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Crows cross-modally recognize group
members but not non-group members
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Recognizing other individuals by integrating different sensory modalities is a crucial ability of social

animals, including humans. Although cross-modal individual recognition has been demonstrated in

mammals, the extent of its use by birds remains unknown. Herein, we report the first evidence of

cross-modal recognition of group members by a highly social bird, the large-billed crow (Corvus macro-

rhynchos). A cross-modal expectancy violation paradigm was used to test whether crows were sensitive

to identity congruence between visual presentation of a group member and the subsequent playback of

a contact call. Crows looked more rapidly and for a longer duration when the visual and auditory stimuli

were incongruent than when congruent. Moreover, these responses were not observed with non-group

member stimuli. These results indicate that crows spontaneously associate visual and auditory infor-

mation of group members but not of non-group members, which is a demonstration of cross-modal

audiovisual recognition of group members in birds.
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1. INTRODUCTION
The recognition of individuals is a fundamental prerequisite

for social animals living in complex societies, as it allows for

maintaining cooperation, classifying individuals based on

their social classes (i.e. mate, kin, rank and group member-

ship) and recognition of relationships between third-party

individuals [1]. Indeed, many social animals, both vertebra-

tes and invertebrates, have been reported to be able to

distinguish conspecific individuals in various social contexts

[2]. Most past studies have documented the ability of ani-

mals to use the class-level recognition to distinguish

biologically significant individuals from others (i.e. mate

and territorial neighbour). However, only minimal evidence

has supported the existence of ‘true’ individual recognition,

which involves the representation to associate multiple cues

within or between modalities (e.g. voice and appearance)

relating to specific individuals [3–7].

Recently, cross-modal individual recognition has been

demonstrated in non-human primates [3–5], and non-

primate mammals such as dogs (Canis familiaris) [6]

and horses (Equus caballus) [7], by using an expectancy

violation paradigm. This paradigm is a powerful method

that can be used to verify the subject’s spontaneous

association of multiple cues related to a given target by

use of the following prediction. If a subject spontaneously

forms an association between multiple cues related to

a target (e.g. a person’s face and voice), the subject

should respond strongly when the memorized association

has been unexpectedly violated (in other words, when

cues of different modalities are incongruent). The studies

described above successfully adopted this paradigm for

use in animal behaviour experiments and demonstrated

cross-modal recognition of individuals such as conspecific

group members [5,7] and heterospecific human care-

takers [4–6]. In contrast to these recent advances in
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mammals, studies in birds have demonstrated class-level

recognition, defined as the ability to discriminate speci-

fic individuals, such as mate and territorial neighbour,

from others [8,9]. However, the extent of cross-modal

individual recognition remains unknown.

Corvids are ideal subjects for the study of cross-modal

individual recognition as they form complex fission–

fusion societies where individual recognition is crucial for

inter-individual competition and cooperation [10–13].

A number of studies have revealed the extraordinary socio-

cognitive skills of corvids, such as recognizing relationships

between third parties [11,14] and attributing knowledge

to conspecific rivals [15–17]. These studies suggest the

involvement of individual recognition as an underlying

mechanism for their sophisticated cognitive skills. To date,

however, no evidence of cross-modal individual recogni-

tion has been provided and thus our understanding of the

underlying mechanisms is still incomplete.

In this study, we examined audiovisual cross-modal

individual recognition by the large-billed crow (Corvus

macrorhynchos) using an expectancy violation paradigm.

Large-billed crows were recently reported to discriminate

familiar conspecifics visually [12,18], but also using audi-

tory cues based on contact calls that differed acoustically

between individuals [19]. To investigate whether crows

cross-modally recognize group members using audiovisual

cues, the looking responses of subject birds into a small

opening and towards the visual and auditory stimuli were

compared for congruent and incongruent conditions.

Under the congruent condition, visual and auditory cues

were matched in terms of identity, whereas under the

incongruent condition, these were non-matched. Using

this approach, we tested the following predictions. If the

crows could spontaneously associate the appearance and

call of a group member, they should respond more strongly

when the visual presentation of a group member was fol-

lowed by playback of the call of a different member than

when both stimuli were from the same member.
This journal is q 2012 The Royal Society
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Table 1. Group composition and stimulus pairs presented to each subject. The initial letters of crows’ names identify the

stimulus pairs. Note that birds of the familiar stimulus pairs 1 and 2 were different between subjects, as the subjects were not
tested for their own pairs.

