modlmeier et al. 2014b), the outcome at the group

level will depend on the relative contribution of, as

well as identity of, the individuals involved. For

example, exploration behaviour in guppies at the

group level is influenced by the personalities of a

minority of key individuals with certain personality

types (Brown & Irving 2014). At present, however,

few studies have examined personality at the group

level (Dussutour et al. 2008; Bengston & Dornhaus

2014), and we have only recently begun to investi-

gate how consistent variation in behaviour among

individuals contributes to the coordination of collec-

tive behaviours that underlies the success of social

groups (Reale et al. 2010; Hui & Pinter-Wollman

2014; Keiser et al. 2014; Modlmeier et al. 2014a; Pla-

nas-Sitj�a et al. 2015).

The collective behaviours that characterise social

organisms are frequently dependent on consensus-

based processes, as these permit decisions to be

reached between mutually exclusive courses of

action while maintaining group integrity. Consensus

decisions provide a means to effect a coordinated

group-level response, and arise as the product of the

actions of numerous individuals in a decentralised

manner. These decisions are often quorum based:

individuals collect information on available courses

of action then vote in some way for their preferred

choice, but no action is implemented until a thresh-

old number of individuals – a quorum – is voting for

one option. Once the quorum is achieved, a phase

shift occurs and a decision is reached at the group

level. Ants use consensus decisions to decide among

potential new homes when their current nest

becomes unsuitable, and this has proved a valuable

model of consensus processes (Visscher 2007; Pratt

2010). In this study, I use this model system in the

ant Myrmecina nipponica to examine how colony-

level and individual-level personalities are associated

and how these factors influence the performance of

collective tasks.

Myrmecina nipponica is an ant with small colonies

of 10–70 individuals and is distributed throughout

Japan. This species has undifferentiated workers, and

thus behavioural roles are unconstrained by mor-

phology. Myrmecina nipponica uses a highly demo-

cratic consensus decision process when deciding on a

new site in which to live when its old nest becomes

unsuitable (Cronin 2012). During decisions over a

new nest site, approximately half of the colony acts

as scouts, gathering information over potential sites.

During a long ‘deliberative’ phase, scouts visit poten-

tial new nesting sites and ‘vote’ for preferred sites by

laying pheromone trails (Cronin 2013a,b), which act

to recruit further scouts. No decision is made, how-

ever, until a quorum of individuals occurs at one site

(Cronin 2013b), at which point individuals switch to

a ‘committed’ phase and begin carrying brood to the

new nest to rapidly conclude the relocation. Approx-

imately 30% of the colony comprises the quorum,

and just under half of the colony partakes in brood

transport (Cronin 2012). Thus, individuals in this

species influence the relocation process in three prin-

cipal ways (1) scouting effort, (2) quorum assess-

ment and (3) brood transports. However, it is

unclear to what degree these contributions overlap

within, and are consistent between, relocation

events, and how the distribution of individual per-

sonality within a group might influence behaviour at

the level of the group. That is, whether the reloca-

tion process is driven by generalists or specialists,

whether these roles are consistent, and to what

degree this can explain intercolony differences in

performance. In this study, I thus explore the follow-

ing questions: (1) is there personality at the group-

level during consensus decision-making and colony

relocation, (2) do individuals within colonies exhibit

consistent roles and how is the input to the various

components distributed, (3) to what degree can vari-

ation in individual behaviour or individual task allo-

cation explain any variation in colony-level

performance and (4) do colonies improve with

experience, and if so, how is this manifested at the

individual level.
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Methods

Colony Collection and Maintenance

Entire colonies of M. nipponica were collected from

patches of moss and the bases of ferns in broadleaf for-

est near Chitose City in Hokkaido, northern Japan

(N42°470 E141°340, alt approx. 100 m), in Sep. 2012

and 2013. Ants were housed in artificial laboratory

nests, and all ants were individually marked with dif-

ferent coloured spots on the head, thorax and gaster

(see Cronin 2012, 2013b). Colonies were fed approxi-

mately every 3 d with pieces of mealworm (Tenebrio

larvae) and ad libitum sugar and water. The five colo-

nies used in experiments consisted of 20–31 ants

(Table 1) and were of average size for this species

(Cronin 2012). Myrmecina nipponica has both winged

queens and ergatoid (worker-like) queens (Miyazaki

et al. 2005). Four of the five colonies used in this

study contained a single, ergatoid queen, and one was

orphaned (Table 1).

