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Abstract
Scheer, M. (2012) Catalogue of repetitive call vocalizations recorded among assemblages
of short-finned pilot whales off Tenerife during two field seasons (1996 and 2001). Report
to the Viceconsejería de Medio Ambiente, Gobierno de Canarias, La Laguna, Tenerife
(Spain). pp 34.
During two field seasons (1996 and 2001) call vocalizations of short-finned pilot whales
(Globicephala macrorhynchus) were randomly recorded southwest off Tenerife, Canary
Islands (Spain). During 15 recording sessions a total of 4 h 57 min 6 s of audio recordings
were obtained which contained 3,063 audible call vocalizations. A total of 779 call
vocalizations were spectrographically analysed. 750 (96.3%) of identified calls were heard
more than once and some were repeated up to 34 times. Based on their time-frequency
contours, these repetitive calls were grouped into structural categories resulting in 55
different call types. This catalogue illustrates identified call types.
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Introduction
Short-finned pilot whales (Globicephala macrorhynchus) are distributed in tropical and
warm temperate waters of the Atlantic, Pacific and Indian Oceans (Bernard and Reilly
1999). This species is abundant in coastal waters off Japan (Kasuya and Tai 1993; Kanaji
et al 2011), Baja California (Salvadeo et al 2009; Rosales-Nanduca et al 2011), California
(Norris and Prescott 1961; Shane and McSweeney 1990; Shane 1995), French Polynesia
(Gannier 2000) and the islands of Hawai'i (Shane and McSweeney 1990; Baird et al
2006), the Carribbian (Caldwell et al 1971; Mignuzzi-Giannoni 1998), the Maldives
(Anderson 2005), Cape Verde (Hazevoet et al 2000; Hazevoet et al 2010) and the
Canaries (see below).
In some regions photo-identification studies were conducted. Miyashita et al (1990) photoidentified at least 101 free-ranging short-finned pilot whales off the Pacific coast of Japan
from 1986 to 1987. However, this was a feasibility study and did not reveal insights into
long-term social affiliations. Shane and McSweeney (1990) identified individuals in waters
off Santa Catalina Island from 1983 to 1986. They resighted 32 whales on two or more
days, and 15 during two or more seasons. Their association patterns indicated stronger
social affiliation between some individuals and it was suggested that pods are fairly stable.
Individual adult males did not associate with the same pod all the time. The same study
identified short-finned pilot whales off the island of Hawai'i from 1985 to 1988. It was found
that 30 whales were sighted two or more times and 30 whales were identified between
seasons. Data indicated pod cohesiveness and individual adult males did not associate
with the same pod all the time. The most extensive photo-identification study so far ,
conducted by Heimlich-Boran (1993) on individuals southwest off Tenerife, will be detailed
in the chapter 'Animals studied' below. All photo-identification studies so far suggest stable
social group structures among short-finned pilot whales. Further research suggests that
their social structure resembles group structures observed for cetacean species living in
matrilineal kinship groups (Kasuya and Marsh 1984; Marsh and Kasuya 1984; see
Whitehead and Mann 2000 for an overview). Amos et al. (1993) found genetic evidence
that the phylogenetic closely related long-finned pilot whale (Globicephala melaena) lives
in matrilineal kinship groups, and this finding might be cautiously extrapolated to shortfinned pilot whales.
Individuals benefiting from social group living need communication signals to maintain or
regain contact with their group members when group individuals get out of sight of each
other (Tyack 2000). Cetaceans roam through a vision-limited underwater habitat and
highly rely on sounds for navigation, communication and foraging (Au 1993). Except for
non-whistling odontocetes, cetacean delphinid vocalizations are generally divided into the
categories of clicks (often used for echolocation), burst-pulses and whistles (both used for
communication) (see Janik 2009 for a review). To facilitate recognition and cohesion
among individuals of a social group which share their home range with other groups, social
delphinids were shown to use stereotyped tonal whistles and calls or pulsed calls which
can be stable over years and even decades (Sayigh et al. 1990; Ford 1991; Filatova et al.
2007). Next to the description of apparent echolocation signals of short-finned pilot whales
(Evans 1973; Fish and Turl 1976; Wood and Evans 1980), recent studies on tonal or tonallike signals - with an apparent communication function - have mostly focused on the
description of physical characteristics of pure-tone whistles (Rendell et al. 1999; Oswald et
al. 2003; Baron et al. 2008). Other reports described pulsed signals with tonal properties
such as calls, squeals or whistle-like signals (Schevill 1964; Evans 1967; Fish and Turl
1976; Taruski 1976; Higashi et al. 1992; Matthews et al. 1999; Scheer 1999; Nakahara and
Amano 2001; Jensen et al. 2011). Caldwell and Caldwell (1969) described stereotyped
and repetitive calls for this species and stated that the calls they recorded from three
captive individuals were individual-specific.
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These vocalizations have been poorly studied so far. This study was initiated to identify
and compare tonal and tonal-like call vocalizations randomly recorded among
assemblages of short-finned pilot whales inhabiting waters southwest of Tenerife during
two field seasons (1996 and 2001). Based on their spectrographic time-frequency
contours, call occurrences are compared within and between different recording sessions
and seasons.
Animals studied
The population structure and size of the Canary Island short-finned pilot whales remain
largely unknown. Carrillo et al (2002) estimated the population size for Tenerife whales to
be 362 specimens whereas Heimlich-Boran (1993) photo-identified 495 animals in the
area. Though groups are highly abundant in the southwest of Tenerife (Heimlich-Boran
1993; Montero and Arechavaleta 1996; Carrillo et al 2010) and southwest off La Gomera
(Heimlich-Boran 1993; Ritter 2003), this species was also found northeast off Tenerife
(Carrillo et al 2010), off Lanzarote (Politi et al 1996) and off the western coast of La Palma
(Pérez-Vallazza et al 2008). Heimlich-Boran (1993) did not encounter any whales during
surveys northwest of Tenerife and La Gomera. The same author identified 388 animals as
residents (31 pods) and 107 as visitors (15 pods) during a two-year field study southwest
off Tenerife. He found that 41% of the resident pods occasionally mix with each other. The
home range of visitor pods remained unclear. Based on recent distribution data, they might
travel between the Canary Islands, other adjacent archipelagos (Cape Verde, Madeira,
Azores), range along the northwestern African coast (see also Jefferson et al 1997), or
belong to a pelagic population.
Though re-sighting data for animals southwest off Tenerife suggests an apparently limited
home range and year-round residency, a high abundance of animals was also found off La
Gomera. Movements of resident animals outside the habitat southwest off Tenerife cannot
be excluded. To the contrary, they appear highly likely. The Canary Islands consist of
seven larger islands with a maximum distance of approximately 230 miles from the eastern
coast of Lanzarote to the western coast of El Hierro. Daily movement patterns of resident
animals have not been documented so far. Though animals were tagged southwest off
Tenerife (Aguilar Soto et al 2008; Jensen et al 2011), tagging technique and data analysis
concentrated on diving and acoustic behaviour, but not on horizontal ranging. Aguilar Soto
et al (2008) measured vertical swim speeds during deep dives of up to 9 meters per
second. However, it remains questionable how these highly energetic swim speeds might
be extrapolated on horizontal and long-range movements. Sakai et al (2011) analysed
swim speed and acceleration of tagged short-finned pilot whales off Hawai'i. During
horizontal and shallow ranging with intermediate surfacing bouts (which might rather be
the swim style during long-range travelling) the whales swam at speeds ranging 0.1-2.5
meters per second. Similar travelling speed are observed regularly off La Gomera (Ritter,
personal communication). At such speeds and assuming that the whales do not rest, they
would travel a maximum distance of approximately 9 kilometers per hour. Again, these
swim speeds might be inaccurate for calculating long-range movements (e.g. measured
whales might be observed during phases of recovery after deep dives) because the
authors measured time windows with relatively short durations. Andrews et al (2011)
tagged 8 short-finned pilot whales again off Hawai'i with tag attachments lasting 5-47 days.
The authors demonstrated movements for a single whale surrounding the whole island
(the Hawaiian archipelago has a perimeter of approximately 350 miles) during less than 40
days. Furthermore, rehabilitated long-finned pilot whales were shown to travel hundreds of
kilometers after release during 61-94.5 day tracks (Nawojchik et al 2003; Mate et al 2005).
In summary, short-finned pilot whales were shown to swim at high speeds and have the
7