presented stimulus pair

group composition group member non-group member

individual sex age group pair 1 pair 2 pair 1 pair 2

Oto M 6 1 N, Y Ta, S J, L F, Te

Uta M 6 1 N, Y Ta, S J, L F, Te
Gah-ko M 5 1 N, Y Ta, S J, L F, Te
Yamato M 6 1 O, U Ta, S J, L F, Te
Naka M 3 1 O, U Ta, S J, L F, Te
Sakura F 2 1 N, Y O, U J, L F, Te

Takeru F 5 1 N, Y O, U J, L —
Jenny F 2 2 — — — —
Lunac F 2 2 — — — —
Fujisan M 1 3 — — — —
Tetsuo M 1 3 — — — —
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Individual recognition is generally thought to develop

when repeated social interactions allow an individual to

associate multiple cues of another individual [2]. Surpris-

ingly, however, no past studies have investigated the role

of learning through social interaction on cross-modal indi-

vidual recognition in animals. If cross-modal individual

recognition develops through regular social contact, it is

predicted that expectancy violation is effective for familiar

conspecifics such as group members but not for unfami-

liar non-group members, because the opportunities for

regular social interactions between group members are

not available for unfamiliar non-group members. In this

study, we examined this prediction by comparing the

effects of expectancy violation arising from two categories

of stimuli birds: familiar group members and unfamiliar

non-group members.
2. MATERIAL AND METHODS
(a) Animals

Eleven large-billed crows (four females and seven males)

served in this study (table 1). Of these, seven (two females

and five males, group 1) were caught in Tokyo as fledglings

from 2004 to 2008, and thereafter hand-reared by N.K.,

and group-housed in an outdoor aviary (10 � 10 � 3 m) for

more than 1 year before the experiment. Of the other four

crows, two females (group 2) and two males (group 3)

were caught in 2009 and 2010, respectively, as free-floating

juveniles (1–2 years of age) in Tsukuba city, and group-

housed in separate outdoor aviaries (1.8 � 2.4 � 1.8 m) for

more than two months before the experiment. The crows

had free access to food (dog food, eggs and dried fruits)

and water in the aviaries. Tokyo and Tsukuba city are geo-

graphically separated by more than 40 km. Therefore, the

crows in group 1 and the other two groups had no opportu-

nities to interact socially with each other before the

experiment, which ensured that the crows in group 1 were

familiar with other members of their group but not with

the conspecifics in groups 2 and 3. Crows in groups 2 and 3

participated in the experiment only as stimuli. One male in

group 1 (Gah-ko) served only as a subject because in our

pilot study, this individual vocalized often even after a piece

of meat was given. The other birds in group 1 served as
Proc. R. Soc. B (2012)
both subjects and stimuli (table 1). The Environmental

Bureau of Tokyo Metropolitan Government gave permission

for the crows to be caught (permission no. 286–6).

(b) Set-up

To conduct the experiment under the expectancy violation

paradigm, we aligned two cages to face each other. One cage

was for the subject (70 � 106 � 76 cm), while the other was

for the stimulus (46 � 75 � 54 cm). The cages were separated

by 80 cm (figure 1). A black, sliding partition was inserted

20 cm in front of the subject cage, which allowed for a large

(30 cm; figure 1a) or a small (10 cm; figure 1b) opening

between the partition and the wall. The large opening allowed

the subject to see the stimulus, whereas the small opening did

not. A piece of meat was placed in the stimulus cage for the

stimulus crow as a visual stimulus to concentrate on it and

not to vocalize. A loudspeaker (MS-76, Elecom) used for play-

back of the pre-recorded calls (see below) was placed behind

the partition in a position that could not be seen by the sub-

ject. The behaviours of the subject and the stimulus were

monitored in another room and video-recorded (BDZ-L70,

Sony) for analysis offline.

(c) Auditory stimuli and playback procedure

Contact ‘ka’ calls were used as the auditory cue for individual

recognition because our previous study showed that this type

of call acoustically encoded individuality and that crows were

able to discriminate between individuals according to their

ka calls [19]. Prior to this experiment, ka calls were recorded

using a linear PCM recorder (PCM-D50, Sony) with a

48 kHz/16 bit sampling resolution. For each individual, the

recorded sample with the best signal-to-noise ratio was

used as the stimulus. Mean duration (+s.e.) of the calls

was 0.35+0.021 s.