Experimental Relocations

Relocations were undertaken under standard labora-

tory conditions (Cronin 2012, 2013b) using inter-

connected 10 9 10 9 3 cm nesting boxes floored

with plaster. Colonies were forced to relocate to a

new nest following removal of their current labora-

tory nest, which could be lifted from the surface of

the plaster without directly disturbing the ants.

Each colony was provided with a single new nest

option in a new nest box, connected to the current

nest box by an empty navigation chamber (Fig. 1).

Laboratory colonies of M. nipponica may nest any-

where in artificial nesting boxes, although protected

areas such as corners are preferred and artificial

nests offer an outstandingly superior choice. Reloca-

tions were conducted simultaneously for groups of

colonies (A-C starting 30 Jan. 2013, and D and E

starting 11 Nov. 2013) and were run at 9:00 am

every second day over 10 consecutive days, such

that each colony performed five sequential reloca-

tions.

Web-cameras (Elecom Ucam-DLA200H) positioned

above the nest entrance were used in conjunction

with the motion-detection software iSpy (www.ispy-

connect.com) to track entry/exit events. The identity

and timing of individual ants entering and exiting the

new nest(s) and transporting brood were scored man-

ually from videos.

Relocation Metrics

Relocation performance was characterised using six

main metrics as described below.

Duration

The relocation process in M. nipponica can be divided

into three phases (Cronin 2012). The ‘discovery’

phase is defined as the time from destruction of the

nest to the first ant entering the new nest. Brood

transport does not begin until a consensus decision

has been achieved, which is dependent on achieve-

ment of a ‘quorum’ of individuals at the new site

(Sumpter & Pratt 2009; Cronin 2012, 2013b). The

‘assessment’ phase is defined as the time from first

entry until the first quorum response, during which

scouts are recruited to new sites via pheromone trails

laid by ants that have visited and accepted that site,

and this facilitates the achievement of a quorum (Cro-

nin 2013b). From the quorum point until the end of

the relocation is termed the ‘transport’ phase. Reloca-

tions were deemed completed when all brood had

been transported. Relocation duration was quantified

as total time from removal of the original nest to com-

pletion of the last transport.

Table 1: Colony characteristics and relocation metrics over the five relocations. Included are group size (total number of ants); number of brood;

mean (�SD) measures over all relocations for quorum threshold (first half of all switching ants); percentages of scouts, transporters and passive ants

during the five relocations; and values of Kendall’s coefficient of concordance (W) for scouting and transport effort, along with associated results of

chi-square significance tests (bold indicates significance at p < 0.05 after adjustments for multiple tests). Colony E was the single orphan colony

Colony Group size Brood Quorum Scout % Transporter % Passive %

Scout effort Transport effort

W p W p

A 31 28 9.0 � 1.5 61 � 4 32 � 5 39 � 4 0.81 <0.001 0.35 0.006

B 20 10 5.3 � 1.2 72 � 6 24 � 7 28 � 6 0.70 <0.001 0.32 0.044

C 29 32 7.8 � 2.0 35 � 7 24 � 8 65 � 7 0.46 <0.001 0.32 0.024

D 27 35 8.3 � 1.7 46 � 9 24 � 3 54 � 9 0.58 <0.001 0.25 0.190

E 30 45 9.7 � 2.1 47 � 14 27 � 8 52 � 14 0.59 <0.001 0.37 0.003
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Scouting and transport effort

