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Animals foraging in groups commonly respond to the presence of others by increasing their foraging rate,
an increase that could come at the expense of prey detection accuracy. Yet the existence and conse-
quences of such so-called ‘speedeaccuracy trade-offs’ in group-foraging animals remain unexplored. We
used group-feeding zebra finches, Taeniopygia guttata, to determine how search speed affects food
detection accuracy and how a potential speedeaccuracy trade-off influences feeding success. We found
significant between-individual differences in hopping speed as well as evidence that faster individuals
were more likely to overlook food, demonstrating the existence of a trade-off between speed and food
detection probability. We also found that feeding success was positively predicted by an individual’s food
detection probability, whereas it was unrelated to hopping speed. These findings have several implica-
tions. First, they indicate that social animals, like solitary foragers, may be affected by perhaps universal
constraints when foraging, such as limited attention. These constraints may contribute to promote
between-individual variation in foraging tactics within social groups. Second, the existence of a speed
eaccuracy trade-off suggests that between-individual behavioural differences are more likely to come
from differential allocation between speed and accuracy than from differences in general intrinsic
abilities to exploit food resources. Finally, scramble competition’s outcomes are likely to be determined
by a combination of foraging abilities that individuals must trade off against one another, calling for an
integrative approach of how natural selection shapes interactive behavioural dimensions during
foraging.
� 2014 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Foraging theory assumes that resource exploitation behaviours
have been moulded by natural selection to achieve maximum
fitness gains (Giraldeau & Caraco, 2000; Stephens & Krebs, 1986).
Resource exploitation decisions, such as patch residence time, prey
choice or use of alternative foraging tactics, have been demon-
strated in many cases to maximize the net rate of food intake
(Giraldeau & Caraco, 2000; Stephens & Krebs, 1986). In a social
context for example, increasing the speed of food searching, or food
prospection, is thus thought to provide higher payoffs in a scramble
competition (Shaw, Tregenza, Parker, & Harvey, 1995).
id, University of Antwerp,
us, Universiteitsplein 1, 2610

nimal Behaviour. Published by Els
Evidence suggests, however, that individual behaviour can
sometimes appear maladaptive or suboptimal often as a result of
some cognitive constraints, and this may affect resource exploita-
tion (Fawcett, Hamblin, & Giraldeau, 2013; Houston, McNamara, &
Steer, 2007; Kacelnik, 2006). One major cognitive constraint on
resource exploitation concerns an animal’s limited ability to devote
attention to various sources of cues (Abbott & Sherratt, 2013;
Dukas, 2002; Dukas & Kamil, 2001; Wang, Ings, Proulx, & Chittka,
2013). For instance, theoretical and experimental evidence sug-
gests that limited attention can constrain search ability leaving
foragers with two options: reduce search speed to attend to awider
range of potential targets and improve prey detection accuracy, or
increase search speed but reduce attention to a few specific features
of prey items (Gendron & Staddon, 1983; Reid & Shettleworth,
1992). Limited attention is therefore thought to result in a
speedeaccuracy trade-off, where the individual’s probability of
evier Ltd. All rights reserved.
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detecting food or choosing profitable patches is negatively related
to its search speed (Abbott & Sherratt, 2013; Chittka, Dyer, Bock, &
Dornhaus, 2003; Chittka, Skorupski, & Raine, 2009; Janson &
DiBitetti, 1997).

