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Investigating the evolution of consistent between-individual behavioral differences

necessitates to explain the emergence of within-individual consistency. Relying on a

recent mathematical model, we here test the prediction that the emergence of differences

in within-individual consistency is related to the sequential access to resources in

a frequency-dependent foraging game. To this end we used flocks of zebra finches

(Taeniopygia guttata) engaged in a producer-scrounger foraging game. Tactic investment

(i.e., the proportion of hops with the head down) significantly predicted successful

tactic use (i.e., the proportion of seeds produced). In support of predictions, we found

that individuals that arrived first at a foraging area were more consistent in both their

investment into and their use of the producer tactic. Also, birds in higher body condition

were less consistent in their producer tactic use. These results provide the first evidence

that variation in behavioral consistency can emerge through the sequential access to

resources in a frequency-dependent game. They also highlight a potential physiological

cost of behavioral flexibility. Our findings suggest an explanation for the link between

personality traits and social information use.

Keywords: behavioral flexibility, body condition, exploration, intra-individual variability, social foraging,

state-dependence, personality, Taeniopygia guttata

INTRODUCTION

Behavioral ecology assumes that organisms have either evolved

adaptive fixed traits over the course of generations or the required

flexibility which enables them to adopt adaptive behavior accord-

ing to local environmental conditions (the so-called “behavioral

gambit”) (Fawcett et al., 2013). The idea of unique adaptive

traits is thus increasingly challenged by the growing number

of cases where animals of the same population differ consis-

tently in their behavior (also called animal “personalities”) (Réale

et al., 2007; Kight et al., 2013). Explaining the origin of such

within-population variation necessitates the identification of the

factors favoring both among-individual behavioral differences

and within-individual consistency (Dingemanse and Wolf, 2013;

Kight et al., 2013).

The maintenance of among-individual behavioral differences

is thought to be linked with multiple evolutionary processes

(Dingemanse and Wolf, 2010; Réale et al., 2010a). For instance,

life-history/behavior co-evolution (Biro and Stamps, 2008; Réale

et al., 2010b; Nicolaus et al., 2012), sexual selection processes

(Reaney and Backwell, 2007; Schuett et al., 2010; Pruitt et al.,

2011), or fluctuating selection pressures (Dingemanse et al., 2004;

Quinn et al., 2009; Dochtermann et al., 2012) are all thought

to promote among-individual differences within animal popu-

lations. However, explaining why and when within-individual

consistency can emerge remains an end in itself that deserves

investigation (Kight et al., 2013). The ultimate factors favoring

within-individual behavioral consistency remain little explored

(McNamara et al., 2009; Dingemanse and Wolf, 2013; Kight

et al., 2013). Whereas behavior is traditionally thought of as

being highly flexible, recent evidence has highlighted individual

differences in behavioral consistency (e.g., “intra-individual vari-

ability,” David et al., 2012a; Stamps et al., 2012; Briffa et al., 2013;

Laskowski and Bell, 2013). These recent findings, associated with

the development of theory-based predictions about the evolution

of within-population behavioral differences (Wolf et al., 2008;

Dingemanse and Wolf, 2010), suggest that within-individual con-

sistency may be shaped by natural selection. Determining how

and why variation in individual consistency can emerge and be

maintained within populations is thus crucial to providing a com-

plete account of the evolution of consistent among-individual

behavioral differences.

Using a simulation model, Dubois et al. (2012) recently

investigated how differences in within-individual consistency

can emerge in a situation where individual payoffs are
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frequency-dependent. The model assumes that when arriving at

a foraging area, individuals that arrive first have no opportu-

nity to utilize the findings of others (i.e., scrounge) and so are

left with no other option than producing (i.e., actively search-

ing for food). It also predicts that these early arrivals should

show persistent producer tactic use over a single foraging bout.

