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Abstract — Sperm whales Physeter macrocephalus show
a steady population decline, yet despite their
threatened status, there remains a dearth of knowledge
in the Mediterranean Sea. The current study reports
the preliminary results of sperm whales’ acoustic
patterns within the Gulf of Taranto and the North-
western Levantine Sea. “Regular” clicks were recorded
in both regions indicating the presence of foraging
grounds. “Codas” were also present in the North-
western Levantine. The presence of codas and social
units emphasises the importance of the North-western
Levantine as potential nursery grounds. Further, inter-
click intervals were slightly smaller for the Taranto
Gulf while recordings from the North-western
Levantine Sea showed similarities with the
Mediterranean Sea. Lastly, sperm whales were larger
in size in the Taranto Gulf compared to the North-
western Levantine Sea. The current results depended
on data collected on a single date, therefore further
research must be implemented to understand the
acoustic patterns of sperm whales.

I.  INTRODUCTION

The sperm whale Physeter macrocephalus shows a
widespread distribution at Mediterranean scale [1]
inhabiting offshore and continental slope waters, where
mesopelagic cephalopods are most abundant [2,3].
However, since the 1980s, the Mediterranean
subpopulation has shown a steady decline and thus, it has
been classified as Endangered by the IUCN Red List [4].
Despite an increase in dedicated survey efforts on sperm
whale during last decades, the knowledge of its abundance,
spatial-temporal distribution, habitat preferences and
behavioural patterns tends to be localized mainly to the
western and central Mediterranean Sea, with less than a
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handful of basin-wide research efforts [5,6,7,8]. In
addition, only recently a great effort was carried out to
investigate the occurrence and abundance of sperm whales
in Eastern Mediterranean Sea [5, 9, 10, 11, 12,13,14].
Despite an increase on research effort, the acoustic patterns
of Mediterranean subpopulation of sperm whales have
been poorly investigated [15,16,17], which can reveal
important information from foraging strategies to
population structure and cultural transmissions [18].
Sperm whales do not produce whistles, but instead only
use broadband pulses or clicks [19]. Typical known
vocalization patterns of sperm whales were “regular”
clicks, while codas are occasionally produced. The former
is identified as extended sequences of loud clicks produced
at regular rates of approximately 0.5-2 clicks per second
and they generally take place during the long and deep
foraging dives and serve to echolocate the prey [20]. The
codas are distinctive and short stereotyped sequences of
clicks with a time pattern, produced in the presence of
multiple individuals and commonly heard during group
aggregation, even if they were occasionally produced at
the end of a “regular” click sequence of foraging dives
[21]. Social groups of females and juveniles produce
higher rates of codas at the surface while they are
interacting and it was proposed that codas are linked to
some types of communication, likely to be learnt within
matrilineal social groups [22] and identifiable for the vocal
clans [23, 24]. However, individual or group identification
does not appear to be the main function of codas and the
most plausible primary function of codas is for the
maintenance of social bonds, especially following periods
of dispersion or separation, such as following foraging
events [25]. Although multiple coda repertoires of sperm
whales were recorded in Pacific region, the Mediterranean
subpopulation showed little variation of coda repertoire



[15]. The Mediterranean subpopulation dominantly
produce 3+1 codas, with a duration ranging from 456 to
1280 ms, and an average duration of 908+176 ms [15]. It
is important to note that the 3+1 codas in the
Mediterranean are dominantly recorded after foraging
dives, while in the Pacific Ocean these are recorded in
large socializing groups. Further, males tend to have
smaller repertoires than females and the recordings in the
Central Mediterranean Sea mainly originated from males
leaving the potential for greater variation that previously
considered [15]. Therefore, considering the different
settings, it is likely that even though codas may have
similar structures, social structure of the group will affect
the codas function.

There is some evidence of variation from the typical 3+1
coda patterns [15]. Nursery groups in the Mediterranean
Sea showed 4-, 5- and 7-click codas [26]. Additionally,
some groups recorded in the Eastern Mediterranean Sea
demonstrated a different coda type, with 2+1 [27] and
3++1 [28] variations. Despite the existing variations on
coda patterns, sperm whale tend to show similar codas
within the Mediterranean Sea which raised the possibility
of sperm whales displaying an “island habitat” [28]. Island
populations contain fewer elements in their vocal
repertoires but have more variety within the elements [15].