Individual input to the relocation process was inferred

by summing the total number of times each ant

entered the new nest and the number of brood trans-

ports made by each ant. The first of these measures

was used as a proxy for an individual’s contribution to

scouting and nest assessment, and is hereafter termed

‘scouting effort’. In this form of experimental set-up,

the number of entries to the new nest provides a good

estimate of overall individual activity (total distance

covered) during the relocation process (Cronin &

Stumpe 2014). Ants that made at least one visit to the

new nest prior to the first transport were classed as

scouts. Transporters were ants that made at least one

brood transport during a given relocation, and ‘trans-

port effort’ was the total number of brood transports

by an individual in a given relocation.

Activity

The proportion of active ants was quantified as the

number of ants that acted as scouts and/or transport-

ers divided by the colony size.

Skew

The distribution of effort among ants during a given

relocation event was quantified using Nonac’s B index

(Nonacs 2000) with the software SkewCalculator,

with number of entries or transports as ‘benefits’. This

index ranges from �1, which indicates that the distri-

bution of the metric of interest is equally distributed

among individuals, to 1, indicating a pattern of

extreme skew, with an index of 0 indicating a distri-

bution equivalent to that expected by chance. Skew

was tested against zero in SkewCalculator to deter-

mine whether the distribution of scouting and trans-

port effort among members of the colony was

significantly different to random.

Quorum thresholds

Quorum-sensing ants likely estimate numbers using

encounter rates (Pratt 2005) and do so in a ratio-

dependent manner (Cronin 2014). The quorum

threshold of an individual ant was defined as the

number of ants in the new nest at the time the focal

ant departed the site to undertake her first transport.

The quorum threshold for a given relocation was cal-

culated as the mean of the quorum thresholds for the

first half of all ants that make the ‘switch’ to transport

roles. The first half of all switching ants was used as

this accounts for possible bias in late switching ants

encountering a number of ants at the new site which

greatly exceeds their internal quorum threshold (Cro-

nin 2013b, 2014). Over the 25 relocations, there was

a total of 189 switching ants, 103 of which contrib-

uted to quorum threshold analyses (i.e. were first-half

switchers).

Concordance

Kendall’s coefficient of concordance (W; Kendall &

Babington-Smith 1939) was calculated for each col-

ony over the five relocation events to examine consis-

tency in scouting effort and transportation effort. This

coefficient provides an index between 0 and 1 of the

concordance of ranks of several ‘subjects’ over multi-

ple ‘judges’, with 1 indicating complete consistency

and 0 complete discord. In this case, 1 indicated con-

sistent effort ranks among individuals within a colony

(subjects) over the five relocation events (judges).

Thus, unlike other metrics, concordance was calcu-

lated only once for the five relocation events, and

higher values indicate greater consistency in the dis-

tribution of effort/transports among individuals over

the repeated relocation events. Values of W were

tested against a value of 0 (no consistency between

relocations) using chi-square tests.

Statistical Analysis

All analyses were performed in R version 3.1.2 (R

Core Team 2013). Linear mixed-effect models were

implemented using the lmer function from the lme4

package coupled with the lmerTest package for calcu-

a

b

Fig. 1: Experimental set-up. Ants were forced to relocate to a new nest

(b) by removing their artificial nest (a). Nests consisted of a foam circlet

with a small (3 mm) opening, sitting atop the plaster and surmounted

with a microscope slide and red cellophane filter. Nest boxes were

10 9 10 9 10 cm and floored with approx. 5 mm plaster which was

kept moist.
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lation of p-values using Satterthwaite approximations.

A mixed-effect model was used to examine the influ-

ence of experience on the performance metrics

described above, with colony as a random factor. AN-

COVA was used to examine the effect of colony size

and differences between colonies. All p-values were

adjusted to account for false discovery rates arising

from repeated tests (Benjamini & Hochberg 1995).

Means are given as arithmetic mean � standard devi-

ation unless otherwise stated. The total data set com-

prised 5268 entry/exit events from 137 individual

ants over 25 relocations of five colonies.