Such a speedeaccuracy trade-off could have important conse-
quences in group-foraging animals for several reasons: first, theo-
retical and experimental evidence shows that search speed, taken
in isolation, is a good predictor of competition outcomes, with
faster individuals usually showing a higher feeding success (Shaw
et al., 1995). When foraging in the company of others, individuals
may, however, be subject to conflicting demands, such as the need
to increase feeding rate in response to competitors or reduce search
rate to detect cryptic prey (Courant & Giraldeau, 2008). The extent
to which these two options coexist within foraging groups remains
unknown. Second, the study of speedeaccuracy trade-offs has up to
now focused on animals foraging alone (Chittka et al., 2003, 2009;
Gendron, 1986; but see Janson & DiBitetti, 1997) and it remains
unknown whether speedeaccuracy trade-offs may also affect
group-foraging animals and promote between-individual variation
in foraging tactics (i.e. variation in search speed). Third, it remains
possible that speedeaccuracy trade-offs exist at the individual level
(i.e. negative within-individual correlation between speed and ac-
curacy, Fig. 1a, b; Chittka et al., 2003; Gendron & Staddon, 1983;
Reid & Shettleworth, 1992) but not at the group level (i.e.
between-individual correlation between speed and accuracy) if
competitors do not differ in their foraging tactics but rather in their
general intrinsic abilities to exploit food resources (a positive
relationship between speed and accuracy may be expected in this
case, Fig. 1b; see Van Noordwijk & De Jong, 1986). Testing for a
between-individual relationship between search speed and prey
detection accuracy in a scramble competition context is thus
particularly relevant for predicting the emergence and coexistence
of successful foraging abilities and tactics within populations.

In the present study we investigated the existence of a potential
speedeaccuracy trade-off at the group level (i.e. where the accu-
racy of various birds differing in search speed is examined) and its
consequences for feeding success in a scramble competition
context using flocks of group-feeding zebra finches, Taeniopygia
guttata. Flocks of four birds were allowed to forage from dispersed
patches of seeds on a foraging grid for several consecutive trials
during two consecutive experimental sessions, between which the
group composition changed. First, we looked for the existence of
between-individual differences in foraging behaviour and then
asked whether an individual’s hopping speed affected its accuracy
as estimated by the probability of detecting a patch of seeds. If
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Figure 1. Hypothetical relationships between prey detection accuracy and search speed. A
tively, points and lines crossing these points. Dashed lines represent the general between-i
and search speed at the group level. (b) Prey detection accuracy and search speed are po
abilities to exploit food resources (Van Noordwijk & De Jong, 1986). We assumed that prey d
in both cases.
zebra finches exhibit a speedeaccuracy trade-off at the group level,
then we expected that the faster birds would be less efficient at
locating seed clumps than slower birds. Ground-feeding birds
competing for dispersed food typically adopt two alternative tac-
tics, producing and scrounging, that involve different means of
searching for food (Barnard & Sibly, 1981). To control for any con-
founding effect of the use of both producer and scrounger foraging
tactics on the probability of detecting seed patches, the investment
in each tactic was quantified using the number of hops with head
up or down (Coolen, Giraldeau, & Lavoie, 2001; Wu & Giraldeau,
2005). We expected individuals using the scrounger tactic more,
thus hopping more with the head up, to overlook more seed-
containing wells. Finally, we investigated the relationship be-
tween accuracy, hopping speed and feeding success, estimated as
the total seeds eaten, to evaluate the benefits associated with
varying foraging behaviours in a social context.

METHODS

Study Subjects

We purchased 15 male and 15 female zebra finches from a local
supplier (L’oisellerie de l’Estrie, Québec, Canada). The zebra finch is
a small monogamous Australasian ground-feeding bird which is
highly gregarious outside reproduction periods (Zann, 1996). It
generally forages in flocks, is easy to breed and to maintain in
captivity and is commonly used in foraging studies (Beauchamp,
2006; David & Giraldeau, 2012; Giraldeau, Hogan, & Clinchy, 1990).

Outside experimental periods, birds were kept in unisex groups
of two to three individuals in home cages (52 � 29 cm and 38 cm
high) containing two feeders, two white water dispensers and four
perches, in rooms with lights reflecting the natural spectrum.
Groups were monitored and cared for every day. Zebra finches are
docile birds and no signs of overt aggression, dominance or distress
were observed throughout the experiments. Millet seeds, water
and cuttlebones were provided ad libitum while vegetables and
hardboiled egg mixture were occasionally offered. Room temper-
ature was maintained at 24 � 1 �C on a 12:12 h light:dark cycle
(0800e2000 hours Eastern Daylight Savings Time [EDST]). Each
individual wore an orange numbered plastic leg ring (AC Hughes,
Hampton Hill, U.K., size XF) allowing individual identification. After
the experiments, birds were returned to their home cage in groups
of two to three individuals to be used for subsequent experiments.
Fishing nets were used to catch and transport individuals from
rooms. All procedures complied with guidelines from the Canadian
(b)
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Council for Animal Care and were approved under protocol 0210-
676-0211 of the UQAM committee for animal care.

