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Abstract In this study we examined how social learning
of feeding preferences by zebra finches was affected by
the identity of different demonstrators. We presented adult
zebra finches with two demonstrators, one male and one
female, that exhibited different food choices, and we
recorded their subsequent preference when given a choice
between the two food types. Previously it was found that
young zebra finches’ patterns of social learning are af-
fected by the sex of the individual demonstrating a feed-
ing behaviour. This result could be explained by the lack
of exposure these animals had to the opposite sex, or by
their mating status. Therefore, we investigated the social
learning preferences of adult mated zebra finches. We found
the same pattern of directed social learning of a different
type of feeding behaviour (food colour): female zebra
finches preferred the colour of food eaten by male demon-
strators, whereas male zebra finches showed little evi-
dence of any preference for the colour of food eaten by fe-
male demonstrators. Furthermore, we found that female
observers’ preferences were biased by demonstrators’ rel-
ative feeding activity: the female demonstrator was only
ever preferred if it ate less than its male counterpart.

Keywords Social learning - Social transmission -
Zebra finches

M. Katz - R. F. Lachlan (=)

Institute of Evolutionary and Ecological Science,
University of Leiden,

Kaiserstraat 63, 2311GP Leiden, The Netherlands

Present address:

R. F. Lachlan

Department of Biology,

University of North Carolina at Chapel Hill,
CB#3280, Chapel Hill, NC 27599, USA
Fax: +1-919-9621625,

e-mail: lachlan@email.unc.edu

Introduction

There is increasing evidence that social learning might be
an important mechanism through which individuals obtain
adaptive information about their environment, in a wide
range of species (Avital and Jablonka 2000), allowing in-
dividuals to obtain locally adaptive information more
quickly than if they had relied on other sources of infor-
mation (Boyd and Richerson 1985). To assess these ideas,
it is necessary to understand the paths by which informa-
tion spreads through a group. Many previous theoretical
studies of cultural evolution have assumed random trans-
mission of behaviour through a population (see Cavalli-
Sforza and Feldman 1981; Boyd and Richerson 1985).
However, there is observational (Coussi-Korbel and Fra-
gaszy 1995) and experimental (e.g. Nicol and Pope 1999;
Swaney et al. 2001) evidence that such transmission is not
random in animal populations but is, in fact, biased by so-
cial relationships and preferences.

Non-random transmission of socially learned informa-
tion might arise because the quality of information pos-
sessed by different individuals may vary. For example, a
conformist preference—a preference for learning the be-
haviour of the majority of demonstrators—is often found
(e.g. Lachlan et al. 1998). Other studies have found that
familiar (e.g. Swaney et al. 2001) or dominant (Nicol and
Pope 1999) demonstrators are preferred. In all of these
cases, we might predict that the information used by fa-
miliar individuals or the majority might be more reliable;
however, the actual adaptive value of these preferences
has not been measured. The most in-depth study of adap-
tive social learning biases in animals was carried out by
Dolman et al. (1996). They found that preferences for con-
specific versus heterospecific demonstrators was linked to
the social organisation of zenaida dove (Zenaida auriata)
populations: populations in which conspecifics foraged
together preferred conspecifics demonstrators.

An alternative explanation for biases in social learning
preferences is that they are side effects of the different lev-
els of attention individuals pay to different stimuli. In this
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scenario, social learning preferences might even be mal-
adaptive if attention is attracted for another reason. For
example, Coussi-Korbel and Fragaszy (1995) review pri-
matological studies that have found that adult individuals
are often less likely to acquire useful information if it is
displayed only by younger group members.

The sex of demonstrators is another categorisation that
appears to influence social learning by animals. Previous
experiments have produced varying results: Nicol and Pope
(1999) found that domestic hens avoided learning food
preferences from roosters. Benskin et al. (2003) found that
female zebra finches preferred learning from male demon-
strators. Both adaptive and epiphenomenal hypotheses
can be developed about why individuals might prefer
learning from the same or different sex. If sexes have dif-
ferent nutritional needs (e.g. minerals for the development
of bird eggs), then it might pay to learn from one’s own
sex. Alternatively, a preference for the opposite sex might
be a method for females to assess the foraging ability of po-
tential mates—by sampling the same food, females may
learn how good a forager a male is. However, attention may
well be directed towards the opposite sex simply as a result
of sexual attraction, and a bias for learning from the oppo-
site sex may result without it serving any adaptive function.

