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Resumo

Os mamiferos marinhos s@o uma familia caracterizada por respirar ar pelos pulmdes, ter sangue
quente, pelo, ter glandulas mamaérias e dar a luz seus filhotes vivos, apresentando adaptactes
para sobreviver em ecossistemas marinhos. Entre eles estdo os cetaceos que incluem dois
grupos: os misticetos que sdo conhecidos como baleias ou cetaceos com barbas, e 0s odontocetos
ou cetaceos com dentes, aos quais pertencem uma grande variedade de espécies, entre elas

golfinhos, botos e cachalotes.

Os golfinhos sdo uma familia representada por pelo menos 37 espécies de tamanho entre
pequeno e médio, com uma grande variedade de morfologias. Sao considerados animais vocais,
pois possuem um sistema auditivo muito sensivel, capaz de detectar uma faixa de frequéncia de
100 Hz ate 150 kHz. Além disso, eles sdo capazes de emitir trés tipos de sons: a) cliques de
ecolocalizacdo, que sdo sons de banda larga de alta intensidade e curta duragéo, b) sons de
pulsacdo em rajadas, que sdo pacotes de pulsos de banda larga e ¢) sons de assobio ou apitos, de
banda estreita geralmente emitida entre 4 e 20 kHz. Neste estudo, foram considerados estes
altimos, os apitos, pois sua emissdo pode estar relacionada a socializacao e alimentagéo. Esses
animais marinhos vivem em grupos e, portanto, sdo animais muito sociais que precisam de
comunicacgdo para se localizar, detectar predadores e evita-los, se reproduzir e cuidar dos seus
filhotes. Nos dltimos anos, o trafego maritimo tem acrescentado muito, assim como outras
atividades antropicas que produzem poluicdo sonora. Isso pode ter efeitos prejudiciais sobre 0s
golfinhos e muitos outros organismos, uma vez que o0 oceano € um mundo de sons. Através das
caracteristicas dos assobios (frequéncia, duracdo, nimero de pontos de inflexdo e forma), um
caminho pode ser tracado para pelo menos para identificar diferentes espécies. Além disso, a
bioacustica esta comecando a ser usada como uma alternativa aos estudostradicionais de barco,
de forma que com hidrofones colocados em areas diferentes, a preferéncia de habitat das
espécies marinhas pode ser rastreada. Desta forma, podemos também melhorar o conhecimento
sobre o comportamento noturno desses animais, ja que a falta de luz torna muito dificil
observar. Devido a migracdo do zooplancton durante o pdrdo sol e consequentemente peixes
que se alimentam dele e sdo presas para os golfinhos, seria l6gico pensar que é uma boa hora
para os golfinhos se alimentarem, mas existem muitos estudosque registam esse comportamento

durante o dia para algumas espécies e a noite para outras.



Muitas espécies estdo distribuidas em todo o mundo, como o roaz-corvineiro (Tursiops
truncatus), o grampo (Grampus griseus) ou as orcas (Orcinus orca). Porém, alguns mostram uma
distribuicdo mais limitada com preferéncias mais costeiras ou mais oceénicas. No Pacifico
Central Mexicano (PCM) podem ser encontradas 14 espécies diferentes de mamiferos marinhos.
Este estudo foca-se em 5 espécies: roaz- corvineiro, golfinho-rotador (Stenella longirostris) e
grampo em aguas ocednicas e o golfinho-pintado-pantropical (Stenella attenuata) e golfinho-de-
dentes-rugosos (Steno bredanesis) que tém habitos costeiros. Este estudo foi dividido em duas
partes: 1) caracterizar e diferenciar os assobios das 5 espécies de golfinhos e 2) determinar a
ocorréncia de golfinhos ao longo do dia e nas diferentes localidades da costa de Manzanillo

(Colima, México).