Foraging Trials

We measured each individual’s foraging behaviours in two
experimental sessions: a different unisex flock of either four males
or four females was used in each session. Each experimental ses-
sionwas conducted over 3 consecutive days. We used unisex flocks
to avoid any interference from sexual activities during foraging
trials. For the purpose of another study (David, Cézilly, & Giraldeau,
2011), the birds had been sorted within groups according to their
exploration tendencies, with each flock composed of a high-, a
medium- and a low-exploratory bird, plus a fourth one whose
exploration behaviour was unknown. However, exploration ten-
dencies had no effect on hopping speed (c2

1 ¼ 1:10, P ¼ 0.29;
Spearman rs ¼ 0.01) or on prey detection probability (c2

1 ¼ 1:32,
P ¼ 0.25; Spearman rs ¼ �0.02). We did not place birds from the
same home cage in the same foraging flock to avoid any effect of
familiarity. Birds were given 1 week to rest after the first experi-
mental session, after which they were assorted into a different
same-sex foraging flock, again using birds that had not been
together before. 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, sowe introduced three newmales and
three new females in the second session. Nevertheless, owing to a
lack of available birds, two individuals were tested together in the
same flock in both sessions. Also, we omitted the data from one
individual on one trial because when on the foraging grid, it spent
its time chasing flockmates without much foraging activity. Simi-
larly, we omitted data from another individual that only spent a few
seconds on the foraging grid during the whole experiment without
eating a single seed. Therefore our final sample size was 28
different individuals.

The 3 days within each experimental session were used to
familiarize the individuals with the foraging grid (day 1), train in-
dividuals (day 2) and finally test individual foraging behaviour (day
3). On the first day of each session, each bird was banded with a
unique combination of blue and light blue leg rings for identifica-
tion from the video footage. Thus, in addition to their orange
identification ring, the four birds in each flock wore one of the
following colour combinations: light blueelight blue, light bluee
blue, blueelight blue and blueeblue. Blue and light blue have no
effect on agonistic between-individual interactions or foraging
behaviour (David, Auclair, & Cézilly, 2011). Birds were then placed
with their flockmates in a large indoor aviary (3.8 � 1.5 m and
2.3 m high) containing two tables which together supported a light
grey foraging grid with 64 unpainted wells (1.6 cm in diameter and
1 cm deep) spaced every 8.1 cm, two perches and two water dis-
pensers. The aviaries were kept on the same light cycle and tem-
perature as the holding room. In order for the birds to familiarize
themselves with the aviary and the foraging grid, each well was
filled with millet seeds on the first day.

The second day of each session corresponded to a training phase
using the same conditions as the test phase so that birds could
become familiar with the experimental conditions. The grid and the
aviary floor were cleaned and birds were deprived of food for 1 h.
After that, each flock was provided with 50 white millet seeds
distributed in 10 randomly selected wells with five seeds per well.
This procedure was repeated every hour for seven consecutive
trials. Water remained accessible ad libitum throughout the day.
After the final trial, birds had ad libitum access to seeds dispersed
on the foraging grid until the next morning.

The third day of each session corresponded to the test phase
which was similar to the training phase except that only five trials
were conducted and each was videotaped for further analyses.
Following the fifth and final trial, the birds were returned to their
home cages and provided with ad libitum access to seed and water.