Therefore, when individuals are consistent in their arrival order

over different foraging episodes, they are also predicted to be

more consistent in their use of the producer tactic (Dubois et al.,

2012). In this situation the frequency-dependence of expected

payoffs is thought to make both consistent and flexible tactic

use co-existing and thus to prevent the flexible strategy from

being an evolutionary stable strategy (Dubois et al., 2012). In

the present paper we use zebra finches (Taeniopygia guttata), a

ground-feeding passerine bird species foraging in flocks, to test

the prediction that first-arriving individuals express a greater

within-individual consistency in both their investment into and

their use of the producer foraging tactic (Dubois et al., 2012).

Body condition was controlled for as previous findings indicate

that it may negatively affect behavioral consistency (David and

Giraldeau, 2012).

METHODS

STUDY SUBJECTS

Fifteen adult male and 15 adult female zebra finches were com-

mercially purchased and kept in same-sex flocks of 2–3 individ-

uals in small home cages (l × h × w: 52 × 38 × 29 cm). Room

temperature was maintained at 24 ± 1◦C on a 12:12 h light:dark

cycle (0800–2000 h). Millet seeds, water, and cuttlebones were

provided ad libitum while vegetables and an egg mixture were

occasionally offered. Zebra finches are small passerine birds that

forage in large flocks in the wild. Feeding flocks are formed either

by individuals joining others already feeding on the ground or

by individuals landing in a cohesive flock (Zann, 1996). Here we

extended the analyses of previously published data from the same

foraging trials where exploration behavior, foraging tactic use,

and arrival order on the foraging grid were found to be repeatable

(David et al., 2011a).

ASSESSMENT OF BODY CONDITION

Eight days before the experiments, individuals were weighed twice

to the nearest 0.01 g using an electronic balance, and tarsus length

was measured twice to the nearest 0.1 mm using a digital caliper.

Measurements of weight [Pearson’s r(29) = 0.98, p < 0.0001] and

tarsus length [r(29) = 0.79, p < 0.0001] were significantly repeat-

able (David and Giraldeau, 2012). Body condition was assessed

from the residuals of the linear regression of log10 (weight) on

log10 (tarsus length).

EXPLORATION TRIALS

Exploration behavior was assessed by placing birds alone in a

novel environment cage (120 × 120 cm and 60 cm high) com-

posed of five artificial trees with four branches each. Exploration

score was determined as the number of movements between

trees and branches of the same tree during 1 h. Trials were per-

formed twice at a 1-week interval and exploration scores individ-

ually averaged. Birds were sorted into four categories according

to their averaged exploration score: low-exploratory, medium-

exploratory, high-exploratory birds, and a fourth category of

individuals for which exploration scores were unknown. See

David et al. (2011a) for more details.

FORAGING TRIALS

Foraging trials were run 1 week after the last exploration trial.

Birds foraged in unisex feeding flocks of four individuals that

were unfamiliar to each other (n = 6 flocks) sorted on the basis of

their exploration score for the purpose of another study (one bird

of each exploration category in each flock) (David et al., 2011a).

The experimental aviaries (l × w × h: 1.5 × 3.8 × 2.3 m) held a

foraging grid (1.2 × 1.2 m) containing 64 wells (1.6 cm in diam-

eter and 1 cm deep) spaced at every 8.1 cm (see Figure 2 in David

et al., 2014), two perches and two water dispensers outside the

grid. The general procedure consisted of two identical, consecu-

tive 3-day experimental sessions. On the first day of each session,

each bird of a given flock was ringed with a unique combination

of blue and light blue leg rings to allow for individual identifica-

tion (David et al., 2011a). Then each of the six flocks was allowed

into an experimental aviary with all 64 wells of the foraging grid

filled with millet seeds. Over the next 2 days, birds were food-

deprived for 1 h before the first trial (David et al., 2011a, 2012b),

and performed one 12-min trial every hour for 5 h. Before each

trial, 10 randomly selected wells were filled with five white mil-

let seeds each and then birds were free to access the grid and

forage on it. Birds were not fed between trials. Trials were video-

recorded on the third day of each session only, to ensure that all

birds were familiar with the foraging grid and the experimental

conditions. Birds were then allowed to rest in groups of three in

home cages for 4 consecutive days before undergoing the same

3-day procedure but with different flock-mates (second session).