In this study we report the results of experiments in-
vestigating the feeding preferences of zebra finches, and
how they are affected by the sex of demonstrators. Zebra
finches are a granivorous Australian estrildid finch species.
Their food resources are patchily located, in both time and
space (Zann 1996)—factors that might make social learn-
ing a particularly adaptive strategy. Although many as-
pects of their behaviour have been studied in the labora-
tory, there have been relatively few studies of their feed-
ing behaviour. Initial studies suggested that the presence
of conspecifics reduced the rate of learning about food.
Beauchamp and Kacelnik (1991) placed pairs of zebra
finches in a cage with a food source that was presented in
conjunction with a light. They found that if one of the
finches had previously learned about the relationship be-
tween light and food, this inhibited the other from learning
the relationship. Similarly, Coleman and Mellgren (1997)
found that putting a foraging partner in a cage next to a
zebra finch inhibited learning about a novel food source.
However, they also demonstrated social learning: after one
of the pair was removed, the other was more likely to
choose the food type that the first had been feeding on.

This article reports a follow-up experiment to that car-
ried out by Benskin et al. (2003). They found that domes-
ticated zebra finches did indeed socially learn feeding
preferences. Moreover, they found that females preferred
the choices of males, whereas males did not show a pref-
erence when presented with male and female demonstra-
tors. Such a sex-dependent learning bias could be due to
females simply paying more attention to males than to other
females, as a result of sexual attraction, and therefore as a
side effect, also paying more attention to males’ feeding
behaviour. Since females rather than males choose sexual
partners in this species (Zann 1996), this might explain
why Benskin et al. found that only females showed a bias

for learning from the opposite sex. However, Benskin et
al.’s study was carried out on unmated, young individuals
that had had little exposure to the opposite sex prior to the
experiment, and therefore an alternative explanation for
the results is that females may have simply paid more at-
tention to novel stimuli. Moreover, the lack of preference
by males could reflect that they had not reached breeding
condition and so were not interested in females. We were
interested in how this behavioural preference might have
changed in older individuals that were already mated. The
primary aim of this experiment was therefore to examine
whether demonstrator preferences in mated, mature pairs
of zebra finches were the same as those in unmated, young
adult zebra finches.

Methods

Twenty-four mated pairs of domesticated wild-type finches were
used. Prior to the experiment, they had been housed in pairs for at
least 6 months in a breeding colony and had raised at least one
clutch successfully. They had been kept in visual but not acoustic
isolation from all other pairs, experienced a 14 h:10h light:dark
cycle under fluorescent lighting, and were provided with food ad
libitum. During each experimental trial, one pair of zebra finches
first observed a second pair feeding on two different food types;
they were subsequently given a choice themselves between the two
food types.

The experiments were carried out in a separate experimental
room. Figure 1 shows the experimental set-up. In each trial there
were two demonstrators: a male and female from the same mated
pair, and two observers from a second mated pair. At any one time,
three trials were carried out in parallel, so there were 12 individu-
als in the experimental room, although individuals were only in vi-
sual contact with those in their own trial. Having served as observers
in one trial, each pair of zebra finches were used as demonstrators
on the following day in the subsequent trial. Once individuals had
served as demonstrators, they were returned to the stock room.

Normal food was removed from the demonstrators’ cage and
replaced with two feeders, one containing red and the other green
seed (coloured using food colouring), by 12 noon on the day pre-
ceding the trial. At 5 p.m. that day, this food was also removed, as
well as any spilled seed on the cage floor. At the same time, the
observer pair was also moved into the experimental room: their
cage was placed opposite that of the demonstrators (Fig. 1), and
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Fig.1 Schematic diagram of the experimental set-up. The black and
open circles represent the locations of the red and green feeders—the
demonstrators are only able to feed at one of these feeders



their food also removed. The aim of this was to ensure that the mo-
tivation to feed of observers was equal, since previous work has
found that this can affect the tendency to learn socially (Dorrance
and Zentall 2001). Also at this time, the demonstrators’ cage was
split into two equal-sized compartments by inserting an opaque
separator that insured that the two demonstrators were visually iso-
lated from one another during the trial. One hour before the begin-
ning of the trial, the observers’ cage was also divided by a separa-
tor. The trials began between 10.30 and 11.30 a.m. Thus, during the
trials, each observer could only see the two demonstrators, and each
demonstrator could only see the two observers.