potential for long-distance movements. Thus, resident animals southwest off Tenerife
might temporarily leave the area. As shown for resident killer whales (Ford 1991), the
population structure can be a key element to understand call use. For the Canary Islands,
this aspect still has to be revealed.
Study area
The habitat of short-finned pilot whales southwest of Tenerife was declared a marine
Special Area of Conservation (SAC) under the European Habitat Directive ('NATURA
2000'). However, the area is characterized by high densities of vessel traffic. Next to
recreational boaters, the area is highly frequented by whale watching vessels and several
types of commercial fast- and high speed ferries. The southwest coast of Tenerife
represents one of the most important whale watching spots worldwide with short-finned
pilot whales being the main target species. In 2008, the daily passenger capacity was
2,356 with 26 licensed boats operating in the area. About 470,000 whale watchers were
counted for that year (Elejabeitia and Urquiola 2009). Groups were observed to be
encountered by up to 12 whale watching vessels simultaneously (Scheer et al 1998).
Besides whale watching vessels, the area is impacted by ferry traffic (Ritter 2010) and
animals were shown to be regularly involved in lethal vessel-whale collisions (Carrillo and
Ritter 2010). Next to threats arising from vessels, the animals are vulnerable to sound
disturbance by engine and propeller noise. Jensen et al (2009) discussed potential
impacts of vessel noise on the communication system of short-finned pilot whales. Pilot
whales, as deep-water inhabitants, were calculated to suffer a reduction in their
communication range of 58% within 50m in response to small vessels travelling at 5 knots.
Short-finned pilot whales are highly vocal (see introduction). The area southwest off
Tenerife seems to represent an important feeding (Aguilar Soto et al 2008) and breeding
area (Heimlich-Boran 1993; Carillo et al 2010). Though revenues from commercial touristic
activities play an important role for the local economy, effective conservation of this natural
(and economically important) resource is still lacking. This report is aimed to deliver basic
scientific data for future bioacoustic studies and to strengthen scientific background for the
implementation of a marine protected area.
Material and methods
Data collection and recording equipment
Observations were made in August-September 1996 and June-July 2001 off the southwest
coast of Tenerife (between 27°58‘36‘‘N to 28°10‘56‘‘N and 16°42’21‘‘W to 16°50‘50‘‘W)
(figure 1). The 6m, fiberglass-bottomed m/v Caldéron was used as a research platform in
1996 and the fiberglass-bottomed, 10m s/v Delfin with an auxiliary diesel engine in 2001.
During 37 days in 1996 and 2001, a total of 162 h 05 min was spent at sea. Recordings
were obtained randomly during five recording sessions in 1996 and ten in 2001 (see Table
1). A recording session was defined as a recording made among an assemblage of
animals found in the same place. As the engine of the research boat was always turned
off, recordings were made during drifting. Assuming that the underwater visibility is limited
to <25m, individuals were also recorded when they get out of sight of each other. A single
hydrophone was lowered at a depth of approximately 25 m. During the 1996 field season,
the flat frequency response of the recording systems was 20-20,000 Hz using a
preamplified (± 30 dB) Sea Mike SM-1000 hydrophone (sensitivities: −180 dB re: 1V/µPa
or greater; frequency responses: 20-20,000 Hz ±1 dB) from Deepsea Power and Light,
San Diego, California, with a portable Sony TCD3 digital audio tape recorder (sample rate:
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48,000/s). In 2001 a standard hydrophone (sensitivities: −154 dB re: 1V/µPa at 100 Hz;
frequency responses: 6-14,000 Hz ±3 dB and 5-40,000 Hz ±10 dB) from Offshore
Acoustics, North Vancouver, British Columbia, with a portable Tascam DA-P1 digital audio
tape recorder (sample rate: 48,000/s) was used, resulting in a frequency response of 524,0000 Hz.
Fig. 1 The study area southwest off Tenerife, Canary Islands. In the shaded area, short-finned pilot
whale groups were encountered and audio recordings were made.