Results

All colonies were able to move successfully to the sin-

gle new nest provided in five sequential relocations,

and there was no colony splitting. Relocations varied

in duration from 95 to 390 min and featured 112–435
entries to the new nest (Fig. 2). These two measures

were positively correlated over all relocations (Pear-

son’s r = 0.454, n = 25, p = 0.023). The majority of

the relocation time (62 � 18%; n = 25) was invested

in the ‘deliberative’ assessment phase.

Influence of Experience on Relocation Performance

The influence of experience was assessed using a

mixed-effects model blocked by colony with reloca-

tion number as a covariate. No effect was found on

any of the tested parameters (Table 2). Subsequently,

relocation events within colonies were treated as

independent events.

Intercolony Differences in Relocation Metrics

Intercolony variation in relocation duration and effort

was examined using ANCOVA with colony as a factor

and colony size as a covariate. These analyses indi-

cated that there was no difference between colonies

and no colony size effect on overall duration or effort

invested into relocations (Table 2). The same was true

when analyses were repeated for each phase of the

relocations (colony effect – duration: p > 0.403 and

effort: p > 0.054 in all cases; colony size effect – dura-

tion: p > 0.143 and effort: p > 0.097 in all cases). Col-

onies differed in the proportion of active ants (Fig. 3a)

and in the distribution of effort (skew; Fig. 3b),

although these factors were also linked. As in previ-

ous studies (Cronin 2014; Cronin & Stumpe 2014),

quorum thresholds were higher in larger colonies

(Table 2). There was also a colony size effect on the

proportion of active ants, with the one smaller colony

(B) having a notably higher proportion of active ants

(Fig. 3a). However, colonies A and B were the small-

est and largest colonies but possessed similar values of

activity, indicating that this effect could not be

explained by differences in colony size alone.

Individual Contributions to the Relocation Process

Just over half of the colony on average (52 � 15%,

n = 25) was actively involved in the relocation proc-

ess (i.e. acted as a transporter or scout; Table 1). All

transporters had also acted as scouts, and thus, the pro-

portion of scouts was equal to that of active ants,

while a subset of these ants (26 � 7% of the colony)
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contributed to brood transport (Table 1). For ants

which had been scouts in at least one of the reloca-

tions, mean scouting effort over the five relocations

was correlated with the mean transport effort (Pear-

son’s r = 0.567, n = 108, p < 0.001), indicating the

most active scouts also served as the most active trans-

porters. The remaining ‘passive’ ants moved by them-

selves to the new nest once transports had begun.

Brood number was not correlated with colony size

(Pearson’s r = 0.794, p = 0.109), but the proportion of

transporters increased with colony size (ANCOVA: col-

ony size: F1,3 = 17.68, p < 0 .001; colony: F1,3 = 0.506,

p = 0.68), suggesting transporter numbers were depen-

dent on the number of workers available and not the

number of brood.

Scout ants varied markedly in their contribution to

the scouting effort, with between one and 55 visits to

the new nest (median 13; n = 351). Transport effort

was also highly variable, with transporting ants mak-

ing between one and 11 transports (median 3;

n = 183) per relocation event. Skew was calculated

for scouting effort over all ants, though not for trans-

ports as there were relatively few contributors. Skew

indices were significantly different from a random dis-

tribution (i.e. B was significantly >0; p < 0.001 for all

relocations). Moreover, as noted above, the degree of

skew differed between colonies (Table 2; Fig. 3b; see

also Supporting Information), suggesting that some

colonies were more ‘egalitarian’ in their distribution

of relocation effort than others. High skew appeared

to be associated with a lower proportion of active ants

(Fig. 3), although high skew could also arise from an

increase in effort in the most active individuals. Skew

in relocation effort was thus compared with (1) effort

of the most active ant and (2) the proportion of active

ants for each relocation, using mixed-effects models

with colony as a random factor. These analyses indi-

cated that whereas the effort of the most active ant

did not vary with skew (t = 1.208, p = 0.238), reloca-

tions with higher skew also had fewer active ants

(t = �7.198, p < 0.001), indicating that higher mea-

sures of skew were the result of a greater proportion

of ‘lazy’ ants rather than increased activity of the most

active ants. Thus, the more ‘egalitarian’ colonies were

those in which more of the workforce was mobilised

into active participation in the relocation process.