Nevertheless, the scarce number of comprehensive
acoustic studies on sperm whales hinders our
understanding of the vocal repertoires of sperm whales in
the Mediterranecan Sea. Studying the variations in
vocalization over time and space through acoustic
techniques can produce extensive knowledge of the
population structure, cultural and genetic evolution, and
the presence of local adaptations [29, 30]. The current case
study provides information on the variations in vocal
behavior of sperm whales occurring in the Northern Ionian
Sea (Central Mediterranean Sea) and in the North-western
Levantine Sea (Eastern Mediterranean Sea) , contributing,
although preliminarily, to the understanding of whether the
vocal repertoire varies between these two areas.

II. MATERIAL AND METHODS

Standardized seasonal boat-based surveys with visual and
acoustic survey techniques were carried out to monitor the
occurrence of cetaceans in the Gulf of Taranto (Northern
Ionian Sea, Central Mediterranean Sea) and along the
Turkish coasts of the North-western Levantine Sea
(Eastern Mediterranean Sea). While a random line transect
design was applied in the Gulf of Taranto between
February and December 2019, 22 equally spaced transects
were followed seasonally in the North-western Levantine
Sea between April 2018 and January 2020. A survey effort
of approximately five hours per day was completed, along
a 65 km line, covering an area of about 960 km?2 in the
Gulf of Taranto. 24 hour survey effort for an average of
five days per season was conducted in the North-western
Levantine Sea, consisting of 644 km of track line in each

survey, covering an area of 23,438 km?.

In both study areas, observations on board were made with
the naked eye and 7 x 50 binoculars. When a visual or
acoustic detection took place, the focal group was
followed, switching to off-effort [31], to collect
information such as photo-identification, geographic
coordinates of the sighting, time of first contact, depth (m),
group size and behavior. Additionally, environmental and
anthropogenic (vessel presence, construction, military
sonar and hydrocarbon exploration) noises in the area were
logged in the North-western Levantine Sea.

A. Acoustic data collection

In the Gulf of Taranto, data were collected using a pre-
amplified omnidirectional hydrophone (Colmar GP0190)
with a sensitivity of -175+5 dB re 1V/uPa among 5 and
170 kHz, and a flat response of -171 dB re 1V/uPa under
12 kHz up to 1 kHz. The acoustic data were collected only
after the engine switched off, to avoid disturbance and
noise, and if possible for the entire duration of the sighting.
In the North-western Levantine Sea, a towed hydrophone
array was deployed near-continuously during surveys. The
hydrophone array (Vanishing Point, UK) consisted of four
omni-directional broadband hydrophone elements for high
and low frequency monitoring mounted within a
streamlined housing and towed on a 200 m strengthened
cable. The hydrophone elements were sensitive between
100 Hz and 200 kHz Signals and the hydrophone was
amplified and conditioned using a customized hydrophone
interface (Magrec HP27) and digitised using a Behringer
U-Phoria UMC404HD sound card sampling up to 192
kHz. PAMGuard software ran on a laptop computer
making continuous  full bandwidth  recordings.
Additionally, a directional hydrophone was used to
localize the sperm whales. In both study area, post-
acoustic analyses carried out by PamGuard 2.01.03.

III. RESULTS

In the Gulf of Taranto, during February-December 2019, a
total effort of 148 daily surveys was applied accounting for
approximately 740 hours of observations and 9600 km
covered. A total of 6 visual sightings of sperm whale with
a group size ranging from 1 to 5 individuals, occurred in a
depth range from 560 and 1050 m in depth (Figure 1).
Acoustic data were collected during one sighting. Five
possible sperm whales were identified (despite only four
being visually confirmed) from 20 recordings lasting 1
hour and 3 minutes recorded on the 17" August 2019. The
recordings contained impulsive clicks with well-defined
click trains with Inter click interval (ICI) ranging from 0.3
to 1 second. The recorded center frequency has ranged
between 8 and 12 kHz and the peak frequency was
between 11 to 16 kHz. Peak frequencies are typically
recorded in a range 12 to 13.5 kHz (Figure 2). The IPI
values received were calculated using the suggested
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algorithm [32], suggesting a body length of 9 to 10.5m
calculated.
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Figure 1. Detected sperm whales within the Gulf of
Taranto.
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Figure 2. Sample click pattern of a sperm whale recorded
on the 17" August 2019 in the Gulf of Taranto.