No primeiro caso, os registos foram obtidos a partir de um barco e com confirmacéo visual da
espécie, além de registar o nimero do grupo dos individuos e se algum tipo de comportamento
se destacou. As gravagdes foram, entdo, visualizadas em um software denominado
“Spectogram”, de onde foram extraidas as caracteristicas dos apitos: frequéncia (inicial, final,
minimo e maximo), duracdo, nimero de pontos de inflexdo e forma. Com esses parametros, uma
andlise estatistica descritiva pode ser realizada para cada espécie. Finalmente, cada uma dessas
caracteristicas foi comparada entre os diferentes tipos de golfinhos para determinar se havia
diferencas entre eles. No caso das espécies costeiras, golfinhos-pintados e golfinhos-de-dentes
rugosos, eles apresentam diferencas em todos os parametros. Em relacdo aos golfinhos
oceanicos, 0 mais destacado foi 0 grampo. Tanto os grampos quanto os golfinhos-de-dentes
rugosos apresentaram baixas frequéncias, duracdo e numero de pontos de inflexdo em
comparagdo com as outras trés espécies. Nao obstante, diferenciar o grampo dos golfinhos-de-
dentes-rugosos pode ser dificil sem confirmacdo visual. Igualment no golfinho-pintado-
pantropical, no roaz-corvineiro e no golfinho-rotador, as suas frequéncias altas sdo muito
semelhantes. As pistas a seguir podem ser tanto o habitat (costeiro ou oceanico) quanto o nimero
de pontos de inflexdo no caso do roaz-corvineiro. Porém, as espécies oceanicas foram fruto de
um Unico encontro, portanto seus apitos poderiam ser influenciados pela presenca do navio,

namero de individuos, presenca de filhotes e outros fatores.

No segundo caso, 0s dados foram obtidos com uma bdia a qual estava ancorado um contentor
hermético que continha o hidrofone e baterias que permitiam uma gravacao entre um e dois
dias. As bodias foram colocadas na entrada das baias, na baia de Manzanillo e na baia de
Santiago. As gravacOes foram analisadas por meio da contagem do ndmero de assobios dos

golfinhos e da detecdo da presenca acustica dos mesmos.
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O registo das horas de chegada e recolha do hidrofone permitiu calcular as horas em que os
golfinhos emitiram sons: de noite ou de dia. A analise dos resultados revelou que a atividade
acustica é a mesma a noite e de dia, de igual jeito que a mesma na presenca: ha golfinhos a noite
e de dia. Quanto as areas, constatou-se que eles tinham preferéncia pela Baia de Manzanillo,
talvez por ser uma area que lhes oferece abrigo e alimentacdo. Dado que as espécies residentes
na area sdo o golfinho-pintado e o roaz- corvineiro, pode-se inferir que s&o os responsaveis pela
emissdo desses sons. Também foi constatado que ndo ha diferencas na atividade acuUstica na
estacdo ou no ano de estudo. Algumas das gravacdes da entrada poderiam até ser consideradas
como sendo de golfinho-de-dentes-rugosos por dois motivos: as frequéncias dos apitos séo
baixas, de curta duragdo, a segmentacdo dos apitos, quase ndo tém ponto de inflexdo, e porque a
equipe do GUIMM Vé esta espécie em torno da area com frequéncia. Portanto, o golfinho-de-
dentes-rugosos e o golfinho-pintado podem ser facilmente diferenciados um do outro, assim
como 0 grampo, roaz-corvineiro e o golfinho-rotador. No entanto, se as preferéncias de habitat
forem eliminadas, diferenciar acusticamente as espécies de golfinhos seria mais complicado. Por
enquanto, a hipotese de que sejam mais ativos acusticamente a noite € descartada, mas eles tém

preferéncias de habitat, sendo a baia de Manzanillo a mais solicitada.

