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Social animals may develop behavioural strategies that are based on individualized relationships among

members. In these cases, there might be selection pressures for the development of identity signals and

mechanisms that allow discrimination and recognition of particular individuals. Female sperm whales,

Physeter macrocephalus, live in long-term, stable social units. Differential interactions among unit members

suggest the need for an individual discrimination system. Spermwhales produce stereotyped series of click

sounds called codas, which are thought to be used for communication. Although codas were initially

proposed as individual signatures, later studies did not support this hypothesis. Using linear discriminant

functions and Mantel tests, we tested variation within coda types as a means for individual identification,

using recordings where codas were assigned to individual whales. While most coda types showed no

indication of individual-specific information, individual differences that were robust to variation among

recording days were found in the 5 Regular coda type. Differences in individual-specific information

between coda types suggest that different coda types may have distinct functions.

! 2011 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Securing the benefits of group living often requires mechanisms
for group cohesion. These require the exchange of information
through some form of communication. In long-term social groups,
animals may develop behavioural strategies that are based on indi-
vidualized relationships among members, such as dominance hier-
archies and roles within groups (Wilson 1975). In these cases, one
would expect selection pressures favouring the development of
identity signals and mechanisms that allow discrimination and
recognition of particular individuals. Long-term associations among
animals also provide the prior experience of particular individuals
required for the development of individual-level signal recognition,
based on learned familiarization (Bradbury & Vehrencamp 1998;
Tibbetts & Dale 2007).

Individual discrimination is possiblewhen signalparameters have
individually unique attributes, or when the signal parameters’
variability is greater between than within individuals, and these
differences persist over time (Beecher 1982, 1989). For example,
white-winged vampire bats, Diaemus youngi, show individual varia-
tion in the structure of social calls, which the bats can discriminate
(Carter et al. 2008).

When behavioural responses to signals have different conse-
quences depending on the signaller, the ability to discriminate
between group members can also be advantageous. For example,
receivers can reduce the costs of responding to alarm calls by
varying responses depending on their spatial relationship and on
the reliability of the signaller(s) (Robinson 1981; Ydenberg & Dill
1986; Cheney & Seyfarth 1988; Bachman 1993; Kildaw 1995).
Animals can also keep track of hierarchical relationships within
groups by eavesdropping on signals from interactions of other
individuals (Bergman et al. 2003).

The sperm whale, Physeter macrocephalus, is a social cetacean
species. Females and immature animals of both sexes live in social
unitswhose composition is largely stable over decades (Whitehead&
Weilgart 2000). These units contain approximately 12 animals in the
Eastern Pacific andNorthAtlantic, but are smaller in other areas, such
as the Caribbean Sea (Christal et al. 1998; Coakes &Whitehead 2004;
Gero et al. 2008; Antunes 2009; Jaquet & Gendron 2009). Units are
distributed throughout subtropical and tropical waters and are
generally matrilineal (Rice 1989; Mesnick 2001).

Individuals within social units have preferred associates among
members (Gero et al. 2008), indicating differences in the way an
individual interacts with other members of its unit. These preferred
associations among unit members suggest the possibility of an
individual discrimination system.

Sperm whales produce broadband clicks (0e>20 kHz) charac-
terized by a series of usually evenly spaced pulses of decaying
amplitude (Backus & Schevill 1966; Watkins & Schevill 1977; Møhl
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et al. 2003;Madsen et al. 2002a), whose interpulse interval (IPI) has
been shown to be correlated with the whales’ size (Gordon 1991;
Rhinelander & Dawson 2004). These clicks function in communi-
cation, orientation and finding prey (Jaquet et al. 2001; Whitehead
2003; Madsen et al. 2002a, b; Miller et al. 2004a, b; Schulz et al.
2008, 2011).