In the North-western Levantine Sea, a total of 60 days were
spent from April 2018 and January 2020, with an effort of
approximately 697 hours of observation and covering
4385 km. 23 sightings of sperm whale were detected in
waters with depths between 500 and 2500 m, of which only
4 sightings were visually recorded (Figure 3). A total of 13
acoustic recordings of sperm whales making up 1 hour and
29 minutes on July 15th, 2019 were analysed, revealing the
possible presence of 4 or more individuals. This date was
chosen for the preliminary analysis due to the presence of
clearly distinguishable clicks and possible codas. Sperm
whale acoustic recordings revealed the presence of
“regular clicks” and “codas”. Regular clicks showed
similar characteristics with inter click interval (ICT) values
of around 1 second and peak frequencies ranging from 2 to
13 kHz. During one of these recordings, the animals
encountered emitted both regular foraging clicks and
possible codas or indistinct click trains. Regular clicks
emitted during foraging dives started with an ICI of 1.4
seconds and decreased to 0.65 seconds approximately,
before decreasing further. The peak frequency of the click
also altered from an emphasis on 2 to 4 kHz signals in
bimodal clicks with a lower peak at 7.3 to 9.4 kHz. The
lower peak frequency reduced on the more frequent clicks
presumably at the target being investigated was
approached. While some possible codas followed a pattern
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of'a seven click sequence with varying ICI rates alternating
from fast to slow to fast. The recorded codas had a range
of ICI and frequencies, but the peak frequency ranged from
12 to 14.4 kHz and centre frequency ranged from 11 to 14
kHz (Figure 4). Inter Pulse Intervals (IPI) suggests body
length of 7.8 to 9.3m for four of the whales.

LEVANTINE SEA

’

Figure 3. Detected sperm whales within the North-western
Levantine Sea survey area.
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Figure 4. Sample click pattern of a sperm whale recorded
on the 15" July 2019 in the North-western Levantine Sea.

IV. DISCUSSION

The comparison of vocalizations of sperm whales recorded
in the Gulf of Taranto and North-western Levantine Sea
revealed the occurrence of ‘regular clicks’, indicating both
areas hold foraging habitat(s) for sperm whales [18,33].
This hypothesis is supported by the peculiar eco-
physiographic features of the Taranto Valley canyon
system in the North Ionian Sea and Finike seamounts in
the north-western Levantine Sea, both of the location
having its energy and biomass exchanges indicating a
benthic-pelagic coupling and a rich occurrence of
mesopelagic cephalopods [14, 34, 35].

Additionally, in Turkey, the occurrence of coda patterns
was indicative of social behaviour [15] thus the area is not
only important for the solitary individuals but also for the
social, potentially nursery, groups. Hellenic Trench is
known to hold one of the most important sperm whale
habitats of the Mediterranean Sea with high recording of
nursery groups [9,10,11,12]. Therefore, it is highly likely
that sperm whales, both the nursery groups and solitary



individuals, share the neighbouring waters. The regular
foraging clicks recorded in Turkey appear to be similar to
the reported acoustic patterns of sperm whales elsewhere.
The Inter Click Interval (ICI) of 1.4 seconds decreasing to
0.6 seconds in Turkey is concurrent with sperm whales
within the Mediterranean Sea [33] as well as further afield
e.g. waters off Norway [36, 37], the Galapagos [38] the
Gulf of Mexico [39], who generally have found click
intervals of between 0.5 and 2 seconds.