Palavras-chave: golfinhos, acustica, Pacifico Central Mexicano, assobios, parametros



Abstract

The characteristics of the sound communication are key elements of the behavior of
dolphins. Since 2014 the team GUIMM (Grupo Universitario de Investigacion de
Mamiferos Marinos) of the University of Colima was recording and monitoring with
acoustic buoys some populations of dolphins; mainly five species: the bottlenose dolphin
(Tursiops truncatus), Risso’s dolphin (Grampus griseus), Spinner dolphin (Stenella
longirostris orientalis), Rough-toothed dolphin (Steno brenadensis) and the Pantropical
spotted dolphin (Stenella atenuatta) distributed in Mexican Central Pacific (MCP),
specifically in the Colima and Jalisco coasts. This study aimed on whistles analysis to
find differencesbetween species or even within the same species. Method was based on
whistles parameters, such as: frequency (maximum and minimum), duration, and
number of inflection points. Then, a spatial comparison to determine the use of bays by
dolphins, and a seasonal comparison to identify differences in the day/night cycle, as
well as seasons and years, were made. The whistles” parameters allowed to discriminate
two group of dolphin species, 1) those with whistles conformed by higher frequencies
(pantropical spotted dolphin, spinner dolphin, and bottlenose dolphin) and 2) those with
whistles with lower frequencies (rough-toothed and Risso’s dolphins). The spinner and
pantropical spotted dolphins showed similar high frequencies in whistles, therefore they
only can be differentiated by its presence in oceanic and coastal habitat, respectively.
While low frequencies revealed some specific features that allow us to identify
acoustically the different species. Moreover, the acoustic activity of the dolphins seemed
to predominate in 2016 in the winter months, and during nocturnal periods of time. This
allowed us to infer that rough-toothed and spotted dolphin are responsible for most of the
whistles recorded in the region. Bioacoustic has turned out to be a great tool in the
research of cetaceans, mainly to collect enough information to contribute to the

conservation status against anthropic activities.

Key words: dolphins, acoustic, Mexican Central Pacific, whistles, parameters
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1- Chapter 1: General introduction

1.1- Marine mammals

1.1.1 General aspects of Marine mammals
Mammals are vertebrate animals characterized by breathing air through lungs, warm-
blooded, hair, the presence of mammary glands and give birth to alive offspring (Rowe,
1988). In the marine ecosystem, the mammals could play a keystone role (Kiszka,
Heithaus & Wirsing, 2015), specially, those that have special adaptations (e.g., sounds
production to conduct ecological activities) to the aquatic life (Mirceta et al., 2013).
These marine mammals have been divided in three orders: part of Carnivora, which
include pinnipeds, polar bears, and sea otters; Sirenia, for manatees and dugongs; and
Artiodactila, being included whales, porpoises, and dolphins (Perrin et al., 1983;
Gatesy et al., 1999; Perrin, Wisig & Thewissen, 2009).

1.1.2 Taxonomy, biology and ecology of dolphins

Inside the order Artiodactila is the infraorder Cetacea, which include baleen and toothed
whales (Graur & Higgins, 1994; Gatesy et al., 1999). Mysticeti are those cetaceans
whose characteristics are a large size (all whales included in this category), a doubled
blowhole to breathe air, a symmetrical skull,a sternum composed by a single bone, and
presence of baleens instead of teeth hanging from upper mandible. On the other hand,
Odontoceti have a small to medium size (with the sperm whale, being the exception,
reaching 16-18 m of total length), these organisms have teeth, a single blowhole, an
asymmetrical skull, a sternum composed by three or more bones, a complex system of
nasal sacs, and the presence of the melon, an organ to echolocate (Jefferson et al., 1993).
They are represented by 75 species, being the Delphinidae family the most abundant
with 37 species (Committee of Taxonomy, 2018). Dolphins are small to medium size,
being the Hector’s dolphin (Cephalorhynchus hectori)the smallest with 1.2-1.5 m, and
the killer whale (Orcinus orca) the biggest with 8 m of total length.

Prey preferences of dolphins are mainly fish and cephalopods, but some of them can
predate other marine mammals. One example of this feeding behavior is the killer whale
that can hunt pinnipeds, and from small cetaceans such as porpoises, up to big whales
(Silber & Newcomer, 2015).



The dolphins™ gestation period is variable among species, for example common
dolphins, Delphinus delphis, is around 10 months (Harrison, 1969), and for pilot whales,
Globicephala melas, is approximately of 16 months (Frazer & Hugger, 1973). The
sexual maturity ranged from 3 years in common dolphins to 16 years in Killer whales
(Kleinenberg, 1956; Christensen, 1982). The exclusive lactation period could range from
three (pantropical spotted dolphin, Stenella attenuata and striped dolphin Stenella
coeruleoalba) to 11 months (bottlenose dolphin, Tursiops truncatus) and the number of
calves is maximum of one each reproductive season (Kasuya, Miyazaki & Dawbin,
1974;Miyazaki, 1977; Leatherwood, Deerman & Potter, 1978).