Sperm whales produce stereotyped patterns of these clicks,
termed codas, which are thought to have a communicative function
(Watkins & Schevill 1977; Weilgart & Whitehead 1993; Schulz et al.
2008, 2011). The communicative function initially proposed for
codas was one of individual signatures (Watkins & Schevill 1977;
Watkins et al. 1985). Later studies, which classified codas into
distinct types, showed evidence of coda type sharing among indi-
viduals, challenging the initial hypothesis (Moore et al. 1993;
Weilgart & Whitehead 1993; Rendell & Whitehead 2003b). Sperm
whale groups in the South Pacific Ocean have subsequently been
shown tohave distinct codadialects,which are stable for periods of at
least 6 years (Weilgart & Whitehead 1997; Rendell & Whitehead
2003b, 2005). Schulz et al. (2011) found that most adult animals
within a social unit shared the most common coda types, with the
exception of the motherecalf pair whose repertoires were different
from those of other unit members and each other. Apart from the
motherecalf differences, the repertoire similarities of othermembers
did not support the hypothesis of individually distinctive coda type
repertoires. This sharing of coda repertoires suggests that they allow
group membership recognition, at either the unit or clan levels. This
hypothesis is further supported by the fact that social units seem to
formgroups preferentiallywith other units of their ownclan (Rendell
& Whitehead 2003b).

However, codas are not perfectly stereotyped. Within particular
coda types that can be identified statistically, there is often consid-
erable variation in the timing patterns. Even though there is no
indication that this variability is functional, it is possible that it is
specific to individuals. Thus, individuals within groups might be
recognizable by the structure of particular coda types rather than by
the range of coda types they produce. With this in mind, we
hypothesized that variation inparticular coda types could potentially
carry information about individual identity and therefore codas could
contain both group- and individual-level information. In this study,
we tested the hypothesis that variation within coda types allows
statistical discrimination of individual unit members, potentially
allowing for individual identity to be communicated between
members in a social unit by means of variation in the patterning of
the clicks.

METHODS

We used a data set consisting of recordings of codas from a single
social unit collected on the lee coast of the island of Dominica (Schulz
et al. 2011). This unit, termed the ‘Group of Seven’, consisted of five
adult females (identification codes no. 5130, no. 5563, no. 5722, no.
5561, no. 5560), one juvenile male (no. 5727) and one male calf (no.
5703; see Gero et al. 2008). These five females have been sighted
together for over a decade (Gero et al. 2008). This unit was followed
for a total of 41 days from 16 January to 26 March 2005. It was seen
on every day (100%) of our 30 days at sea. Despite other animals in
the area being readily observed, no other whales, apart from the
members of this unit, were observed on days on which recordings
used in this analysis were made. As a result, we have a very high
confidence that all the vocalizations reported here were made by
these seven animals. This unusual residency pattern is rare among
sperm whale units and provided us with a unique opportunity to
study codas at the individual level. The whales were tracked visually
and acoustically using a directional hydrophone (Whitehead &
Gordon 1986). During daylight hours the animals were approached
while on the surface, usually between foraging dives, and digital
photographs of their flukes were taken for individual identification
purposes (Arnbom 1987) using a Canon D10 digital SLR camera and
a Canon EF 300 mm lens.

Fifteen coda recordings of this unit were made using a towed
hydrophone array (consisting of two Benthos AQ-4 elements coupled
to Magrec 30 dB preamplifiers with 500 Hz high-pass filter, located
3 m apart in an oil-filled tube, with a 100 m tow cable) while the
research vessel’s enginewas off. Signalswere recorded using a Foxtex
VF-160 multitrack recorder (48 kHz sampling rate, linear 16-bit
resolution, recorded to hard disk). Coda recordings were made
opportunistically whenever animals produced them. In this case,
coda production occurred in only two contexts: when clusters of two
to seven individuals were lying motionless at the surface prior to
initiating a foraging dive or in the interval between the initiation of
a foraging dive and the first production of echolocation clicks (Schulz
et al. 2011). Additionally, recordings of regular echolocation clicks
were made whenever solitary individuals fluked at the beginning of
a foraging dive.

The recordings were analysed using Rainbow Click, an automatic
click detection program (Gillespie 1997) which was used to mark the
clicks belonging to the same coda, as well as the series of regular
clicks from solitary whales. Typically a series of regular clicks from
a divingwhale could be distinguishedwhen itfirst started vocalizing.