However, it was impossible to form three same-sex flocks in the

second session with a totally different composition from that in

the first session. Therefore, we introduced three new males and

three new females in the second session. Also, due to a lack of

available birds, two individuals were tested together in the same

flock in both sessions. More details can be found in David et al.

(2011a).

BEHAVIORAL OBSERVATIONS

Data were collected from the three trials of the third day of each

session, which is sufficient to provide a reliable estimate of food

searching behavior. For each trial we recorded birds’ arrival order

on the grid with the individual landing first being given the score

1 and last bird the score 4. For each bird we recorded the num-

ber of hops performed with the head pointed down and with

the head pointed up, thought to reflect the investment into pro-

ducer and scrounger tactic, respectively (more details provided in

David et al., 2014; see also Coolen et al., 2001; Wu and Giraldeau,

2005). We quantified both the investment into a given tactic (“tac-

tic investment”) and the actual number of seeds obtained through

this tactic (“tactic use”). The latter has been shown to be related

to the number of full wells discovered or scrounged (David et al.,

2011a). For each trial and each individual we derived the propor-

tion of hops with the head down from the number of hops with

the head down divided by the total number of hops with the head
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down and up. Then we calculated each individual’s variance in the

proportion of hops with the head down among trials of the same

session as an index of its consistency in tactic investment.

For each individual we recorded the number of seeds pro-

duced, i.e., found and ingested from a previously undiscovered

well, and the number of seeds scrounged, i.e., eaten from a well

where flock-mates were already feeding. The seeds ingested by a

given individual can easily be recorded as zebra finches perform

highly stereotypic bill movements when separating the seed from

the husk (Zann, 1996). In most cases, the husk can be seen falling

from the bill, indicating that a seed has been ingested. Using this

behavior we counted the number of seeds a bird ate from pro-

duced or scrounged wells. For each trial and each individual we

derived the proportion of seeds produced from the number of

seeds produced divided by the total number of seeds produced

and scrounged. Then we calculated each individual’s variance

in the proportion of seeds produced among trials of the same

session, as an index of its consistency in actual tactic use.

As first arrivals on the foraging grid are left with no other

options than producing, the possibility remains that a positive

relationship between variance in the proportion of seeds pro-

duced and arrival order may result from a higher reliance on

producer tactic use in the very first instants of a trial, before flock

mates land on the grid. To rule out this potential “early effect,” we

separately collected the same data once all individuals had landed

on the foraging grid. Thus, we computed the “adjusted propor-

tion of seeds produced,” corresponding to the proportion of seeds

produced estimated once all individuals have landed on the grid.

Then we derived for each individual the variance in the adjusted

proportion of seeds produced among trials.

STATISTICAL ANALYSES

All statistical analyses were carried out using the statistical free-

ware R-2.14.1 (R Development Core Team, 2012). We investigated

behavioral consistency at the population level by calculating

the repeatability (R) of each behavior within and between ses-

sions using the “rptR” package (Nakagawa and Schielzeth, 2010).

Between-session repeatability of “proportion of hops with the

head down” were computed using the between-individual covari-

ance of this behavior across sessions using additive overdisper-

sion Generalized Linear Mixed Models (GLMMs) with Markov

Chain Monte Carlo (MCMC) estimation (Dingemanse and

Dochtermann, 2013). These types of analyses provide a 95%

Credible Interval (CrI) for the repeatability estimate, which we

use to determine significance, but no p-value: if an estimate’s CrI

does not overlap zero we consider that repeatability estimate to be

significantly different from zero.