1.1.3 Target cetacean species

Some dolphin species show a worldwide distribution, i.e., the bottlenose dolphin, Risso’s
dolphin (Grampus griseus) and killer whale (Carwardine, 1995). However, most of the
species show a limited distribution with coastal or oceanic preferences. In the Mexican
Central Pacific (MCP), species usually found in oceanic waters are bottlenose dolphin,
spinner dolphin (Stenella longirostris orientalis), and Risso’s dolphin. While species
found in the coastal waters are pantropical spotted dolphin, and rough-toothed dolphin
(Steno bredanensis) (Ortega-Ortiz et al., 2013).

1-  Spinner dolphin (Stenella longirostris orientalis; Gray, 1828)
The spinner dolphin (Fig.1.1A) is a relatively small species, with a slimhead, and
with an extremely long, thin beak. Its dorsal fin can be ranges from a bit falcate to
erect and triangular. This dolphin shows a monotone gray colour pattern ofthe body,
with only patches in the genital area and axillae. Adult females measure
1.71 m and adult males 1.76 of total length, with a weigh of at least 82 kg (FAO,
1993; Jefferson et al., 1993).

2- Bottlenose dolphin (Tursiops truncatus; Montagu, 1821)
This dolphin species (Fig.1.1B) is one of the largest animals from the family, it is a
relatively robust dolphin. Its beak is considered from short to moderate size, which
is separated from the melon by a crease. The dorsal fin is set near the middle of the

back and is tall and falcate. The fluke is broad and has a mediannotch.



Colour pattern of the body varies from light to dark gray or black on the dorsal
region and sides, being fading to white on the belly (FAO, 1993; Jefferson et al.,
1993). Adults range from 1.9-3.8 m of total length, with males being larger than
females and weighing at least 650 kg. Usually, adults have a lot of scarsand are

darker than the calves or juveniles (Harzen & Brunnick, 1997).

Risso’s dolphin (Grampus griseus; Cuvier, 1812)

Risso’s dolphins (Fig.1.C) have a robust body and are blunt-headedanimals with a
squarish profile and without distinct beak. The mouth lines have a slope upward
and they have a vertical crease on the front of the melon, important feature to
recognize them. Before the flippers these dolphins present a whitish anchor-shaped
patch. Adult’s total length is around 3.8 m and its weigh range from400 to 500 kg
(FAO, 1993; Jefferson et al., 1993). The colour pattern of the body varies with

age, being silvery gray when they are calves to pale gray as juveniles, and finally

almost white for mature individuals (Hartman, Fernandez & Azevedo, 2014).

Fig. 1.1 A) The spinner dolphin (Stenella longirostris orientalis), B) the bottlenose dolphin
(Tursiops truncatus), C) the Risso’s dolphin (Grampus grisseus), which have been registered on
the oceanic region of the Mexican Central Pacific. Photo credits: GUIMM.



4- Pantropical Spotted dolphin (Stenella attenuata; Gray, 1846)
Generally, the spotted dolphin (Fig.1.2) is a slender animal with a longthin beak that
is separated from the melon by a distinct crease. The dorsal fin is narrow, falcate,
and rounded at the tip. The flippers are very slim, and curves and the fluke are
unremarkable. The colour pattern of the body is dark grey on the dorsal cape with
degrees of white mottling, which is narrow in the head and growth in front of the
dorsal fin. Adults reach between 1.6-2.4 m (female) or 1.6-2.6 (male) of total
length, and the maximum weight is around 119 kg (Leatherwood, 1993; Jefferson et
al., 1993). Although it is known that this species is dominant in the MCP region

(Kono-Martinez et al., 2017), there is not a lot of information about its ecology.