Each trial began with two 15-min observational periods (each
followed by a 30-min pause) in which the demonstrators were pro-
vided with coloured food, in the presence of the observers. Each
demonstrator was provided with two feeders, one containing red
food, and the other green. However, one of the feeders was blocked
by placing a pellet of paper in its entrance, such that the demon-
strator could, in fact, only feed at the other feeder. We arranged the
feeders such that one of the demonstrators fed on red food, and the
other on green.

Following this was a test phase, in which the two observers
(while still separated) were simultaneously provided with two feed-
ers, one containing red seed, and the other containing green seed,
to measure their food colour preference. In preliminary trials, the
number of pecking movements made towards the seed (‘“number of

Table1 Balancing of the experiment for side and colour prefer-
ences. R red; G green; M male; F female. “X—Y” means that X is
on the left side, and Y is on the right side of the double cage. Thus
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pecks”) was found to be highly correlated with other possible indi-
cations of feeding preferences (time spent feeding, and volume of
seed removed from the feeder were also considered). The number
of pecks made by both observers towards each colour was recorded,
as was the number of pecks made by each of the demonstrators
during the observational phases. These records were all taken by
one of us (MK). The pecking rate during the trials was low enough
to be easily counted accurately. Moreover, during pilot studies in-
volving different individuals, but using identical methods, interob-
server reliability checks were carried out, during which identical
totals were reached.

The trials were arranged to balance for possible side effects of
both demonstrators and observers, as well as to balance for colour
preferences for the seed (i.e. 50% of the trials were conducted with
the male demonstrator eating red seed, 50% with green seed).
Table 1 contains more details of this factorial design.

We did not measure the significance of individual preferences,
and we used binomial and non-parametric statistics to examine the
existence of feeding preferences in our sample. This was because
the numbers of pecks at each feeder were not independent of each
other. If an observer pecked at the green feeder, it would be more
likely to peck next at the same feeder not just because of any pref-
erence it had for the green food, but also because it was already po-
sitioned next to the green feeder. Moreover, we considered that the
total amount of seed eaten by the observers reflected how hungry

in trial 1, red food was available to the male tutor, who was located
in the left-hand cage, directly opposite the male observer. This
scheme was repeated three times during the experiment

Trial number

1 2 3 4 5 6 7 8
Colour R-G R-G R-G R-G G-R G-R G-R G-R
Tutor M-F M-F F-M F-M M-F M-F F-M F-M
Observer M-F F-M F-M M-F M-F F-M F-M M-F

Table2 Summary of results

for the experiment. Position on Position

Total pecks by tutors

Pecks by female observers  Pecks by male observers

rotation refers to the experi- on rotation

mental scheme described in Male Female Red Green Red Green
Table 1 1 57 70 3 o 0 o
2 308 120 1 79 11 93
3 106 131 0 125 57 0
4 131 342 7 19 30 23
5 185 157 3 89 25 2
6 177 261 30 93 15 90
7 187 83 30 4 8 25
8 187 311 55 1 0 25
1 235 253 50 2 12 58
2 333 89 40 23 30 25
3 203 225 4 80 60 18
4 152 120 167 39 0 67
5 58 172 2 60 30 135
6 92 171 13 125 45 85
7 91 355 2 79 88 5
8 236 70 22 70 15 65
1 209 51 30 23 3 20
2 99 55 25 19 14 23
3 148 126 22 54 0 62
4 142 99 120 2 0 115
5 147 182 21 60 0 63
7 193 104 35 7 25 13
8 227 149 123 22 10 94
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Table3 Summary of statistics, showing choices made by observers,
broken down by different variables, along with the probabilities
associated with those values. Tutor position describes whether the
tutor was directly opposite the observer or diagonally opposite the
observer. Tutor side refers to the left and right side of the experi-
mental set-up as a whole. In each pair of tutors, one ate more than
the other during the demonstration trials. Amount tutors ate records
how this factor affected observer choice. Statistical tests were car-
ried out using a two-tailed binomial test. Asterisks indicate the sta-
tistically significant result

Variable Choice Observer
Male Female

Food colour Red 7 11

Green 16 12

P 0.09 >0.5
Tutor sex Male 9 18

Female 14 5

P 0.4 0.01%*
Tutor position Opposite 14 11

Same 9 12

P 0.4 >0.5
Tutor side Left 13 16

Right 10 7

P >0.5 0.09
Amount tutors ate Least 12 14

Most 11 9

P >0.5 0.4

they were, rather than the strength of their preference. Therefore,
we analysed the proportion of each colour being eaten, rather than
simply taking the difference between them.