Each subject participated in one trial per day under one of

four experimental conditions. A single trial consisted of a

60 s visual presentation of the stimulus followed by two play-

backs of a stimulus call separated by a 7 s interval. At the

beginning of each trial, N.K. sequentially introduced the

subject and the stimulus crows into their cages using dog

carry boxes. Subsequently, the trial was started by creating

a 30 cm opening between the partition and the wall for a

60 s visual presentation of the stimulus (figure 1a). Closing

http://rspb.royalsocietypublishing.org/
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Figure 1. Diagram of the experimental set-up. The subject (a)
could see the stimulus cage through the 30 cm opening during

the visual stimulus presentation but (b) could not see through
the 10 cm opening after visual presentation and during the
subsequent auditory stimulus presentation.
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the opening to 10 cm terminated the visual presentation, at

which time the stimulus was immediately returned to the

aviary. Approximately 30 s after the visual presentation had

ended, a call stimulus by the same bird was played twice at

a 7 s interval. The trial was terminated 30 s after the

second playback. To avoid habituation to the playback,

trials for any individual bird were separated by 4 day inter-

vals. If the stimulus bird vocalized during the presentation,

we had planned to immediately terminate the trial and

recommence it 4 days later; however, no such cases occurred.

Playback of the calls was at 85 dB SPL and 24 kHz/16

bits resolution.

During the visual presentation, no interaction occurred in

any trial between the stimulus bird and the subject. Stimulus

birds remained silent while eating pieces of meat and none

was attracted to the subjects. The subjects, on the other

hand, spent most of the time (48.2+0.94 s, mean+ s.e.)

in front of the opening, although there was no statistical

difference between group member and non-group member

conditions. However, the subjects vocalized slightly more

under non-group member conditions (i.e. four subjects voca-

lized over a total of 16 trials) than under group member

conditions (i.e. two subjects vocalized over a total of seven

trials). It is noted, again, that the stimulus birds did not

respond to vocalization of the subjects.

(d) Experimental design

Subjects were tested under four trial conditions that differed in

congruency (congruent or incongruent) between the visual and

auditory stimulus identities, and in familiarity (group member

or non-group member) of the subject with the stimulus bird.

Five stimulus pairs were prepared (table 1), three and two of

which were group member (from group 1) and non-group

member stimuli (from groups 2 and 3), respectively. Birds

were randomly assigned to matched-sex pairs and also

matched-age pairs as far as possible, in order to exclude the
Proc. R. Soc. B (2012)
expectancy violation of subjects for the sex or age between

visual and auditory stimuli.

For each stimulus pair, four different visual–auditory

sequences were possible using combinations of two congruency

conditions (i.e. bird Avis–bird Aaud and Bvis–Baud as congru-

ent, and Avis–Baud and Bvis–Aaud as incongruent). Each

subject underwent each trial only once. Therefore, each sub-

ject underwent a total of 16 trials, which consisted of four

stimulus-pair blocks of four stimulus sequences each, exclud-

ing the subject’s own stimulus pair. The order of the four

stimulus sequences was quasi-randomized within a block but

counterbalanced in congruency between blocks for a given sub-

ject. Also, the order of stimulus pairs was quasi-randomized

between blocks for each subject but counterbalanced in

familiarity between subjects. One female, Takeru, participated

in only three blocks as she refused to enter the experimental

room in the final block. Thus, for this subject, only the data

of two group member conditions and one non-group

member conditions were used for the analysis.

(e) Analysis of behaviour

To examine the effects of congruency and familiarity on the sub-

jects’ responses, N.K. measured the total looking durations and

the latencies of the subjects’ first looks using a frame-by-frame

analysis (30 frames s21). For each frame, a subject’s looking

behaviour was characterized by whether it met two criteria:

(i) the subject was perched on the northwest corner and

faced the stimulus cage, and (ii) the subject’s head inclined

or stretched through the small opening. For each trial, we

examined the 30 s period after the first playback. A second

observer, who did not know the experimental conditions and

the subjects’ identities, characterized the subject’s behaviour

in 50 per cent of the trials (54 trials) according to the above cri-

teria. Inter-observer agreement was high (Cohen’s k ¼ 0.92)

and thus the observation was highly reliable.