SR

Figl.2. Rough-toothed dolphin (Steno bredanensis) (left) and pantropical spotted dolphin
(Stenella attenuata) (right) registered on the coastal region of the Mexican Central Pacific.
Photo credits: GUIMM.

5 Rough-toothed dolphin (Steno bredanensis; Lesson, 1828)

Rough-toothed dolphin (Figl.2) is characterized by a robust body with a long
conical head without demarcation between the melon and the long beak. Large
flippers in comparison with the body size of the animal, and they are set fartherback
on the body than other species of dolphins. The dorsal fin is prominent and a little
bit falcate (FAO, 1993; Jefferson et al., 1993). Colour pattern of the body is
generally dark or dark brown; while lower jaw and belly are usually blotched with
white patches, and with a pinkish tinge. Adults reach about 2.65 m of total length
(males are a little longer than females) and weight up to 155 kg (FAO, 1993;
Jefferson, Leatherwood & Webber, 1993). This species is found usually in oceanic
waters (Miyazaki, 1994) or in insular environments (Baird et al., 2008).
Nevertheless, in some regions from the world they occurred on coastal waters, e.g.,
in Colima and south of Jalisco, Mexico (Ortega-Ortiz et al., 2014a; Figueroa-Soltero,
2017).



1.2 Ecological importance of sounds in dolphins

Dolphins have been considered as acoustic animals, they have an auditory system really
sensitive, which is able to detect a range of high frequencies from 100 Hz until 150 kHz
(Johnson, 1967; Szymanski et al., 1999). Besides, all dolphin species can create three
different kind of sounds: a) echolocation clicks, which are broadband sounds of high
intensity with short duration, and sometimes, dolphins produced them in rapid succession
and they are known like “click train” (Au, 1993; Gridley et al., 2015); b) burst pulses,
which are broadband packets of pulses that due their high repetition is like fast click series
showed in the spectrogram as harmonic bands, listened as continuous sounds by humans
(Herzing 2000; Gridley et al., 2015); and finally ¢) whistles, are narrow-band sounds with
frequency modulated (Diaz-Lépez & Shirai, 2009), and usually they are emitted in a
range between 5 and 20 kHz (Caldwell, Caldwell & Tyak, 1990; Murray, Mercado, &
Roitblat, 1998). These sounds increase also during social and feeding behavior (Acevedo-
Gutiérrez & Stienessen, 2004).

The discovery of the echolocation in the sixties” decade induced the research to wonder:
How the sound is produced and why dolphins emitted sound? The dolphin sonar is an
emission of clicks that allow them to draw “map” of the marine environment and to detect
prey (Ketten, 1992). Classically, burst pulses could be related with aggressive social
behavior and to help the male in the courtship in order to have the female closer
(Overstrom, 1983; Smolker & Connor, 1996), and also it could be used during feeding
activities (Arranz et al., 2016). On the other hand, whistles are used for foraging and in
2005, Douglas Nowacek showed that the emission of whistles was highest in alone
dolphins that in grouped individuals. In addition, these kinds of sounds are emitted more
frequently while they are feeding, and when there are sharks in the area (Acevedo-
Gutiérrez & Stienessen, 2004).

On the other hand, the nocturnal behavior in wild dolphins continue being mysterious. It
is known that thenocturnal migration of zooplankton (Marlowe & Miller, 1975) causes
a vertical displacement for intermediate trophic level species, mainly composed by fish
and cephalopod (Gibbs & Roper, 1971; Roe & Badcock, 1984); consequently the
foraging activity by some dolphins species increases (Norris et al., 1994; Sazima, Sazima
& Silva-Jr, 2006), which is related with the interaction with other individuals and the

acoustic activity.



Remains of cephalopods beaks and nocturnal or crepuscular species of fishes were
found in stomach contents of common dolphin, spinner dolphin, and spotted dolphin;
results that have suggested that dolphins mainly hunt during night periods (Norris &
Dohl, 1980; Wang et al., 2003; Pusineri et al., 2007 ; Benoit-Bird & Au 2009;Marcalo
et al., 2018).