Table 1

Coda type repertoire of the ‘Group of Seven’ social unit, classified using k-means clustering

Coda type Whale ID numbers

no. 5130 no. 5560 no. 5561 no. 5563 no. 5703C no. 5722M no. 5727 S

4Reg 2 3 3 0 1 1 0 10

1þ3 11 0 3 1 0 34 0 49

2þ1þ1þ1 0 3 0 6 4 0 0 13

1þ1þ3 21 36 22 18 0 0 7 104

5Reg 0 38 33 4 0 0 8 83

5þ1 0 0 0 0 12 0 0 12

6Reg 1 0 0 0 1 1 1 4

7Reg 1 6 0 0 0 0 0 7

6þ1 0 0 0 1 5 0 0 6

6þ1þ1 0 1 0 0 1 0 0 2

1þ1þ6 0 3 1 0 0 0 0 4

8Reg 0 6 0 1 1 0 0 8

1þ1þ7 0 1 0 0 0 0 0 1

9Reg 0 5 0 1 3 0 0 9

9þ1 0 1 0 0 2 0 0 3

S 36 103 62 32 30 36 16 315

Numbers in the classification table correspond to the frequency with which an individual produced each coda type. Bold frequencies correspond to the codas used in the

analysis. Subscript C indicates a calf and M indicates its mother.
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These could be recognized, tracked and labelled through the early
part of the recording based on their loudness, relative bearing and
spectral characteristics.

Thewaveforms of the selected clicks were exported and analysed
using a custom-written MatLab (Mathworks Inc., Natick MA, U.S.A.)
program used to estimate the IPI (time lag between consecutive
pulseswithin a click)modal class of each coda, and each regular click
series (Schultz et al. 2011). The IPIs of both coda clicks and regular
clicks were compared among individual whales. The clicks of each of
the ‘Group of Seven’ whales had sufficiently distinct IPI among
themselves to allow for individual discrimination. Codas were
assigned to individuals based on the clicks’ IPIs as described by Schulz
et al. (2008). Codas with 4e10 clicks were classified into types based
on the number and temporal patterns of their clicks using k-means
(Dudaet al. 2001) classificationof interclick interval (ICIs; the time lag
between consecutive clicks in a coda) vectors standardized by coda
duration, as described in Rendell & Whitehead (2003a, b), using
a custom-written computer program in MatLab. The coda types
obtained were named following the nomenclature used by Weilgart
& Whitehead (1993).

The coda types for which at least five codas had been recorded
from each individual were selected for subsequent analysis.
Individual discrimination was tested by calculating linear
discriminant functions using three sets of variables: Standardized
ICIs, Absolute ICIs and the envelope Amplitude of each coda click
relative to the loudest in the codas. Relative ICIs were calculated
by standardizing the Absolute ICI values by their sum, that is, the
total duration of the coda. Because the sum of Relative ICIs equals
unity, one of the values is redundant, and so for this data set the
last Standardized ICI was not included in the analysis. The
Amplitude of each click in a coda was calculated as the ratio
between the peak of the click’s envelope and the largest envelope
peak of all clicks in the coda.

To test whether individuals could be discriminated by their
codas, we carried out a linear discriminant analysis for each coda

type. The classification error rates were calculated using a jackknife
procedure. In this procedure, one coda at a time was removed from
the data set, and the remaining codas were used to calculate linear
discriminant functions, which were then used to classify the coda
that was left out of the analysis. The proportion of the removed
codas that were wrongly classified was calculated as the individual
discrimination error rate. The classification error rates were also
compared with those obtained by random assignment of codas
to individuals. This was done by sampling from the initial set of
individuals being compared and randomly assigning codas
to individuals, thus keeping the proportion of codas for each indi-
vidual. This random assignment procedure was repeated for 1000
iterations for each coda type. In each iteration, the proportion of
codas incorrectly classified (random assignment error rate) was
calculated using the jackknife procedure described above. The
proportion of random assignment iterations whose error rates
were lower than the observed discriminant function error is
a measure of the probability that the calculated classification error
rate could have been obtained by chance. The discriminant analysis
and error rate calculations were performed using custom-written
MatLab code which used the ‘Discriminant Analysis Toolbox’ by
Kiefte (1999) after the methods in Ripley (1996).

Because differences observed between individuals could also
have been the result of differences in the whales’ vocal output
between days, we evaluated the combined effects of day of recording
and individual using a partial Mantel test (Smouse et al. 1986). This
was performed for each coda type. The test was performed using
a matrix of pairwise coda similarities (calculated as in Rendell &
Whitehead 2003a; basal similarity ¼ 0.001, Euclidean norm) as
a response matrix. Two binary pairwise matrices of the same size as
the response matrix were used as explanatory variables. The first
matrix was built with elements equal to unity for the cases when the
pairs of codas were from the same individual, and zero otherwise. A
second matrix was similarly built with unity for pairs of codas
recorded on the same day. The partial correlation between the
responsematrix and ’same individual’ taking ’same day’ into account
was then calculated. The value obtained was compared to a distri-
bution of the same parameter calculated by randomizing the iden-
tities in the binary matrices, for 1000 iterations.