Results

Results were collected for 23 pairs of individuals (due to
the death of 1 individual during the penultimate trial).
Table 2 shows the results of the experiment. Most observers
ate one food colour much more than the other: 20 female

Fig.2 Relation between food
choice and the sex of the
demonstrator. The y-axis indi-
cates the proportion of pecks
made by the observer at the
food colour eaten by the fe-
male demonstrator (i.e. a score
of 0.5 indicates that the ob-
server made an equal number
of pecks at both food colours).
The x-axis represents the dif-
ferent trials, ordered according
to the strength of the prefer-
ence by the observers. The
open bars show the results for
the male observers, and the
black bars the results for the
female observers

food colour’
o
(4]

Proportion of pecks made by observers at the ‘female

and 18 male observers ate one food type at least twice as
much as the other. Similarly, in most observation trials,
observers pecked at least 30 times (2 females and 3 males
pecked less than 30 times), suggesting that observers had
a high motivation to feed. Table 3 summarises the bino-
mial statistical analysis. The only significant effect in the
analysis was that female observers pecked more at the
food colour eaten by the male demonstrator than that eaten
by the female tutor (Fig.2). This effect remained signifi-
cant even if the three trials in which the observers did not
eat one food colour more than twice as much as the other
were excluded from the analysis (two-tailed binomial test,
n=20, g=5, P=0.041), or if the two trials in which female
observers pecked less than 30 times were excluded (two-
tailed binomial test, n=21, ¢g=5, P=0.027). There was no
evidence that males preferred pecking at the food colour
eaten by the female or male tutors. There was no signifi-
cant effect for either sex on the observers’ preferences of
whether the demonstrator was on the left or right side of
the cage, or whether it was on the same or opposite side as
itself, or for either food colour.

We did not find that observers showed any overall pref-
erence for the demonstrator that pecked the most or the
least (Table 3). However, when we examined how the ob-
servers’ preferences were affected by the relative amount
the male demonstrators ate, compared to how much the
females ate, a pattern did emerge (Fig. 3). If female demon-
strators ate more than male demonstrators, female ob-
servers showed a strong preference for the food eaten by
the male demonstrators (Fig. 3a). This correlation was found
to be significant (Spearman’s rho: 0.42, P<0.03). Only when
male demonstrators ate more than the female demonstra-
tors did some female observers eat more of the food eaten
by the female observers. Four of the five trials in which
female observers chose the female demonstrators, and all
three trials in which no strong preference was shown by
the observers, occurred when the male demonstrators ate
more than the female demonstrators. In these seven trials,
the male demonstrators did peck more than during the other

|
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Fig.3a, b Relation between 1
how much the demonstrators ¢ ¢ A4
ate relative to each other and
observer preference. Graphs % .
show on the x-axis how much E 3 . ¢
the female demonstrator ate as - )
a proportion of the total num- ) %
ber of pecks made by the S E
demonstrators in that trial g £
(i.e. a score of 0.5 indicates o3 05
that both demonstrators made S5 * PS
the same number of pecks). 8 % .
The y-axis indicates the pro- S %
portion of pecks made by the S ¢ . *
observer at the food colour T E ¢
eaten by the female demonstra- 22 * o
tor (i.e. a score of 0.5 indicates a_°- ° * *
that the observer made an ¢ | @ *
equal number of pecks at both 0 L 2 *
food colours). a Results for the 0 05 1
female observers; b results for .
the male observers a Proportion of food eaten by female demonstrators
1 *—o
° o ¢
P *
£y . Y
* *

28

o 2

B E .

g *

£ 05

2z .

'06 -

c £ ¢ M

o9

5

22 .

£° *

L 4
0 L an 2 2 *
0 0.5 1
b Proportion of food eaten by female demonstrator

trials (mean of 211 pecks during the seven trials; 152 in
the others), but a more marked trend was that the female
demonstrators ate a lot less during these trials, compared
to the others (mean of 86 pecks during the seven trials;
193 in the others). Male observers showed a similar trend
to that shown by females (Fig. 3b), but the correlation was
not significant (Spearman’s tho: 0.18, P>0.1).