The ICI ranging from 0.3 to 1 second recorded from sperm
whales sighted in the Gulf of Taranto is slightly lower than
the aforementioned reported values, but it should be noted
click interval changes on approach to prey down to as low
as 20 ms [37]. Due to variance of the ICI as a function of
proximity to prey or target [33] and depth [37], further
acoustic studies are needed to confirm whether the ICI
recorded in the Gulf of Taranto could be atypical.

The peak frequencies recorded in both study areas were
slightly higher than those recorded in the Galapagos [38]
but lower than those recorded in the Bahamas [40] and
Norway [41]. The center frequencies were comparable to
those recorded in Papua New Guinea [42] but they are
lower than central frequency recorded in the Gulf of
Mexico [39].

Higher frequency clicks observed following dives, in
Turkish water, suffer from higher attenuation suggesting
that they are more suited to shorter distance investigation
[42]. This demonstrates the ability of animals to modulate
or change the signal as the target is approached, changing
the frequency of the signal to obtain greater resolution of
the target. Echolocation clicks are often produced at
intervals that are either similar to or slightly longer than
the two - way travel time [43] i.e. the time for the sound to
reach the prey and return making it a useful proxy for the
distance which the animal is directing its attention [44].
Higher frequency signals with shortened ICls increase the
rate of signal return and therefore return more information
on the target as it is approached. Thus, considering with a
reasonable approximation that speed of sound in the water
(valid for water from 100 m to 800 m depth) is 1510+2 m/s
[33], with an ICIs of 1.4 and 0.6 second respectively,
recorded in Turkish waters, the maximum prey location
distances resulted of 1057 m and 491m, respectively. For
the Gulf of Taranto, the same method gave maximum prey
location distances ranging from 227 mto 755 m for the 0.3
and 1 second ICIs, respectively. Indeed, the target may be
closer but it may be that details of the surrounding
environment are still of use in orientation and the tracking
and capturing prey [33,45].

Preliminary analysis suggested that the coda patterns
observed in Turkey were not similar to the typically
observed pattern found in the Mediterranean [15] and did
not appear to show the 2+1 nor the 3++1 patterns [27,28]
in neighboring Greece. However, more recordings of coda
clicks would be required in order to reliably determine
coda characteristics and associate them reliably to specific

social groups.

Two codas recorded in 1995 by the Italian Navy comprise
the only other published data on sperm whale acoustics in
the Gulf of Taranto, both of which consisted of the typical
3+1 pattern [15]. The body length in this study calculated
based on the whale’s IPI gave a length of 13.2m [15] which
is considerably larger than the range of 9 to 10.5m
calculated in this study.

The results presented here are from the first dedicated
cetacean seasonal survey carried out in the Turkish waters
of the Eastern Mediterrancan Sea [14] and to our
knowledge, the first recordings analyzed for their acoustic
properties. Similarly, the recordings in the Gulf of Taranto
are some of the first recordings analyzed. This preliminary
analysis provides the scientific baseline of knowledge on
the vocalizations of sperm whales in these understudied
areas [5]. In turn, results demonstrate the existence of
foraging grounds in both the Gulf of Taranto, already
suggested as suitable habitat for this and other cetacean
species [46] and the Eastern Levantine Sea, where not only
solitary individuals but also social units were encountered
Acoustic data collected in each case represents recordings
in a single day, of a single year while the life of a sperm
whales spans approximately 60 years [47] and therefore,
these are very limited snapshots into the lives of sperm
whales. There is a clear need for further analyses into the
recordings collected but the variation observed between
the two study areas, even in the preliminary analyses,
emphasizes the need for comprehensive data collection in
these understudied areas as well as the value of cross-
border collaborations in developing our understanding of
the ecology of cetaceans that shows long-movement
patterns.