The present studywas entirely observational in nature. Fieldwork
conducted in national waters took place under appropriate licence
from the national government of the Commonwealth of Dominica.
Field protocols were approved by the Dalhousie University
Committee on Laboratory Animals (http://animalethics.dal.ca/) and
were designed to minimize disturbance by approaching whales
slowly from behindwhenever possible and usingminimum required
engine power for manoeuvring. No vessel under power approached
whales to within 30 m, although occasionally whales would
approach drifting vessels of their own accord.

0 0.2 0.4 0.6 0.8 1

Relative time

1+3

5Reg

1+1+3

Figure 1. Relative time patterns for the three coda types used in discriminant analysis.

Black circles represent the mean location of clicks. Error bars represent 95% percentile

variation across all codas for all individuals.

Table 2

Distribution of codas assigned to individuals by date of recording in 2005

Coda type Whale ID numbers Recording dates

23 Jan 26 Jan 1 Feb 2 Feb 3 Feb 7 Feb 15 Feb 17 Feb 27 Feb 2 Mar 9 Mar

1þ3 no. 5130 e e 3 e e 7 1 e e e e

no. 5722 e e 2 e e e 7 e 7 e 18

1þ1þ3 no. 5130 e e 16 5 e e e e e e e

no. 5560 8 e 17 e 9 e e e e e e

no. 5561 9 e e 2 11 e e e e e e

no. 5563 18 e e e e e e e e e e

no. 5727 6 e e e 1 e e e e e e

5Reg no. 5560 10 e 1 e 7 e e 8 e 4 e

no. 5561 12 e e e 8 e e 7 e e 6

no. 5727 e 8 e e e e e e e e e

Coda types were classified using k-means.
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RESULTS

The analysis of the coda recordings from the ‘Group of Seven’
resulted in a total of 315 codas, assigned to 15 types using k-means
clustering (Table 1). The calf (individual no. 5703) was left out of the
analysis altogether owing to its low representation for some coda
types, and because it was the only whale to make a certain coda
type. Only coda types 1þ3 (16% of the total group repertoire) with
four clicks and 1þ1þ3 (33%) and 5Reg (26%) with five clicks (Fig. 1)
had at least two individuals represented by at least five codas and
could therefore be used for discriminant analysis (Table 1).

Most of the individual whale repertoires used for discriminant
analysis included codas recorded on at least 2 different days for
each coda type, with the exception of individual no. 5727 with only
1 recording day for both coda types represented, and individual no.
5563 for coda type 1þ1þ3 (Table 2).

For two of the three coda types and variable sets included in
the analysis, all discriminant function analyses resulted in
a number of canonical discriminant functions equal to the number
of individual whales being compared minus one. This permits the
discrimination between all individuals being compared. In the
case of the variable set Relative ICIs for coda type 1þ1þ3, it was
only possible to calculate three canonical discriminant functions,
the same as the number of variables in the analysis.

Only two individuals (no. 5130 and no. 5722) were represented
with at least five codas of type 1þ3, therefore allowing for
discrimination only between them (Table 1). The observed classi-
fication error rates were lowest for variable set Amplitude, but in
all cases higher than or equal to 0.2. The classification error rates
for this coda type fell well within the range of those obtained by
random classification for all variable sets. This indicates that the
classification of codas of type 1þ3 to individual whales did not
perform better than random assignment of codas to individuals
(Table 3).

The distribution of canonical discriminant values for indi-
vidual no. 5130 completely overlapped those for no. 5722 in all
data sets (Fig. 2), indicating a poor discrimination between
individuals.

Coda type 1þ1þ3 was represented with enough codas per
individual to allow discriminant analysis for five adult whales
(no. 5130, no. 5560, no. 5561, no. 5563 and no. 5727). Classification
error rate values for this coda type were lowest for variable set
Absolute ICIs, but they fell well within the range of those obtained
by random classification for all variable sets. This indicates that the
classification of codas of type 1þ1þ3 to individual whales did not
perform better than random assignment of codas to individuals
(Table 3). Canonical discriminant function values for all individuals
exhibited considerable overlap, and a clear separation pattern was
not found for any variable set (Fig. 3). This indicates that separation
of individuals using linear discriminants is not possible for coda
type 1þ1þ3.