Our main research question was to determine whether arrival

order influenced within-individual consistency in tactic invest-

ment and tactic use. We tested the influence of arrival order on

individual variance in tactic investment, tactic use, and adjusted

tactic use separately for each behavior and each experimental ses-

sion using GLMMs with Gaussian error structure. The dependent

variable was log-transformed to reach normality. Arrival order,

exploration category, and the interaction between arrival order

and sex were included as predictors. As body condition has previ-

ously been shown to affect variance in tactic use in the same trials

(David and Giraldeau, 2012), we added the interaction between

body condition and arrival order as a predictor in the mod-

els. In all models we included “flock” as a random intercept to

control for the non-independence of individual behavior within

flocks. We provided Cohen’s d and their 95%Confidence Interval

(CI) as effect size (Nakagawa and Cuthill, 2007), and correlation

coefficients between continuous predictors and response vari-

ables but without 95%CI as they are not reliable when computed

from mixed models (Nakagawa, pers. commun.). Additionally we

tested whether the proportion of seeds obtained by producing was

influenced by the investment in either tactic by testing if the pro-

portion of hops with head down predicted the proportion of seeds

produced using a GLMM fitted with binomial error structure, and

individual ID nested within flock as a random intercept.

RESULTS

INDIVIDUAL VARIANCE IN TACTIC USE IS REPEATABLE

The proportion of hops with the head down was only slightly

repeatable (1st session: R = 0.05, 95% CrI [0.02;0.13]; 2nd ses-

sion: R = 0.08, 95% CrI [0.04;0.17]; between sessions: R = 0.23,

95% CrI [−0.08;0.62]). Individual variance in the proportion

of hops with head down was not repeatable between the two

sessions (R = −0.27, 95% CI [−0.74;0.20]) whereas individual

variance in the proportion of seeds produced was highly repeat-

able (R = 0.47, 95% CI [0.04;0.89]). The repeatability estimates

of both arrival order and proportion of seeds produced have been

reported in David et al. (2011a), where they were found to overall

be repeatable within, but not across, sessions.

HOPS WITH HEAD DOWN PREDICT SEEDS PRODUCED

The proportion of hops with the head down significantly influ-

enced the proportion of seeds produced (χ2
= 18.8, df = 1, p <

0.0001; Spearman’s rs = 0.23, Figure 1). Thus, the more a bird

hopped with the head down, the more it was likely to use the

FIGURE 1 | Influence of the proportion of hops with head down on the

proportion of seeds produced (regression line and 95%CI). Each

individual is represented twice by its averaged values in each session.
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producer tactic. Conversely, the more a bird hopped with the head

up, the more it was likely to scrounge seeds from the discoveries

of flock-mates.

INDIVIDUALS THAT ARRIVE FIRST ARE MORE CONSISTENT IN TACTIC

INVESTMENT AND TACTIC USE

Birds within a flock landed on the grid in a median time interval

of 7.50 s (interquartile range: 5–14.75 s, minimum: 3 s, maxi-

mum: 54 s.). This represents a median percentage of time of

7.39% of the total time needed for birds to discover all filled wells

(interquartile range: 4.69–9.66%, minimum: 2.52%, maximum:

19.08%) during which foragers were not all on the grid at the

same time (once they started foraging, birds rarely left the grid

before the trial ended).

An individual’s average arrival order on the foraging grid had

a positive influence on its variance in the proportion of hops

with the head down during the second experimental session [b ±

SE = 0.42 ± 0.20, Pearson’s r(22) = 0.39; Table 1, Figure 2C], but

not the first [b ± SE = −0.09 ± 0.21, r(22) = −0.09; Table 1,

Figure 2A]. That is, individuals that arrived first exhibited lower

variance in the proportion of hops with the head down across

trials, at least in the second session. Body condition had no influ-

ence on the variance in the proportion of hops with the head

down in either session (1st session: b ± SE = 8.19 ± 7.16, rs =

0.28; 2nd session: b ± SE = −1.45 ± 5.55, rs = −0.11; Table 1).