V. REFERENCES
[1]1 L. Rendell, S. Simido, J. M. Brotons, S. Airoldi, D.
Fasano, A. Gannier, “Abundance and movements of
sperm whales in the western Mediterranean basin”.
Aquatic Conservation: Marine and Freshwater
Ecosystems, 24(S1), 2014, pp. 31-40.
A. Azzellino, S. Gaspari, S. Airoldi, B. Nani.,.
“Habitat use and preferences of cetaceans along the
continental slope and the adjacent pelagic waters in
the western Ligurian Sea.” Deep Sea Res. Part I
Oceanogr. Res. Pap., vol. 55, No.3, 2008, pp.296-323.
[3] E.Praca, A. Gannier, A., “Ecological niches of three
teuthophageous odontocetes in the northwestern
Mediterranean Sea.”, Ocean Sci., vol.4, February
2008, pp.49-59.
G. Notarbartolo di Sciara, A.Frantzis, G.Bearzi,
R.Reeves., Physeter macrocephalus(Mediterranean
subpopulation). The IUCN Red List of Threatened
Species 2012: e.T16370739A16370477.
https://dx.doi.org/10.2305/IUCN.UK.2012-
1.RLTS.T16370739A16370477.en. 2012

(2]

(4]

103



(6]

[8]

[11]

[12]

[13]

[14]

[15]

T.Lewis, O.Boisseau, M.Danbolt, D.Gillespie,
C.Lacey, R.Leaper, J.Matthews, R.McLanaghan,
A.Moscrop, “Abundance estimates for sperm whales
in the Mediterranean Sea from acoustic line-transect
survey”, J. Cetacean Res. Manag., vol. 18, 2018, pp.
103-117.

A.Gannier, V. Drouot, J. Goold, “Distribution and
relative abundance of sperm whales in the
Mediterranean Sea.”, Mar. Ecol. Prog. Ser., vol. 243,
November 2002, pp.281-293.

O.Boisseau, C.Lacey, T.Lewis, A.Moscrop,
M.Danbolt, R.McLanaghan, “Encounter rates of
cetaceans in the Mediterranean Sea and contiguous
Atlantic area.”, J. Mar. Biolog. Assoc. U.K. vol. 90,
No. 8, December 2010, pp.1589-1599.

C. Lambert, M.Authier, G. Dorémus, S. Laran,
S.Panigada, J. Spitz, O.Van Canneyt, V.Ridoux.
“Setting the scene for Mediterranean litterscape
management: The first basin-scale quantification and
mapping of floating marine debris”. Environ.
Pollut., August 2020, p.114430.

A Frantzis, P.Alexiadrou, G.,Paximadis, E.Politi,
A.Gannier, M.Corsini-Foka, “Current knowledge of
the cetacean fauna of the Greek seas.” J. Cetacean
Res. Manag. vol. 5, No. 3, 2003, pp. 219-232.

A Frantzis, S.Airoldi, G. Notarbartolo-di-Sciara,
C.Johnson, S.Mazzariol, “Inter-basin movements of
Mediterranean sperm whales provide insight into
their population structure and conservation”. Deep
Sea Res. Part I Oceanogr. Res. Pap. Vol. 58, No.4,
February 2011, pp.454-459.

A Frantzis, P.Alexiadou, K.Gkikopoulou, "Sperm
whale occurrence, site fidelity and population
structure along the Hellenic Trench (Greece,
Mediterranean Sea).” Aquat. Conserv. vol.24(S1),
June 2014, pp.83-102.

A.Frantzis, R.Leaper, P.Alexiadou,
A.Prospathopoulos, D.Lekkas, 2019. “Shipping
routes through core habitat of endangered sperm
whales along the Hellenic Trench, Greece: Can we
reduce collision risks?”. PloS one, vol. 14, No.2,
February 2019, €0212016.

A.Oztiirk, A.Tonay, A.Dede, A. Sperm whale
( Physeter macrocephalus ) sightings in the Aegean
and Mediterranean part of Turkish waters. J. Black
Sea/Med. Env. vol 19, No. 2, May 2013, pp. 169-177.
A.Akkaya, P.Lyne, X.Schulz, T.Awbery, S.Capitain,
B.Rosell, B.Yildirim, C.lkiling, J.Relva, H.Clark,
L.Van Walsum., “Preliminary results of cetacean
sightings in the eastern Mediterranean Sea of
Turkey”., vol. 26, No. 1, April 2020. pp. 26-47
Pavan, G., Hayward, T.V., Borsani, J.F., Priano, M.,
Manghi, M., Fossati, C. and Gordon, J., “Time
patterns of sperm whale codas recorded in the
Mediterranean Sea 1985-1996. The Journal of the
Acoustical Society of America”, vol.107, No. 6, May