Spectrographic analyses and call classification
For spectrographic analyses Canary software (Cornell University, Ithaka, New York;
Version 1.2.4.) was used. Sound sequences were digitised at 48 kHz (16 bit).
Spectrograms (512 pt FFT, 75% overlap, Hamming window) resulted in a time resolution of
1.33 ms and a frequency resolution of 93.75 Hz. The spectrographic analysis concentrated
on tonal or tonal-like, non-echolocation signals. For each call the duration (D), initial
frequency (IF), end frequency (EF), minimum frequency (MiF) and maximum frequency
(MaF) was measured. Only spectrograms of calls were considered for analyses where all
these parameters could be measured and from which the spectral contour was not
masked by background noise or other vocalizations. All calls had a tonal quality to the
analyst. However, these sounds showed different spectrographic appearances and are
supposed to be generated using different sound production mechanisms. Calls showed a)
non-harmonic, narrow sideband structures with abrupt frequency shifts which were
presumed to be pulsed sounds (see Watkins 1967), b) harmonic bands at integer multiples
of the fundamental frequency and thus being tonal in nature and c) a mixture of tonal and
pulsed segments. For this study all calls were considered for analysis. For call
measurements parameters were derived from the fundamental (side-) band. For call
comparison and classification the overall spectrographic contour (time vs. frequency) was
used. Calls were matched by visually comparing spectrographic contours (Ford 1987;
Janik 1999).
Calls showing structurally unique features and being detected more than once were
labelled repetitive calls. Repetitive calls were grouped into call types. Some call types were
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slightly rendered in form, neverthless they showed structural homologous features. These
call type variants are defined as call subtypes and were labelled with a lower case Roman
suffix (see Ford 1987). Calls being detected just once in a recording session were only
classified as a call (sub-) type when an identical call was recorded during another
recording session. Singly occurring calls were labelled non-repetitive calls, however in the
future they might be identified as repetitive calls as well. All call (sub-) type labels start with
a 'T' indicating the place of recording (= Tenerife).
Table 1 Overview of data obtained from 15 acoustic recording sessions of short-finned pilot whale
groups.
Recording Recording length Total audible
session
(h:min:sec)
calls recorded