Only individuals no. 5160, no. 5561 and no. 5727 were repre-
sented with more than five codas of type 5Reg. Classification error
rates for each variable set in type 5Reg was lowest in variable set

Absolute ICIs and highest for variable set Amplitude (Table 3).
Classification error rates for variable sets Absolute ICIs and Rela-
tive ICIs were outside the range of those obtained by random
assignment of individuals to codas (Table 3). In variable sets
Relative ICIs and Amplitude the canonical discriminant function
values for coda type 5Reg did not show a clear separation between
the different individuals (Fig. 4). However, data set Absolute ICIs
showed an obvious separation of individuals using linear
discriminants.

The pairwise similarity for 5Reg codas showed higher values for
comparisons within individuals than between individuals, both
within and between days. The same pattern was not apparent for
coda types 1þ3 and 1þ1þ3, where similarities were identical
regardless of individual identity and day of recording (Fig. 5).

The partial Mantel tests resulted in significant correlation
coefficients between coda similarity and being made by the same
individual of 0.37 (P < 0.001), 0.11 (P < 0.001) and 0.55 (P < 0.001)

Table 3

Whale classification error rates for coda types 1þ3,1þ1þ3 and 5Reg, and for variable

sets Absolute ICIs, Relative ICIs and Amplitude

Coda type Whale ID numbers Absolute ICIs Relative ICIs Amplitudes

1þ3 5130þ5722 0.333 (0.783) 0.267 (0.648) 0.200 (0.218)

1þ1þ3 5130þ5560þ5561

þ5563þ5727

0.625 (0.116) 0.673 (0.356) 0.692 (0.374)

5Reg 5560þ5561þ5727 0.127 (<0.001) 0.278 (<0.001) 0.468 (0.154)

The probability of obtaining a better classification error rate than by random

assignment of identification to individuals (1000 iterations) is shown in parentheses.

Figure 2. Histograms of canonical discriminant function values for comparisons

between individuals no. 5130 (dark bars) and no. 5722 (white bars) for coda type 1þ3

and variable sets (a) Absolute ICIs, (b) Relative ICIs and (c) Amplitudes.
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for coda types 1þ3, 1þ1þ3 and 5Reg, respectively. The low positive
correlation value for coda type 1þ1þ3 indicates a relatively weaker
effect of individual in the similarity of codas. The highest value for
coda type 5Reg indicates that the effect of individual identity is
stronger even taking into account variation among days. Coda type
1þ3 exhibited an intermediate correlation value.

DISCUSSION

Our results show that there is some individual variation in coda
production across all the coda types for which we had sufficient
data. However, this variation differs across coda types. For the 1þ3
and 1þ1þ3 coda types it does not translate into a reliable
discrimination between individuals. In contrast, for 5Reg codas
individual variation among the three individuals tested is much
more marked, but only when considering Absolute ICIs, as indi-
cated by the discriminant function plots and the classification error
rates. It seems plausible that individuals could tell each other apart
in this unit based on this coda type.

However, there are important caveats pertaining to our results.
Our data derive from a single social group, and in part from
a subset of individuals in that group, and so cannot tell us whether
this kind of individual specificity is a general feature of the 5Reg
coda type. Also, we cannot evaluate whether the ability to
discriminate individuals from ICIs extends to all group members.
Data from other social units are critically needed to examine how
5Reg codas vary between individuals more generally. Further-
more, recordings were generally made in a restricted range of
behavioural contexts.

The differences in individual specificity between coda types that
we have found suggest different functionality of those types. In the
case of the social unit studied here, coda type 5Reg, consisting of
five regularly spaced clicks, seems to carry more information with
respect to individual identity than the other types, and appears to
be stereotyped to this end. In contrast, individual specificity in the

Figure 3. First two canonical discriminant functions for comparison among individ-

uals no. 5130 (,), no. 5560 (B), no. 5561 ( ), no. 5563 (þ) and no. 5727 (V) for coda

type 1þ1þ3 and variable sets (a) Absolute ICIs, (b) Relative ICIs and (c) Amplitudes.