Exploration category did not predict variance in the proportion

of hops with the head down in either session (Table 1), nor was

there any significant interaction between sex and arrival order.

However, females showed, on average, higher variance in the pro-

portion of hops with the head down than males in the second

session [mean(females) = 0.026; mean(males) = 0.009; Cohen’s

d = 0.935; 95% CI [0.053;1.817]; Table 1], but not in the first

session [mean(females) = 0.024; mean(males) = 0.023; Cohen’s

d = 0.046; 95% CI [−0.811;0.903]; Table 1].

The variance in the proportion of seeds produced across tri-

als was positively predicted by individual average arrival order

during both first [b ± SE = 0.89 ± 0.41, r(19) = 0.44; Table 1,

Figure 2B] and second sessions [b ± SE = 0.84 ± 0.34, r(22) =

0.46; Table 1, Figure 2D]. Body condition positively affected

the variance in the proportion of seeds produced in both ses-

sions (1st session: b ± SE = 28.60 ± 12.59, rs = 0.37; 2nd ses-

sion: b ± SE = 19.79 ± 9.16, rs = 0.26; Table 1). Exploration

category had no influence on the variance in the propor-

tion of seeds produced in either session (Table 1), nor was

there any significant interaction between sex and arrival order

(Table 1). Males and females did not differ in their variance

in the proportion of seeds produced, either in the first ses-

sion [mean(females) = 0.040; mean(males) = 0.089; Cohen’s

d = −0.508; 95% CI [−0.326;1.378]; Table 1] or in the second

session [mean(females) = 0.049; mean(males) = 0.065; Cohen’s

d = −0.184; 95% CI [−0.655;1.023]; Table 1].

The variance in the adjusted proportion of seeds produced

was significantly affected by arrival order (1st session: b ± SE =

0.80 ± 0.38, rs = 0.47; 2nd session: b ± SE = 0.81 ± 0.30, rs =

0.30; Table 1) and body condition (1st session: b ± SE = 24.83 ±

12.59, rs = 0.35; 2nd session: b ± SE = 18.42 ± 8.96, rs = 0.28;

Table 1) only.

Table 1 | Results of the models testing the factors affecting variance

in tactic investment, tactic use, and adjusted tactic use, both in the

first and the second session.

Response variable 1st session 2nd session

Predictors χ2 df P χ2 df P

VARIANCE IN THE PROPORTION OF HOPS WITH HEAD DOWN

Sex 0.16 1 0.69 4.30 1 0.04

Arrival order 0.39 1 0.53 4.77 1 0.03

Body condition 1.39 1 0.24 0.09 1 0.77

Exploration category 3.55 3 0.31 1.38 3 0.71

Arrival order × Sex 0.44 1 0.51 3.45 1 0.06

Arrival order × Body

condition

0.77 1 0.38 0.04 1 0.84

Arrival order × Exploration

category

3.85 3 0.28 1.44 3 0.70

VARIANCE IN THE PROPORTION OF SEEDS PRODUCED

Sex 0.68 1 0.41 0.53 1 0.47

Arrival order 4.09 1 0.04 6.58 1 0.01

Body condition 5.29 1 0.02 4.63 1 0.03

Exploration category 4.23 3 0.24 4.36 3 0.23

Arrival order × Sex >0.01 1 0.99 0.29 1 0.59

Arrival order × Body

condition

>0.01 1 0.95 0.67 1 0.41

Arrival order × Exploration

category

0.23 3 0.97 5.99 3 0.11

VARIANCE IN THE ADJUSTED PROPORTION OF SEEDS PRODUCED

Sex >0.01 1 0.98 0.81 1 0.37

Arrival order 4.55 1 0.03 6.62 1 0.01

Body condition 4.11 1 0.04 4.22 1 0.04

Exploration category 2.73 3 0.43 4.08 3 0.25

Arrival order × Sex >0.01 1 0.92 0.29 1 0.65

Arrival order × Body

condition

>0.01 1 0.98 0.84 1 0.36

Arrival order × Exploration

category

1.93 3 0.59 6.62 3 0.08

Significant effects are highlighted in bold. The adjusted proportion of seeds pro-

duced has been computed from data collected after all individuals had landed on

the grid.