Non-repetitive
calls (%)

Repetitive
calls (%)

Call types

193
110
285
110
316

4 (5.2)
1 (1.8)
7 (20)
1 (2.1)
2 (4.4)

73 (94.8)
55 (98.2)
28 (80)
47 (97.9)
43 (95.6)

13
6
12
7
8

0:13:49
0:32:08
0:18:58
0:15:10
0:05:41
0:02:51
0:09:33
0:52:00
0:20:08
0:41:17

86
342
194
161
98
57
40
196
206
669

0 (0)
1 (1.2)
1 (2)
7 (13.5)
1 (1.8)
0 (0)
0 (0)
0 (0)
4 (6.5)
0 (0)

19 (100)
82 (98.8)
50 (98)
45 (86.5)
56 (98.2)
20 (100)
27 (100)
33 (100)
58 (93.5)
114 (100)

3
10
6
8
6
4
3
3
9
10

4:57:06

3,063

29 (3.7)

750 (96.3)

Year

Date

1996

27.08.
31.08.
01.09.
01.09.
17.09.

1
2
3
4
5

0:27:10
0:06:01
0:21:02
0:10:18
0:21:00

2001

08.06.
08.06.
15.06.
15.06.
19.06.
19.06.
23.06.
23.06.
26.06.
07.07.

6
7
8
9
10
11
12
13
14
15

Total
Mean (SD)

7.20 (± 3.21)