Video Analyses

Data were collected from the first three trials of the third day of
each session, which is sufficient to provide a reliable estimate of
food-searching behaviour, and minimizes the risk of quantifying
behaviour when birds are satiated or nearly so. During video ana-
lyses we recorded for each bird the number of hops it performed on
the foraging grid. Based on an imaginary line extending from a
bird’s eyes and passing through its nares we noted whether it was
hopping with this line pointing above the horizontal (hereafter
referred to as ‘hops with the head up’), and the number of hops
performed with the line pointing below the horizontal (hereafter
referred to as ‘hops with the head down’; Coolen et al., 2001; Wu &
Giraldeau, 2005). It has previously been demonstrated in zebra
finches and in a closely related estrildid species, the nutmeg
mannikin, Lonchura punctulata, that the proportion of hops with
the head up indicates a bird’s investment in the scrounger tactic
(Wu & Giraldeau, 2005) while hops with the head down indicate
the investment in the producer or food-searching tactic (Coolen
et al., 2001). For each bird we measured the total time it foraged
on the grid, the number of seed-containing wells that it discovered
(i.e. produced), and the number of seed-containing wells that it
joined after they had been discovered and were being exploited by
flockmates (i.e. scrounged). The seeds ingested by a given individ-
ual can easily be recorded as zebra finches perform highly stereo-
typic 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 eaten. Using this behaviour we
counted the seeds a bird ate from produced and scrounged wells.
We computed the total number of seeds eaten as the sum of the
number of seeds produced and scrounged for each bird in each trial.
For all trials we stopped the analysis when the last undiscovered
well had been found and all its seeds had been consumed. Search
speed was computed as the number of hops performed on the
foraging grid divided by time spent on it (hereafter called ‘hopping
speed’). Here we make the assumption that the distance covered
through a single hop does not differ between individuals.

To assess the probability of detecting prey we counted the seed-
containing wells that were overlooked by a bird as it hopped on the
grid. To do so we divided the foraging grid into 49 virtual squares
each corner of which corresponded to awell position (Fig. 2) so that
each square encompassed four wells. A seed-containing well was
considered to have been overlooked when a bird moved out of a
square that encompassed it. However, if a bird passed through two
squares that shared a seed-containing well, this well was only
deemed overlooked when the forager left the second square
without having discovered the shared seed-containing well (Fig. 2).
The probability of detection was thus computed for each bird in
each trial as the number of seed-containing wells discovered,
divided by the sum of seed-containing wells discovered and seed-
containing wells overlooked. We did not incorporate a measure of
incorrect detections in this computation as in no instances did birds
attempt to feed from an empty well.

Data Analyses

All statistical analyses were carried out using the statistical
freeware R-2.14.1 (R Development Core Team, 2012). Since we had
repeated measurements on each individual’s behaviour within two
different experimental sessions, we investigated behavioural con-
sistency both within and between sessions by calculating the



Figure 2. Schematic representation of the foraging grid. Adjacent squares share two
wells. If seeds are present in one of the two wells shared by A and B and if the bird
hops consecutively through A and B, then it will be considered to have overlooked
them only when entering square C (see Methods for more details). If the bird passes
through square B only, it will be deemed to have overlooked the seed-containing well
when entering C.
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repeatability of each behaviour using the ‘rptR’ package (Nakagawa
& Schielzeth, 2010). Hopping speed consistency was computed
using anova-based repeatability for Gaussian data. The consis-
tencies of both the number of hops and the number of seeds eaten
were computed using link scale repeatability for count data, except
for consistency of the number of seeds eaten in the second session
with the overdispersion parameter falling below 1. Since under-
dispersion may lead to erroneous estimation of the 95% confidence
interval (CI) and because data were normally distributed for this
model (Shapiro test: P > 0.05), we ran an anova-based analysis.
Here we report the estimates (repeatability coefficient (R) and 95%
credible interval, CrI) of multiplicative overdispersion generalized
linear mixed models (GLMM). The consistencies of proportion of
hops with head up and probability of detection were computed
using link scale repeatability for proportion data. For these vari-
ables we report the estimates (R and 95%CrI) of additive over-
dispersion GLMM-basedmodels; note that these Bayesian methods
do not provide any P value but only a 95%CrI (Nakagawa & Cuthill,
2007; Nakagawa & Schielzeth, 2010). Across-session behaviour
repeatabilities were estimated using the between-individual
covariance of a given behaviour across sessions using additive
overdispersion GLMMs with Markov chain Monte Carlo estimation
(Dingemanse & Dochtermann, 2013).