104

[17]

[19]

[21]

[22]

[23]

[24]

[25]

[26]

(28]

2000, pp.3487-3495

V.Drouot, A.Gannier, J.Goold, “Diving and feeding
behaviour of sperm whales (Physeter macrocephalus)
in the northwestern Mediterranean Sea.” Aquat
mamm. Vol. 30, No.3, December 2004, pp.419-426.
V.Teloni, “Patterns of sound production in diving
sperm whales in the northwestern Mediterranean.”
Mar. Mamm. Sci., vol. 21, No. 3. July 2005, pp.446-
457

N.Jaquet, S. Dawson, L.Douglas, L., “Vocal behavior
of male sperm whales: Why do they click?”. J.
Accous. Soc. Am., vol. 109, No.5, May 2001,
pp-2254-2259.

L.Herman, W.Tavolga, “The communication systems
of cetaceans. In Cetacean behavior.” Edited by. L. M.
Herman. John Wiley & Sons, New York. pp. 149-209.
1990

L.Weilgart, H.-Whitehead, “Coda communication by
sperm whales (Physeter macrocephalus) off the
Galapagos Islands.” Can. J. Zoo. vol. 71, No.4, April
1993, pp.744-752.

W.Watkins, W. Schevill, “Sperm whale codas”. J.
Accous. Soc. Am., vol. 62, No.6, December 1977,
pp-1485-1490.

L.Weilgart, H.Whitehead, “Group-specific dialects
and geographical variation in coda repertoire in South
Pacific sperm whales”. Behav. Ecol. Sociobiol., vol.
40, No.5, May 1997, pp.277-285.

K. Moore, W.Watkins, P. Tyack, Pattern similarity in
shared codas from sperm whales (Physeter catodon).
Mar. Mamm. Sci, vol 9, No.1, January 1993, pp.1-9.
L.Rendell, H.Whitehead, “Vocal clans in sperm
whales (Physeter macrocephalus)”. Proc. R. Soc.
Lond. B., vol. 270, February 2003, pp. 225-231
H.Whitehead, L.Weilgart, S.Waters. “Seasonality of
sperm whales off the Galapagos Islands, Ecuador.”
Reports of the International Whaling Commission,
39,1985, pp.207-210.

V.Drouot, and A.Gannier, “New sperm whale
vocalizations recorded in the Mediterrancan Sea”,
European Research on Cetaceans—13. Proc. 13th Ann.
Conf. ECS, 1999, Valencia, Spain, pp.5-8.
A.Frantzis, R.Swift, D.Gillespie, C.Menhennett,
J.Gordon and S.Gialinakis, “Sperm whale presence
off southwest Crete, Greece, eastern Mediterranean”
Eur Res Cet, April 1999, vol.13, pp.214-217.
L.Rendell, V.Alexiadou, B.Mussi, A.Miragliuolo and
A Frantzis, “Coda diversity in Mediterranean sperm
whales”, In Abstract book: 21st Annual Conference
of the European Cetacean Society, 2007, pp.23-25.
K.N.Laland, “A theoretical investigation of the role
of social transmission in evolution”, Ethol.
Sociobiol., vol.13, No.2, March 1992, pp.87-113.
L.Rendell and H.Whitehead 2004. “Do sperm whales
share coda vocalizations? Insights into coda usage
from acoustic size measurement”. Anim. Behav.,



[32]

[34]

[36]

[37]

[38]

[40]

[41]

vol.67, No.5, May 2004, pp.865-874.

S.T.Buckland, D.R.Anderson, K.P.Burnham,
J.L.Laake, D.L.Borchers and L.Thomas, “Advanced
Distance Sampling”, Oxford University Press,
Oxford, U.K., 2004.

W.A.Beslin, H.-Whitehead and S.Gero, “Automatic
acoustic estimation of sperm whale size distributions
achieved through machine recognition of on-axis
clicks”, J. Acoust. Soc. Am., vol.144, No.6, Dec
2018, pp.3485-3495.