(f) Statistics

We examined the effects of congruency and familiarity of the

stimulus birds, but also sex and age of birds of the played-

back calls on the subject’s responses by using generalized

linear mixed models (GLMMs) that allowed us to treat the

repeated measurements of subjects and stimulus pairs as

random effects [20]. The total looking duration and the first-

look latency were set as response variables, and the

congruency, familiarity, sex, age and their second-order inter-

actions as fixed factors. We first put all fixed factors into the

model and then performed a stepwise reduction procedure

to eliminate variables based on the small-is-better criterion

for the Baysian information criterion (BIC). Significance of

the fixed factors and the interactions in the best-fitted model

were determined with a log-likelihood test between the two

models in which a focal factor (or interaction) was included

and excluded. If there was a significant interaction in the

best-fitted model, two additional stratified GLMMs were eval-

uated to examine the effect of the factors separately

conditioned on the other factor. Negative binomial error distri-

bution with a logit-link function was used for the looking

duration and normal error distribution with an identity link

function for the latency of the first look. For a trial in which

a subject showed no looking behaviour, the duration and the

latency were taken to be 0 and 30 s, respectively. All statistical

tests were conducted by using the free software program

R v. 2.12.1 (R Development Core Team) with statistical

packages ‘glmmADMB’ for negative binomial error with a
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Figure 2. (a) Looking duration and (b) latency of the first look. The crows looked towards the opening for a longer duration and
with a shorter latency period under the incongruent group member stimulus condition than under other conditions. The error

bars indicate standard errors. Grey bars, incongruent; white bars, congruent.

Table 2. Mean values (+s.e.) of total looking duration and latency of the first look under four conditions.

total looking duration (s) latency of first look (s)

congruent incongruent congruent incongruent

group member 2.9+0.7 1.0+0.3 12.8+2.6 19.3+2.4
non-group member 0.7+0.2 0.9+0.3 19.2+2.3 22.7+2.1

1940 N. Kondo et al. Cross-modal recognition in crows

 on December 26, 2014http://rspb.royalsocietypublishing.org/Downloaded from 
logit-link function and ‘lme4’ for normal error with an identity

link function.
3. RESULTS
Subject crows looked for a longer duration under the incon-

gruent condition when the stimulus was a group member

(figure 2a and table 2). GLMM selected the best-fitted

model that included familiarity, congruency and the inter-

action between familiarity and congruency. In this final

model, the interaction between congruency and familiarity

was found to be significant (p¼ 0.0049, Wald Z¼ 2.81,

d.f.¼ 105) but congruency (p¼ 0.26, Wald Z¼ 21.11,

d.f.¼ 105) and familiarity (p¼ 0.18, Wald Z¼ 1.32, d.f.¼

105) factors were not. To determine the trial conditions

producing the significant interaction between familiarity

and congruency, we performed two additional GLMMs

that separately examined the effect of congruency factor

under group member and non-group member conditions.

The GLMMs revealed a significant effect under group

member condition (p ¼ 0.0078, Wald Z ¼ 2.66, d.f. ¼

54) but not non-group member condition (p ¼ 0.22,

Wald Z ¼ 21.23, d.f. ¼ 50), indicating a significantly

longer looking duration under the condition with incon-

gruent group member stimuli than under the other trial

conditions.

Subject crows showed looking behaviour with shorter

latencies under incongruent condition with group

member stimuli than under the other trial conditions

(figure 2b and table 2). GLMM selected a best-fitted

model that included congruency and familiarity but not

sex, age or any interactions. In this final model, significant

effects were found in both the congruency (p ¼ 0.0072,
Proc. R. Soc. B (2012)
t ¼ 22.74, d.f. ¼ 105) and familiarity (p ¼ 0.0083,

t ¼ 22.68, d.f. ¼ 105) factors, indicating that the latency

of the first look was shortest under the incongruent

condition with group member stimuli.
4. DISCUSSION
In this study, we examined the audiovisual cross-modal indi-

vidual recognition of large-billed crows by using an

expectancy violation paradigm. The crows looked through

the opening for longer time with shorter latency when the

identities of the visual and auditory stimuli were familiar

to them but incongruent than when they were congruent.

Interestingly, no such behavioural patterns were observed

when the stimulus was unfamiliar. Both sex and age of audi-

tory-stimulus birds had no effect on looking behaviour of

the subjects. These results indicate that large-billed crows

cross-modally recognize group members, but not non-

group members. Our findings provide the first evidence

for cross-modal individual recognition in birds.

We hypothesized in the introduction that crows should

recognize group members because regular contact pro-

vides the opportunities to learn the associations between

these members’ vocalizations and their appearances. In

this study, there was no exposure to these individual

cues in unfamiliar non-group members before this exper-

iment, and therefore such recognition was not possible.

The finding that crows responded to the incongruent con-

dition in group members but not non-group members

supports this prediction and suggests that regular social

contacts among group members could play a crucial

role in the development of cross-modal individual recog-

nition. However, the present study did not demonstrate

http://rspb.royalsocietypublishing.org/
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the learning process whereby cross-modal individual rec-

ognition occurred among group members. To elucidate

the mechanisms underlying the association of cross-

modal cues related to specific individuals, future studies

should examine how social interactions affect the for-

mation of cross-modal individual recognition among

unfamiliar non-group members.