Figure 4. First two canonical discriminant functions for comparison among individ-

uals no. 5560 (B), no. 5561 ( ) and no. 5727 (V) for coda type 5Reg and variable sets

(a) Absolute ICIs, (b) Relative ICIs and (c) Amplitudes.
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other coda types is not as strong and, although still statistically
detectable, is more consistent with a stochastic idiosyncrasy. The
5Reg coda type is noteworthy because it is ubiquitous across
geographical areas in which sperm whale coda repertoires have
been studied (Caribbean: Moore et al. 1993; Pacific Ocean: Weilgart
& Whitehead 1993, 1997), although it seems less common in the
Mediterranean (absent in Pavan et al. 2000 but reported in Frantzis
& Alexiadou 2008). It has also been highlighted as beingmore likely
to occur at the start of coda exchanges than other coda types
(Weilgart & Whitehead 1993). Our results suggest that 5Reg codas
could be used for encoding individual identity, which would also
help explain both its ubiquity and its frequent occurrence at the
start of exchanges. These results appear prima facie contradictory
to those of Moore et al. (1993) who found that codas assumed to
have been produced by the same individuals were no more similar
to each other than to those assumed to be produced by different
individuals. Their analysis, however, would not have been able to
distinguish the individual-specific variationwe report here, for two
reasons. First, their analysis did not stratify by coda type, instead
combining all types in a single test, and second, their data were
collected from at least 15 different social units, meaning that
variation in coda production between social units (which is large;
Rendell & Whitehead 2003b) would probably have made the rela-
tively subtle variations we report undetectable.

The fact that the individual variation within coda types can be
used to distinguish individuals suggests hierarchicalmappingmay be

a feature of coda variation. Hierarchical mapping is typical in bird-
song, where a mean pattern of vocalizations indicates species iden-
tity, and deviations from this indicate individual identity (Becker
1982; Falls 1982). Hierarchical mapping has also been found to code
for individual and sex in electrical fish (Pollimyrus isidori: Crawford
1992; Brienomyrus sp.: Friedman & Hopkins 1996). In codas, indi-
vidual information seems to be encoded in variations in timing
around the coda type’s stereotyped rhythm. For the social unit
studied here, the 5Reg type, defined by five (fairly) equally spaced
clicks in relative timing, provides the mean pattern from which
idiosyncratic variations in absolute time depart. Such a coding
scheme would be constrained by the amount of within-type vari-
ability possible that would still allow the coda to be recognized as
a 5Reg type.

Our results suggest that the common practice of standardizing
intervals in these kinds of analyses (e.g. Moore et al. 1993;
Weilgart & Whitehead 1997; Rendell & Whitehead 2003a) might
actually be discarding important information. The present study
also shows the need for further work on the contextual use of
codas. If indeed coda types have different functionalities, these
could be reflected in contextual use. Male sperm whales in the
Mediterranean have been shown to use different coda types
depending on behavioural context (Frantzis & Alexiadou 2008);
however, no individual-specific variation has been reported.
Longer-term study of the individual repertoires of units of sperm
whales such as the ‘Group of Seven’ would increase the sample

WI/SD WI/DD BI/DD BI/SD

1

1.5

2

2.5

3

(a) (b) (c)

S
im

il
a
ri

ty

WI/SD WI/DD BI/DD BI/SD WI/SD WI/DD BI/DD BI/SD

Figure 5. Box plots of coda similarity values within individuals on the same day (WI/SD); within individuals on different days (WI/DD); between individuals on different days

(BI/DD); and between individuals on the same day (BI/SD) for coda types (a) 1þ3, (b) 1þ1þ3 and (c) 5Reg. The box plots show the median (horizontal line), the upper and lower

quartiles (the box) and the range (dotted vertical lines).
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size, allowing for a greater control of context and motivational
variables and more precise conclusions on the presence of indi-
vidual information and its variation between coda types. Also,
further research targeting the individual repertoires of other
social units from the same and other geographical areas with
different coda type repertoires will allow the verification of the
hypothesis of differential functionality of coda types in trans-
mitting individuality.

In conclusion, we have demonstrated that it is possible to
discriminate between individual spermwhales in the social unit we
studied based on Absolute ICI variability for one coda type only.
This supports the initial hypothesis that individual-specific varia-
tion within coda types could allow distinction between group
members. However, the discrimination performance was not the
same for all coda types, which suggests differential functionality
between coda types. The present study also suggests that codas are
hierarchically coded signals in which individuality information is
encoded in finer variations in timing around the stereotyped
rhythm of a given coda type. We suggest that studies of animal
communication will benefit from considering the possibility of
subtle information coding at different hierarchical levels that may
otherwise be overlooked.
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