Thus, birds arriving first on the foraging grid were more con-

sistent in their investment in the producer tactic, at least in the

second session, and more consistent in its successful use in both

sessions. The same results held when using data collected after all

birds had landed on the grid. Birds in higher body condition were

also less consistent in their producer tactic use, but not in their

investment into producing.

DISCUSSION

Within-individual consistency in tactic use (i.e., variances com-

puted within sessions) was found to be repeatable across two

separate foraging sessions. We also found that an individual’s

consistency in tactic investment and tactic use was predicted

by its arrival order on the foraging grid, when the influence of

exploration behavior and body condition was controlled for. Our

results provide the first evidence that arrival order can impact

Frontiers in Ecology and Evolution | Behavioral and Evolutionary Ecology May 2014 | Volume 2 | Article 19 | 4

http://www.frontiersin.org/Behavioral_and_Evolutionary_Ecology
http://www.frontiersin.org/Behavioral_and_Evolutionary_Ecology
http://www.frontiersin.org/Behavioral_and_Evolutionary_Ecology/archive


David et al. The emergence of behavioral consistency

FIGURE 2 | Influence of arrival order on the variance in proportion of

hops with the head down (log-transformed) in first (A) and second

session (C), and on the variance in proportion of seeds produced

(log-transformed) in first (B) and second session (D). Thick line is the

regression line surrounded by its 95%CI. Arrival order was averaged across

trials of a given session.

within-individual behavioral consistency, providing a potential

mechanism for the emergence of consistent among-individual

behavioral differences. Below we discuss each of our findings

and their limitations and emphasize their implications for our

understanding of the evolution of within-population variation.

THE CONSISTENCY OF FORAGING BEHAVIOR

Individual variance in the proportion of seeds produced was

repeatable between sessions, indicating that birds differed in tac-

tic use consistency, i.e., intra-individual variability (David et al.,

2012a; Stamps et al., 2012; Briffa et al., 2013). However, individ-

ual investment in the producer tactic based on hopping behavior

(Coolen et al., 2001; Wu and Giraldeau, 2005; David et al., 2014)

was only slightly repeatable. Our finding that the proportion of

hops with head down predicts the proportion of seeds produced

extends earlier results obtained with nutmeg mannikins Lonchura

punctulata, increasing confidence that a ground feeding bird’s

proportion of hops with the head down, or investment into pro-

ducing, reliably reflects actual and successful tactic use (Coolen

et al., 2001; Wu and Giraldeau, 2005).

We found that females and males did not differ in their consis-

tency, except in the second session where females displayed higher

variance in their proportion of hops with head down. This latter

result is consistent with the hypothesis that behavioral consis-

tency can differ between sexes (Schuett and Dall, 2009; Jenkins,

2011; Hedrick and Kortet, 2012) and perhaps in itself be sexually

selected (Schuett et al., 2010). Overall yet, our findings offer only

limited support for this hypothesis.

SEQUENTIAL ACCESS TO RESOURCES AND BEHAVIORAL

CONSISTENCY

Birds arriving first on the foraging grid were more consistent in

the number of seeds produced during both sessions and during

the second session they invested more consistently in the producer

tactic. Overall, these findings support Dubois et al.’s predictions

that in a frequency-dependent situation arrival order may pro-

mote persistent differences in behavioral consistency (Dubois

et al., 2012), under the assumption that arrival order is consis-

tent (David et al., 2011a). First arrivals have no other choice than

producing when entering a new foraging area, and they then may

be expected to play producer more consistently over the forag-

ing bout. However, we have shown that the effect still holds when

using data collected after all birds had landed on the grid (cf. the

adjusted proportion of seeds produced). This indicates that the

link between arrival order and the consistency in producer tactic

use cannot only be accounted for a higher reliance on produc-

ing early in the trial. Supporting another prediction of Dubois

et al.s’ model (2012), birds arriving first on the grid were found to

produce more than late-arriving birds in another study using the

same foraging trials (David et al., 2011a). So far we are unable

to determine whether a higher consistency in producing is the

cause or the mere consequence of a stronger use of the producer
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tactic by early arrivals (David et al., 2011a). Indeed, under the null