Finally, there was evidence that the skew in effort

was consistent, implying that the bias in behavioural

roles during relocations was stable. The coefficient of

concordance (W) for relocation effort is a measure of

the consistency of individual behavioural roles and

Table 2: Results of mixed-model analyses of experience effects, and ANCOVA statistics for the influence of colony size and intercolony differences

for multiple relocation metrics. Bold indicates significance at p < 0.05 following Benjamini–Hochberg correction of p-values (Benjamini & Hochberg

1995)

Dependent variable

Experience Colony Colony size

t p F p t p

Total duration �0.109 0.914 1.025 0.402 0.426 0.521

Total effort 0.681 0.504 3.564 0.0325 0.669 0.423

Quorum 1.534 0.142 1.346 0.2877 8.603 0.00822

Skew �1.934 0.0681 6.131 0.00395 4.211 0.0535

Active ants 1.748 0.0966 11.65 <0.001 19.47 <0.001

A

B

Fig. 3: Box plots of intercolony variation in (A) proportion of active

ants, (B) skew in distribution of effort. Skew in effort during the assess-

ment phase is indicated by Nonac’s index of skew, B (see Methods).

Boxes indicate upper and lower quartiles and the horizontal line indi-

cates the median, while whiskers indicate boundaries of maximum/mini-

mum points within 1.59 the interquartile range. Outliers are indicated

by points. Lower-case letters above boxes define groups indicated by

Tukey’s HSD post hoc tests at p < 0.05 following ANOVA.
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was calculated for ranks of (1) total effort, and (2)

total transports, during each relocation, with the null

hypothesis that there is no ‘agreement’ across reloca-

tion events (i.e. ranks are random and thus W = 0).

For scouting effort, all colonies exhibited a highly sig-

nificant degree of concordance (range 0.46–0.81),
with particularly high levels of consistency found in

two colonies (A & B; Table 1; see also Supporting

Information). Transport effort was considerably less

consistent, ranging from 0.25 to 0.37 (Table 1), but

was still significantly different to a distribution

expected by chance in three of five cases. This indi-

cates that behavioural roles were highly repeatable

over the five relocations, but more so in some colonies

than others, and more so for scouting effort than

transport effort. Furthermore, there was a strong sug-

gestion that more consistent colonies were also those

with lower skew and a higher proportion of active

ants, although the relationship was marginally non-

significant in both cases (Fig. 4; Pearson’s correlation:

skew: r = �0.87, n = 5, p = 0.055; proportion of

active ants: r = 0.842, n = 5, p = 0.074).

Queens also exhibited some evidence of personality

among the four queen-right colonies. Queens tended

to move in the latter parts of relocations and made a

median 1.5 (n = 20) visits on average (Supporting

Information). In most relocations (12 of 20 first visits),

queens did not visit the new nest until the transport

phase. However, some queens were more ‘cautious’

than others: the queen in colony C only made only

single, post-quorum movements, while other queens

made multiple visits both before and after the quorum

decision point.