The subjects’ weak responses to non-group member

stimuli cannot be accounted for by habituation owing to

the use of only one call per stimulus bird throughout

the experiment. If this were the case, the subjects would

have been expected to respond similarly to both group

and non-group member stimuli under the incongruent

condition; however, this did not occur. Therefore, the

differential responses to the stimuli between group and

non-group members showed that crows did not habituate

to the call stimuli during the experiment, but rather

inferred the identities of the group member stimulus birds.

The model analyses found no effect of the sex of the

played-back calls on subjects’ responses. This indicates

that the sex of the individuals of played-back calls did

not contribute to the differential responses of the subjects

in this experiment. However, this does not necessarily

mean that crows are insensitive to sex in their communi-

cations. Previous studies in birds revealed that social

interactions differed depending on sex combinations—

for example, higher aggression between males in large-

billed crows, as well as other corvids [12,13,21], and

strong responses to contact calls of opposite-sex individ-

uals in orange-fronted conures (Aratinga canicularis)

[22]. These sex effects on social interactions suggest

that responses of subjects to the played-back calls might

be influenced by the combination of the stimulus and

the subject sexes. However, the model analyses in our

study included the sex of stimulus birds but not of sub-

jects, because of the small subject population and the

biased sex ratio (i.e. only two females), making it difficult

to reliably examine this possibility. Further investigation

of the effects of sex on individual recognition-based com-

munication is necessary in order to understand how crows

classify other individuals based on their sex.

The differential responses of the subjects to group

members and non-group members might be explained

by age differences between these stimulus groups. The

birds from group 1 used for the group member stimulus

were adult (i.e. over 3 years old), except for one female

(Sakura), while those of groups 2 and 3, used for the

non-group member stimulus, were juveniles. If the sub-

jects’ responses simply depended on the ages of the

auditory-stimulus birds, the fixed factor of age should

have remained in the final model. However, this was not

the case. Similar to the argument above, if we were to

consider the ages of both the subject and the stimulus

bird, the age effect on the subjects’ responses might be

observed. In this study, however, only one juvenile

(a female, Sakura) was included in the subject population,

which made it difficult to verify the age effects. The role of

age, including developmental stage (i.e. adult versus

juvenile), in the social communication of the large-billed

crows has been unclear, as has the manner in which indi-

vidual birds determine the ages of others. Given their

complex society consisting of heterogeneous social classes

and relationships, however, it is possible that young crows

are more sensitive to adult individuals than to younger
Proc. R. Soc. B (2012)
ones, as suggested by recent findings in Campbell’s mon-

keys (Cercopithecus campbelli ) [23]. Further studies should

investigate the ability of crows to discern the ages of con-

specifics, as well as the cues to do so, for instance, the

acoustic structures.

Another possible explanation for the present result is

that the crows responded based on the violation of the

expected relationship between the physical properties of

the visual stimulus, such as body size and acoustic charac-

teristics of the ka call. A recent study reported that domestic

dogs could relate auditory information such as the formant

frequencies of growl vocalizations to the body size of con-

specifics [24]. However, if after seeing the stimulus birds

the subject crows expected certain acoustic properties

that accorded with a general assessment rule—as was

the case for dogs—without considering the identity of the

stimulus conspecifics, the different responses found

under the congruent and incongruent conditions for

group member stimuli must have been generalized to the

non-group member stimuli. This was not the case, how-

ever, as a longer looking behaviour with a shorter latency

period under the incongruent condition was observed

only for the group member stimuli. Therefore, the

crows’ responses did not follow such a general rule of

visual–auditory assessment.

A number of past studies have shown that corvids have

highly developed socio-cognitive skills that suggest the

capacity for individual recognition. However, no clear evi-

dence of individual recognition has yet been provided.

Our study on corvids clearly demonstrated audiovisual

cross-modal individual recognition based on learning.

The present findings provide greater insight regarding

the mechanisms underlying the extraordinary socio-

cognitive skills of corvids. Use of an expectancy violation

paradigm, as in this study, allows us to further explore the

cognitive abilities of birds to categorize social classes (e.g.

sex and age) and relationships. Such social categorization

based on individual recognition probably underpins the

complex forms of inter-individual competition and

cooperation seen in corvids [10–17,25]. The present

study serves as a very important foundation for future

studies that will expand our understanding of the phylo-

geny-independent evolution of cognitive ability in close

association with social ecology [25,26].
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