To test the effects of hopping speed and proportion of hops with
the head up on the probability of detecting seed-containing wells,
we ran GLMMs and linear mixed models (LMM) using the lme4
package in R (Pinheiro & Bates, 2000) fitted with ‘individual iden-
tity’ nested within ‘flock’ as a random intercept factor. This proce-
dure allowed us to take into account within- and between-session
repeated measures for the same individual. All GLMMs were also
fitted with a random slope for all covariates in the model as rec-
ommended by Schielzeth & Forstmeier (2009). The minimum
adequate model was obtained by backward stepwise term deletion
of nonsignificant variables (P < 0.05; Crawley, 2002; Zuur, Ieno,
Walker, Saveliev, & Smith, 2009). We investigated the probability
of seed-containing well detection according to both hopping speed
and the proportion of movements with the head up through a
GLMM with a binomial error structure and logit link function. The
model included the detection probability as the response variable,
and hopping speed, the proportion of hops with head up and their
interaction as covariates. However, more accurate birds may be
expected to find and eat more seeds, then spend less time hopping,
and appear to search for food at a lower speed. This situation may
generate a spurious negative relationship between hopping speed
and detection probability. To investigate this possibility we ran the
same model as above where the fixed factor ‘hopping speed’ was
replaced with a modified ‘adjusted hopping speed’ variable.
Adjusted hopping speed was computed as the number of hops
performed on the foraging grid divided by time spent on it from
which 1 s per seed ingested by the focal bird was subtracted. This
allowed us to control arbitrarily for the time periods when birds
were not actually hopping on the grid in the computation of hop-
ping speed.

The influence of proportion of hops with the head up on hop-
ping speed was independently investigated through an LMM. The
model included hopping speed as the response variable and the
proportion of hops with head up as a covariate.

We investigated the number of seeds eaten (produced and
scrounged) according to hopping speed and the proportion of hops
with the head up, and according to the detection probability, in two
separate models to avoid collinearity between predictors (Zuur,
Ieno, & Elphick, 2010). In all analyses we provide Spearman corre-
lation coefficients or Spearman partial correlation coefficients as
estimates of effect size (Cassey, Ewen, Blackburn, & Møller, 2004;
Nakagawa & Cuthill, 2007; Zar, 2010).

RESULTS

Individuals Consistent Within but Not Across Sessions

The median number of hops per trial and per individual was 59
(range 11e266; interquartile range 38.5e85.3), and the median
proportion of hops with the head up was 0.42 (range 0.04e0.77;
interquartile range 0.27e0.54). The median number of seeds eaten
per individual and per trial was 11 (range 0e31; interquartile range
7.8e14.0). The median number of seed-containing wells discovered
per individual and per trial was 3 (range 0e9; interquartile range
2e5), while the median number of seed-containing wells over-
looked was 1 (range 0e6; interquartile range 0e2) per trial and per
individual. Overall, the recorded variables were found to be
repeatable within the same session (i.e. in the same foraging flock).
Repeatability estimates are summarized in Table 1. Between ses-
sions (i.e. across different foraging flocks), repeatability estimates
were found to be nonsignificant (note that the 95% credible in-
tervals for all of the between-session estimates overlap zero).

Evidence for a SpeedeAccuracy Trade-off

The probability of detection was negatively influenced by both
hopping speed (c2

1 ¼ 10:03, P ¼ 0.002, partial rs ¼ �0.40; Fig. 3a)
and the proportion of hops with the head up (c2

1 ¼ 9:88, P ¼ 0.002,
partial rs ¼ �0.29; Fig. 3b), but not by their interaction (c2

1 ¼ 0:10,
P ¼ 0.75). These effects still held when ‘adjusted hopping speed’
(see Methods) was used as a fixed factor (adjusted hopping speed:
c2
1 ¼ 5:98, P ¼ 0.014, partial rs ¼ �0.34; proportion of hops with

the head up: c2
1 ¼ 11:11, P < 0.001, partial rs ¼ �0.28). The influ-

ence of hopping speed and proportion of hops with the head up did
not vary across the two experimental sessions (interaction ses-
sion*hopping speed: c2

1 ¼ 1:07, P ¼ 0.30; interaction session*pro-
portion of hops with the head up: c2

1 ¼ 0:01, P ¼ 0.92). The
proportion of hops with the head up had no influence on hopping
speed (c2

1 ¼ 0:59, P ¼ 0.44, Spearman rs ¼ 0.07). Thus, the faster
the birds searched for seed-containing wells on the foraging grid,
the more they were likely to overlook them. Similarly, the more
they hopped with the head up, the more they were likely to over-
look seed-containing wells.