‘We could not control how much the demonstrators ate
during the demonstration phase of the experiment. There-
fore it is plausible that the preference of females for male
demonstrators was due to an overall difference in how
much male and female demonstrators ate. However, the
number of pecks made by male and female demonstrators
were not noticeably different (mean no. pecks by males:
170; by females: 161. In 12 trials, males pecked more than
females; in 11 trials females pecked more than males).
Similarly, demonstrators did not show any bias for red or
green food. In 10 of the 23 trials, green food was pecked
more than red food, and the average number of pecks for
the red food was 132, compared to 102 for the green food.

One possible explanation for the difference in prefer-
ences between male and female observers is that they dif-
fered in their motivation to feed, and this affected their so-
cial learning (Dorrance and Zentall 2001). In support of
this, we found that in most trials, male observers pecked
less than their female counterparts (two-tailed binomial test,
n=23, g=5, P=0.01). Although we found no evidence that
those male observers that pecked more were more likely
to prefer males or females (by recalculating the results af-
ter excluding trials in which male observers pecked less
than x times, and examining various values of x), we cer-
tainly cannot exclude a difference in motivation as an ex-
planation for our results.

Discussion

We found that zebra finches socially learn feeding prefer-
ences, in this case the colour of a novel food source, from
each other, after two 15-min trials. In contrast to many
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studies of social learning (e.g. Beauchamp and Kacelnik
1991) in which an individual socially learns from one
demonstrator, learning was demonstrated as a preference
for one of two food types after both were seen to be eaten
at the same time by different demonstrators. This design
may be a way to explore how a potentially important de-
cision for social animals is made, since social animals may
often be presented with several individuals feeding at the
same time from different food sources.

Female zebra finches expressed a preference for the
feeding preferences of male demonstrators, whereas males
showed no clear preference. This finding was very similar
to that found by Benskin et al. (2003), who studied young
(3—4 months old), unpaired zebra finches. In their experi-
ment, individuals had been housed in single-sex flocks
prior to the experiments, so the preference of females could
have resulted from the attractiveness of a novel stimulus
(males). Our result suggests that this is not the case, and
that the preference of females does not change with mat-
ing status. Since the mated pairs were visually separated
during our experiments, it could be argued that perhaps
the females were behaving as if they were unpaired. How-
ever, the subjects were certainly in acoustic contact during
the experiment, since in all trials calling interactions be-
tween the subjects were observed. As Benskin et al. (2003)
argued, a likely explanation for our result is that females
paid more attention to the male demonstrator than to the
female demonstrator. However, this does not explain why
female observers showed a bias and male observers did
not. A priori, one might expect at least as strong an oppo-
site-sex bias in males as in females. One possibility is that
if female zebra finches are more discriminating in mate
choice, then maybe they also devote more time to observ-
ing the opposite sex. A more speculative explanation is
that by following their food choice, females are able to
learn about the foraging prowess of potential mates (in a
similar way to courtship feeding), information that might
be particularly relevant in a species with biparental care.
The lack of selectivity by males may have other explana-
tions, however. Dolman et al. (1996) found that the ten-
dency of doves to learn from conspecifics was related to
whether they aggressively defended territories or not. In-
dividuals from populations that defended territories tended
not to learn from conspecifics. Male zebra finches are much
more aggressive than female zebra finches (Zann 1996). It
could be that increased competition over feeding sites be-
tween males leads to them paying less attention to the
feeding habits of conspecifics in general.

Our second finding was that demonstrator behaviour
did appear to affect the feeding choice of female observers.
Female observers were more likely to choose the female
as a demonstrator if the female demonstrator did not eat as
much as her male counterpart. It is important to note that
this result cannot explain our finding that female finches
preferred male demonstrators, because we found no evi-
dence that male and female demonstrators ate different
amounts of food during the demonstration trials. How-
ever, this bias appeared to be caused more by the female
demonstrator eating less than the male demonstrator eat-

ing more. There are two obvious explanations for this bias.
Firstly, the observers might perceive more competition for
a food type if more of it is being eaten by a demonstrator.
Alternatively, data from a similar pilot experiment suggest
that the rate of calling by demonstrators is negatively cor-
related with the rate of pecking (R.F. Lachlan, unpublished
data). If so, female demonstrators that call less could be
communicating with observers more, and consequently
attracting more attention.

Our results provide more evidence for the non-random
pattern of social transmission. In this case, it seems likely
that biases are caused by social factors unrelated to the in-
formation that is socially learned. We would predict that
they might influence the spread of a novel feeding behav-
iour through a group. Moreover, since the biases are unre-
lated to the quality of information, they could act to hin-
der the spread of useful information: an innovation made
by a female is less likely to be learned by others than one
made by a male.
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