The catalogue
A total of 4 h 57 min 6 s of audio recordings were obtained which contained 3,063 audible
call vocalizations (table 1). However, most calls did not fulfill criteria for analysis. They
were either too faint, overlayed by background noise such as motor and propeller sounds
of whale watching vessels, ferries and recreational boaters, or overlayed by other
vocalizations of the same species. A total of 779 call vocalizations were spectrographically
analysed. Among these, 29 (3.7%) calls were heard just once. 96.3% of identified calls
were heard more than once and up to 34 times [6.94 ± 7.09 (mean ± SD)]. These repetitive
calls had a mean duration of 0.86 s ± 0.28. IF was 2.28 kHz ± 1.66, EF 6.50 kHz ± 4.99,
MiF 1.66 kHz ± 0.97 and MaF 8.92 kHz ± 4.94.
Repetitive calls could be grouped into call types with and without subtypes. This catalogue
illustrates spectrographic time versus frequency contours of identified call types with
subtypes obtained during 15 recording sessions in 1996 and 2001. Repetitive calls were
grouped into 55 different call types. Though repetitive calls belonging to one call type
showed strong structural similarities and differed from others, for some calls subtle
structures were sometimes added, subtracted or modulated in duration or frequency.
Repetitive call vocalizations belonging to the same call type but showing some of these
subtle differences were grouped into call subtypes. Among altogether 55 call types, 33 call
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types showed 2-5 (2.52 ± 0.83) subtypes. As an example, fig. 2 shows spectrograms of
call type T-15 with its four subtypesT-15i-iv.
Fig. 2 Call type T-15 with its subtypes T-15i (n=4; recorded on 31.08.1996), T-15ii (n=9; recorded
on 01.09.1996), T-15iii (n=4; recorded on 5 17.09.1996) and T-15iv (n=12; recorded on
19.06.2001). All these call subtypes have an equal appearance to the analyst. They consist of
three or four distinctive elements which are separated by abrupt frequency shifts and changes in
pulse repetition rates. For T-15ii to T-15iv, each subtype consists of three elements (2, 3 and 4).
Elements show subtle differences such as the number of sidebands for element 2, the frequency
contours for elements 3-4 and the durations of elements 2-4. Call subtype T-15i has a further
element 1 which is being missed for the other three subtypes.

The catalogues consists of two appendices. Appendix A illustrates all call types and
catalogues them in chronological order of their detection. Table 2 gives further an overview
of repetition rates per call (sub-) type. Appendix B lists all call (sub-) types obtained for
each recording session.
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Appendix I
Sonogram catalogue of call (sub-) types
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17

18

19
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21

22

Table 2 Overview and repetition rates of call (sub-) types recorded during 15 recording sessions.
Recording sessions
1996
Call

1

T-1

4

T-2i

15

2

T-2ii
T-3i

3

2001
4

5

6

7

8

9

10 11 12 13 14 15

2
3

T-3ii

2

T-3iii

4

T-3iv

21

T-4

3

T-5i

2

T-5ii

2

T-6

7

T-7i

2

T-7ii

2

T-8i

5

T-8ii

2

T-8iii

5

T-8iv
T-9i

8
8

T-9ii
T-10i

1
11

T-10ii

20

T-10iii
T-11
T-12i

24

1

9
6

T-12ii

2

T-12iii

11

T-13i

12

T-13ii

10

T-14

3

T-15i

4

T-15ii

9

T-15iii

4

T-15iv

12

T-16i

2

T-16ii

2

T-16iii

4

T-17i

1

T-17ii

1

T-18

2

23

Table 2 (continued)
Call

1

2

3

T-19i

1

T-19ii

1

T-20i

1

T-20ii

4

5

6

7

8

9

3

10 11 12 13 14 15

2

T-20iii
T-21i

6
2

T-21ii

2

T-22i

5

T-22ii

4

T-22iii
T-23i

20
5

T-23ii
T-24i

23
10

T-24ii

1

T-24iii

1

T-24iv

2

T-24v

3

T-25

2

T-26i

18

T-26ii

6

T-27i

4

T-27ii

17

T-27iii

31

T-28i

4

T-28ii

1

T-29i

3

T-29ii

2

T-30i

8

T-30ii
T-31i

5
13

T-31ii
T-32i

9
25

T-32ii

25

T-33i

6

T-33ii

7

T-33iii

2

T-34

12

T-35

14

T-36

2

T-37

5

T-38

25

T-39i

12

T-39ii

4

24

Table 2 (continued)
Call

1

2

3

4

5

6

7

8

T-40

2

T-41

6

T-42i

3

9

T-42ii

1

T-42iii

1

T-43i

6

10 11 12 13 14 15

T-43ii

16

T-44

2

T-45

12

T-46

6

T-47i

4

T-47ii

3

T-48i

25

T-48ii

8

T-49

2

T-50

3

T-51i

3

T-51ii

1

T-52iii

4

T-52i

13

T-52ii

34

T-53

5

T-54

4

T-55

5

total

13

6

12

7

8

3

10

6

8

6

4

3

3

9

10

25

Appendix II
Sonogram catalogue of call (sub-) types
per recording session
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For more informations on pilot whale research see

www.pilot-whales.org
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