Table 1
Repeatability estimates (R) of the recorded variables both within and between sessions

Behaviour First session Second session Between sessions

R 95%CI or CrI P R 95%CI or CrI P R 95%CrI

Number of hops 0.31 [0.03, 0.58] 0.02 0.33 [0.04, 0.57] <0.01 0.09 [�0.40, 0.46]
Proportion of hops

with head up
0.09 [0.03, 0.15] d 0.10 [0.06, 0.21] d 0.23 [�0.20, 0.66]

Number of seeds
ingested

0.50 [0.19, 0.71] 0.001 0.57 [0.34, 0.80] <0.0001 0.22 [�0.21, 0.62]

Hopping speed 0.27 [�0.03, 0.56] 0.02 0.37 [0.09, 0.64] <0.01 0.04 [�0.35, 0.42]
Probability of

detection
0.18 [0.07, 0.40] d 0.08 [0.03, 0.33] d 0.54 [�0.33, 0.85]

95%CI or CrI: 95% confidence intervals (CI) or credible intervals (CrI) are shown. Confidence intervals are given for the first and second sessions where P values are also
provided, and credible intervals for the between-sessions column, and in the first and second sessions where no P value is provided. Estimates obtained from proportion data
and between-session data are computed using Bayesian methods that do not provide a P value (see Methods).

M. David et al. / Animal Behaviour 90 (2014) 255e262 259
Determinants of Feeding Success

Feeding success, taken as the number of seeds eaten per trial,
was affected by the probability of detection (c2

1 ¼ 6:60, P ¼ 0.010,
Spearman rs ¼ 0.27; Fig. 4a). It was not, however, affected by hop-
ping speed (c2

1 ¼ 0:44, P ¼ 0.51, Spearman rs ¼ �0.10; Fig. 4b) or
the proportion of hops with the head up (c2

1 ¼ 0:78, P ¼ 0.38,
Spearman rs ¼ �0.24; Fig. 4c). Thus, birds with a higher probability
of detecting seed-containing wells atemore seeds, whereas feeding
success was unrelated to hopping speed.
DISCUSSION

Our study provides evidence for the existence of a speedeac-
curacy trade-off at the group level in a scramble competition
context in zebra finches. Althoughmost of the previous studies that
found a speedeaccuracy trade-off were performed with animals
foraging alone (Chittka et al., 2009; but see Janson & DiBitetti,
1997), our findings indicate that social animals may be affected
by similar, and perhaps universal, constraints when foraging. In
addition, a negative between-individual relationship between
hopping speed and detection accuracy suggests that between-
individual behavioural differences are more likely to come from
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Behavioural Repeatability

Our within-subject design enabled us to assess within- and
between-flock consistency of hopping speed and food detection
probability. Hopping speed was found to be repeatable within
sessions, indicating that birds displayed significant between-
individual differences in their food-searching behaviour.
Computed repeatability estimates are lower but comparable to the
estimate computed in Bell et al.’s meta-analysis under the ‘foraging’
heading (Rw 0.45) (Bell, Hankinson, & Laskowski, 2009). However,
it is noteworthy that hopping speed was not repeatable across the
two experimental sessions (i.e. in flocks differing in their social
composition). The distinction between within- and between-flock
consistency is reminiscent of previous findings in zebra finches,
that changes in the social composition of the foraging flock may
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impair behavioural consistency (David, Cézilly, et al., 2011). How-
ever, note that within-session trials were performed during a single
day whereas between-session trials were conducted at a 1-week
interval. These different time lags may explain why within-session
repeatabilities were found to be significant whereas between-
session ones were not (Bell et al., 2009).