Influence of Individual Personality on the Group

Outcome

Although colonies did not exhibit any significant dif-

ferences in relocation duration or effort, the variation

in the distribution of effort during relocations could

have an influence on the distribution and quantity of

information on which decisions during relocation are

based. Firstly, colonies with a higher proportion of

active ants had both a higher number of visits (mixed

model blocked by colony: t = 4.830, p < 0.001) and a

higher rate of visits (total entries/total duration) to the

new nest (t = 2.427, p = 0.025), and this could mean

that these colonies have access to a greater body of

collective information regarding the quality of poten-

tial sites when the decision point is reached. Secondly,

in all colonies, the distribution of effort was highly

skewed and in all cases, this bias was consistent across

individuals. The most active ants were also those who

undertook the most transports and thus, by definition,

the ones contributing most frequently to the phase

change from the ‘deliberative’ assessment phase to the

‘committed’ transport phase (given that the switch to

transporting comes after a quorum response). Indeed,

across all ants which underwent at least one quorum

switch, the mean effort over all five relocations was

correlated with the number of times that individual

underwent a quorum switch (Pearson’s r = 0.473,

n = 78, p < 0.001). This indicates that the key behav-

iours associated with colony relocation are consis-

tently performed by a relatively small (though

variable) proportion of the colony, suggesting these

individuals are acting in de facto leadership roles.

Discussion

Group-level personality depends on the frequency of

behavioural types from which the group is comprised
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Fig. 4: Relationship between concordance (W) and (A) proportion of

active ants and (B) skew in relocation effort. Skew (Nonac’s B index) and

proportion of active ants are mean values over the five relocations for

each colony. Kendall’s coefficient of concordance is calculated across all

five relocations for ranks of effort among individuals (see Methods).
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(Dyer et al. 2009; Pinter-Wollman 2012; Hui & Pin-

ter-Wollman 2014; Modlmeier et al. 2014a). Individ-

ual contributions to colony relocation in M. nipponica

were consistently biased over repeated relocation

events, and this personality led to intercolony differ-

ences in the distribution of effort during the reloca-

tion process, as colonies had different compositions of

high and low effort individuals. While there was no

detectible influence of these patterns on total effort

invested in, or duration of relocations, the simplicity

of the relocation task set may mask possible costs and

benefits of personality at the colony level. For exam-

ple, colonies with a higher proportion of active ants

had higher activity levels and were thus likely to be

able to collect more information on possible new nest

sites during the deliberative stage of the relocation

process. This means that collectively, these colonies

had more information regarding the availability and

quality of possible new nesting sites than those with

fewer active ants. While all colonies successfully

migrated to the new nest in this study, there was only

a single outstanding option to choose from. Given that

the accuracy of collective decision-making in ants can

decline as choices become more complex (Sasaki et al.

2013) having a larger information pool may be bene-

ficial in more complex environments. Indeed, larger

groups are thought to have decision-making advanta-

ges across the animal kingdom (Conradt & Roper

2003; Simons 2004; Sumpter 2010), and thus colonies

with more active workers could similarly benefit from

a ‘wisdom of the crowds’ effect.

Intracolony heterogeneity in behaviour (‘division of

labour’) is well known in social insects and is usually

linked with genetic composition, size or age structure

of colonies (H€olldobler & Wilson 1990; Jeanson &

Weidenm€uller 2014). However, while colony size is

known to influence collective processes in M. nippo-

nica (Cronin 2014; Cronin & Stumpe 2014), colonies

in this study were in most cases of similar size and,

where different, did not vary in a manner consistent

with a colony size effect (for example, the largest and

smallest colonies exhibited the most similarity in per-

formance characteristics). Similarly, this species is

monogynous and monandrous (Murakami et al.

2000), and thus variation between individuals is unli-

kely to have a genetic basis. This suggests that interin-

dividual differences in this species arise from other

sources. Age-based polyethism is a common mecha-

nism of task division in social insects and cannot be

ruled out (Seeley 1982; H€olldobler & Wilson 1990),

although a further possibility is variation in the local

environment during colony growth and development.