W.M.Zimmer, M.P.Johnson, A.D'Amico and
P.L.Tyack, “Combining data from a multisensor tag
and passive sonar to determine the diving behavior of
a sperm whale (Physeter macrocephalus)”, IEEE J.
Oceanic. Eng., vol. 28, No.1, April 2003, pp.13-28.
R.Carlucci, V.Bandelj, F.Capezzuto, L.Sion,
P.Maiorano, A.Tursi, C.Solidoro and S.Libralato,
“Exploring spatio-temporal changes in the demersal
and benthopelagic assemblages of the northwestern
Ionian Sea (central Mediterranean Sea)”, Mar. Ecol.
Prog. Ser., vol.598, June 2018, pp.1-19.

P.Ricci, S.Libralato, F.Capezzuto, G.D'Onghia,
P.Maiorano, L.Sion, A.Tursi, C.Solidoro and
R.Carlucci, “Ecosystem functioning of two marine
food webs in the North-Western Ionian Sea (Central
Mediterranean Sea)”, Ecol Evol, vol.9, No.18, Sep
2019, pp.10198-10212.

M.Wahlberg, “The acoustic behaviour of diving
sperm whales observed with a hydrophone array”, J.
Exp. Mar. Biol. Ecol., vol.281, No.1-2, Dec 2002,
pp.53-62.

A.Fais, N.A.Soto, M.Johnson, C.Pérez-Gonzalez,
PJ.OMiller and PT.Madsen, “Sperm whale
echolocation behaviour reveals a directed, prior-
based search strategy informed by prey distribution”,
Behav. Ecol. Sociobiol., vol.69, No. 4, Feb 2015,
pp.663-674.

L.S.Weilgart and H.Whitehead, “Distinctive
vocalizations from mature male sperm whales
(Physeter macrocephalus)”, Can. J. Zool., vol.66.
No.9, Sep 1998, pp.1931-1937.

A.Thode, D.K.Mellinger, S.Stienessen, A.Martinez
and K.Mullin, “Depth-dependent acoustic features of
diving sperm whales (Physeter macrocephalus) in the
Gulf of Mexico”, J. Acoust. Soc. Am., vol.112, No.1,
Jul 2002, pp.308-321.

E.M.Nosal and L.N.Frazer, “Sperm whale three-
dimensional track, swim orientation, beam pattern,
and click levels observed on bottom-mounted
hydrophones”, J. Acoust. Soc. Am., vol.122, No.4,
Oct 2007, pp.1969-1978.

B.Mphl, M.Wahlberg, P.T.Madsen, A.Heerfordt and

[45]

[47]

105

A.Lund, “The monopulsed nature of sperm whale
clicks”, J. Acoust. Soc. Am., vol.114, No.2, Aug
2003, pp.1143-1154.

PT.Madsen and M.Wahlberg, “Recording and
quantification of ultrasonic echolocation clicks from
free-ranging toothed whales”, Deep Sea Res. Part I:
Oceanogr. Res. Pap., vol.54, No.8, Aug 2007,
pp.1421-1444.

W. W. L. Au, “The Sonar of Dolphins”, 1993,
Springer, New York

D,M.Wisniewska, M.Johnson, K.Beedholm,
M.Wahlberg and P.T.Madsen, “Acoustic gaze
adjustments during active target selection in
echolocating porpoises”, J. Exp. Biol., vol.215, Dec
2012, pp.4358-4373

M.PJohnson and P.L.Tyack, “A digital acoustic
recording tag for measuring the response of wild
marine mammals to sound”, IEEE J. Oceanic. Eng.,
vol.28, No.1, Apr 2003, pp.3-12.

S.Bellomo, F.C.Santacesaria, C.Fanizza, G.Cipriano,
V.Reno, R.Carlucci and R.Maglietta, “Photo-
identification of Physeter macrocephalus in the Gulf
of Taranto (Northern Ionian Sea, Central-eastern
Mediterranean Sea)”, IMEKO TC-19 International
Workshop on Metrology for the Sea, 2019.
D.W.Rice, “Sperm whale, Physeter macrocephalus,
Linnaeus, 1758”7, Handbook of Marine Mammals,
Academic Press, London, U.K., 1989.