We found that detection probability was significantly but
weakly repeatable within sessions. This finding is not very sur-
prising as only 16% of the wells (10 out of 64) of the foraging grid
were filled with seeds. Thus, small absolute differences in the
number of overlooked wells may have translated into important
relative differences between trials with large effects on the
computed detection probability. We think that it would be
misleading to conclude here that individuals show important dif-
ferences in their ability to detect clumps of seeds that are hard to
find, although similar findings have been reported elsewhere in the
same species (Beauchamp, 2006).

SpeedeAccuracy Trade-off and the Evolution of Foraging Skills

The probability of detecting seed-containing wells was found to
be negatively related to both hopping speed and proportion of hops
with the head up. We suggest that birds that mostly use the
scrounger tactic have a lower probability of detection as they are
not actively searching for food but for conspecifics that have just
discovered patches. Moreover, we are confident that the effect of
hopping speed on detection probability is not confounded by
scrounging behaviour as the interaction between detection prob-
ability and proportion of hops with the head up was not significant
in our model, and hopping speed was not correlated with the
proportion of hops with the head up. In addition, the significant
influence of adjusted hopping speed (i.e. hopping speed controlled
for time periods when birds were feeding, thus not moving) rules
out the possibility that more accurate birds artificially appear as
slower at searching for food (see Methods). The existence of a
trade-off suggests that the payoffs associated with increasing
search speed in a scramble competition (Beauchamp, 2006; Shaw
et al., 1995) may be reduced by a lower probability of detecting
clumps of seeds. A likely mechanism underlying the relationship
between search speed and detection accuracy may be limited
attention (Abbott & Sherratt, 2013; Chittka et al., 2009; Dukas,
2002; Gendron & Staddon, 1983) but further research would be
required to determine its exact cause. The existence of this trade-off
suggests that the optimal exploitation of feeding resources is not
likely to rely on a single behavioural dimension that competitors
may try to maximize but rather involves a compromise among
several abilities that individuals must trade off. However, the extent
to which this reduction in detection accuracy through increasing
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search speed arises in the presence of competitors versus when
foraging alone deserves further investigation.

SpeedeAccuracy Trade-off and Feeding Success

We found that hopping speed taken alone was not a significant
predictor of feeding success. The present result differs from previ-
ous findings in bumblebees, Bombus terrestris, which showed that
fast-searching individuals enjoyed a higher nectar collection rate
than slower individuals (Burns, 2005) and that the accuracy of
choices among flowers was not related to nectar collection rate.
However, the probability of detecting seed-containing wells posi-
tively predicted feeding success in the present study. Thus, we
could expect competitors to decrease their hopping speed across
trials, or at least to maximize, at any given hopping speed, their
ability to detect patches of food. However, hopping speed did not
predict feeding success so that fast foragers were rewarded with
similar payoffs as slower foragers. The trade-off between search
speed and detection accuracy is thus likely to be partly shaped by
natural selection, where the maximization of detection accuracy is
constrained by, supposedly, limited attention, and where sampling
fast and superficially and sampling slow and thoroughly represent
two extremes of a continuum of successful foraging tactics (Chittka
et al., 2009). It follows that search speed alone is not the only
relevant skill for successfully exploiting resources in a scramble
competition context (Shaw et al., 1995). Instead, search accuracy is
as important in determining subsequent individual feeding success
(Courant & Giraldeau, 2008).

The trade-off between hopping speed and probability of detec-
tion may contribute to explaining why between-individual differ-
ences in search speed are maintained. Indeed, whereas low hopping
speed is associated with a higher probability of detecting prey, high
hopping speed could increase the encounter rate with profitable
patches. Further experiments in which food spatial distribution
varies between trials may help to investigate this possibility.
Between-individual differences in hopping speed may also be
maintained because it pays to search for food superficially when
others search thoroughly (for instance when food is highly
dispersed), and vice versa. The extent to which variation in search
speed can thereby bemaintainedby frequency-dependent processes
within foraging flocks deserves further investigation. The selection
pressures acting on search speed and accuracy are also likely to vary
depending on environmental stochasticity, clumpiness of resources,
patches’profitabilityand soon (Gendron&Staddon,1983). Assessing
the relationships betweenpayoffs, variation in search speedandprey
detection accuracy is crucial to identify the selection pressures
shaping the ability of social animals to exploit food resources.
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