This can lead to intercolony differences in pre-imaginal

environment, ontogeny and experience of individu-

als, all of which can influence the distribution of

phenotypically plastic behavioural types (Bengston &

Jandt 2014; Jeanson & Weidenm€uller 2014). While

behavioural roles during colony relocation appear to

be consistent over the short term, it would seem that

there is plasticity in the system: Cronin & Stumpe

(2014) showed that removing the most active half of

the colony workers did not influence the proportion

of scouting ants or relocation speed in this species,

indicating that critical roles were readily adopted by

available ants. Such plasticity may be a characteristic

of ant species lacking morphological castes: individu-

als performing specific roles are also replaced if

removed in Temnothorax (Pinter-Wollman et al. 2012)

and Cerapachys ant workers can adopt new tasks after

only a few attempts (Ravary et al. 2007). In contrast,

however, Sumana & Sona (2013) showed that a single

key individual is critical to the relocation process in

Diacamma ants, and the relocations are hampered if

this individual is removed.

In collective actions, individuals can disproportion-

ately influence the group-level outcome depending

on their relative contribution to collective processes

(Wolf et al. 2007; Dyer et al. 2009; Brown & Irving

2014). Although there is considerable evidence for

leadership during collective processes in vertebrate

societies (see Dyer et al. 2008), this is less well estab-

lished in invertebrates and it has often been assumed

to that collective decisions are equally shared (Cam-

azine et al. 2001; Conradt & Roper 2009; Stroeymeyt

et al. 2011). In social insect colonies, some highly

active individuals may contribute disproportionately

to all tasks (‘elites’; Robson & Taniello 1999). How-

ever, specialists in complex, multicomponent tasks

have also been identified. For example, Pinter-Woll-

man et al. (2012) describe ‘emigration specialists’ in

Temnothorax ants, which have high levels of scouting

and brood transport activity but relatively little activ-

ity in other tasks. Although scouting and transport

effort were correlated in M. nipponica, the contribu-

tion of these individuals to other colony tasks remains

to be assessed. What is clear is that these individuals

at least have the opportunity to make a disproportion-

ate contribution to the consensus decision process. In

colonies of M. nipponica searching for a new nest site,

reaching a decision depends on (1) the effort of scouts

in exploration and trail formation, and (2) contribu-

tions to the quorum decision as ants switch to trans-

port roles. These measures were highly skewed

among individuals within each colony, highly corre-

lated, and consistent over the five relocations per-

formed, strongly suggesting that some individuals are
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effectively acting as leaders. There was significant var-

iation between colonies in the degree of skew, how-

ever, suggesting decisions may be more or less shared

in different colonies. While a small proportion of

informed individuals can effectively guide collective

processes (Couzin et al. 2005; Conradt et al. 2009;

Bode et al. 2012), modelling studies suggest that

broadly shared decisions are advantageous under

most circumstances, particularly in groups with little

conflict of interest among group members such as

relocating ant colonies (Conradt & Roper 2003, 2007).

There was a suggestion that colonies with a greater

proportion of active workers were also more consis-

tent in their behavioural roles during relocation

events, and it is tempting to conclude that the lower

concordance in colonies with higher skew in effort is

perhaps evidence of a suboptimal balance of behavio-

ural types. For example, it is possible that colonies

with fewer active ants could have a higher proportion

of young ants. However, other studies indicate that

groups comprising a mix of behavioural types may

have advantages (Johnstone & Manica 2011; Hodgkin

et al. 2014) and that in some environments, smaller

groups can make better decisions than larger ones

(Kao & Couzin 2014). Furthermore, the influence of

group composition may vary between species (Mod-

lmeier et al. 2014a) and, without data on decision

accuracy, it is impossible to deduce which balance is

optimal in this species and whether this optimal

balance is the same across all contexts.

Finally, there was no evidence of experience-

related improvement over the course of the five relo-

cations. Previous studies of nest-site selection in other

ants suggest that learning can improve relocation

speed or efficiency (e.g. Langridge et al. 2004; Bou-

chet et al. 2013) and the lack of improvement here

may be a product of the simple experimental arena or

limited repetitions, but further investigations are

needed. Future studies should manipulate colony

composition to see how this influences the distribu-

tion of effort during colony relocation, and assess how

differences in the distribution of effort between colo-

nies influences decision accuracy and relocation speed

under different environmental conditions.
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