assumption, individuals using the producer tactic in extremely

low or high proportions are, from a strict statistical viewpoint,

expected to display less variation, and thus be more consistent, in

their foraging tactic use. For the same reason, low variances may

have resulted from weak foraging activity. However, variances in

the proportion of hops with the head down or of seeds produced

were not related to the total number of hops performed on the

grid (results not shown).

An obvious area for future research is to investigate the mech-

anisms that allow differences in consistency in tactic investment

and tactic use to persist. In Dubois et al.s’ model (2012), for-

agers land on the patch sequentially after the previous one

went through only one foraging decision (either producing or

scrounging). This means that even early arrivals quickly have the

opportunity to scrounge from conspecifics’ discoveries, leaving

the question of why early arrivals keep producing in a consis-

tent way open. One could have expected first-arriving individuals

to produce in a consistent way until sufficient flock-mates are

present to provide opportunities to scrounge. However, foragers

followed one another on the grid within a few seconds most of the

time (see Results), and the effect of arrival order on variance in the

proportion of seeds produced was still significant when using data

collected after all birds had landed on the grid. It thus appears that

first arrivals did not take advantage of scrounging opportunities

but kept relying on producing even after flock mates have joined.

The reasons why first arrivals do not increase their scrounging

behavior over the foraging bout remain to be explored. It may

be that early arrival and producing behavior are both related to a

third variable which diminishes first arrivals’ likelihood to flexibly

switch between tactics. Also, birds in poor body condition pro-

duced more consistently and thus were less flexible in the use of

producer and scrounger tactic, suggesting that perhaps the energy

costs of flexibility may have promoted differences in behavioral

consistency, along with a sequential access to the foraging grid.

Overall, further studies should explore whether and why indi-

viduals remain consistent in their foraging tactic use over long

periods after their arrival at the feeding patch (van Overveld and

Matthysen, 2013).

SOCIAL INFORMATION USE AND PERSONALITY TRAITS

Our findings may provide the missing functional link between

the joint study of personality traits and social information use

(Nomakuchi et al., 2009; David et al., 2011a; Dubois et al., 2012).

Dubois et al. (2012) propose that the sequential use of any type

of resources may link personality traits with social information

use (i.e., here scrounger tactic use), with first-arriving individ-

uals potentially being bolder and hence more likely to produce

(Dubois et al., 2012). In support of this argument, an earlier

study has linked arrival order on a foraging area with personal-

ity traits such as risk-taking or exploration (David et al., 2011b).

This was not found in the current study as arrival order was

unrelated to exploration behavior (David et al., 2011a) but a

recent study demonstrated that a zebra finch’s latency to engage

in a foraging activity was linked to the proactive/reactive contin-

uum (David et al., 2012b). Our results suggest that it would be

worth exploring further the extent to which sequential decisions

in frequency-dependent situations can promote individual dif-

ferences in behavioral consistency in other animal systems and

explain interindividual variation in the tendency to use social

information.

CONCLUSION

Overall, our findings provide evidence that sequential access to

resources and body condition may promote persistent differ-

ences in behavioral consistency in a frequency-dependent for-

aging game. Our results can have important implications for an

understanding of the emergence of behavioral consistency in ani-

mal populations. They also highlight a possible functional link

between social information use and personality traits, and in this

regard contribute to establishing predictions that could be tested

in further studies.
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