1.3 Scientific studies of dolphins in Mexico, particularly in the
Mexican Central Pacific

Mexico is located between the two bigger oceans of the world, the Atlantic and the
Pacific; therefore, it supports a large diversity of marine fauna. The taxonomic group with
a major diversity for marine masto-fauna are the cetaceans, which are represented by 40
species, most of them being dolphins (Torres et al., 1995; Ceballos, 2016). First studies
in the Eastern Tropical Pacific (ETP), region extended along the Pacific Coast of the
Americas, were focused on the relation between dolphins and fisheries of tuna (Hyde,
1979; Wade & Gerrodette, 1993), besides of changes in its distribution (Reilly, 1990).
Although, most of studies about basic ecology, i.e., distribution, abundance, photo-
identification, movements, feeding activity, among others, have been conducted in the
Gulf of California and the Gulf of Mexico (Acevedo, 1991; Ballance, 1992; Griffin &
Griffin 2003; Rosel et al., 2011). For the MCP region studies about dolphins are scarce;
only one study about morphometry and sexual dimorphism of spotted dolphin from

Banderas Bay had been conducted (Sanvicente-Afiorve et al., 2004).

However, recently research effort has been increased, because several ecological aspects
of the spotted dolphins are being studied, i.e., distribution, abundance, and trophic niche
(Diaz-Torres et al., 2022), and skin diseases (Rojas-Cortes, 2019). While for rough
toothed dolphin only, some highlights about its feeding activities (Ortega-Ortiz et al.,
2014a) and its spatial ecology have been investigated. Also, the recent pressure in the
Mexican coast due to an increment in the touristic and commercial ship traffic, the interest
in this kind of studies also is increasing (Ortiz-Lozano et al., 2005; Sanchez-Cabeza &
Druffel, 2009; de la Esperanza et al., 2017;). Furthermore, in terms of acoustic,
anthropogenic noise can be detrimental in these animals in terms of stress, change in its
migrations, masking of their communication, disorientation, hearing loss temporary or
permanent, and massive stranding (Hildebrand, 2004; Lusseau, 2005; Weilgart, 2007a:

Weilgart, 2007a), which deserves further attention.



Furthermore, most of studies in the Pacific Ocean about dolphin bioacoustics have been
conductedin offshore waters, predominating in the south of USA (Oswald, Rankin, &
Barlow, 2008; Rankin et al., 2008; Barkley et al., 2011;). The absence of studies about
the acoustic in the coast of the MPC region reveal that more investigationsare needed.

1.4 Acoustic parameters

1.4.1 Bioacoustics definition

Bioacoustics is the science that studies the sound in relation with the behavior of animals
(Salamon et al., 2017). The transmission of the sound in water is much efficient due to
its properties than in air, reaching a velocity of 1,500 m/s (Nummela & Thewissen |,
2008; Vigness-Raposa & Scowcroft, 2012). This physical feature has been a culminant
factor for the adaptation of several marine animals. Dolphins are animals completely
adapted to the marine environment; they use sound through specific signals to survive
(Vauclair, 1996). Dolphins use soundsto navigate, to locate prey, to hunt, to mate, and to

communicate (Dudzinski, 1996).

1.4.2 First studies of bioacoustics in dolphins

First bioacustical studies were conducted in animals in captivity, usually with the
bottlenose dolphin because this species shows a cosmopolitan distribution, mainly on
coastal waters, therefore maneuvers to capture them have been easier (Perrin, Wisig &
Thewissen, 2009). Dolphin sonar was recognized by McBride in 1947 and it was
demonstrated using captive experiments in 1956 by Schevill and Lawrence (Ridgway,
1983). Studies with wild dolphins begun since the seventy decades, particularly with the
bottlenose dolphin echolocalization to determine the range and the propagation of one
particular sound: the clicks (Au et al., 1976; Murchison, 1976). However, controlled
conditions of acoustic experiments in swimming pools have given researchers facilities

to understand communication between dolphins.

The most common studies have been about the acoustic signature that reveal each
individual (Caldwell & Caldwell ,1965) and in relation to age-class or between mother

and calf, using methods of positive reinforcement (Wahlberg et al., 2011).



In 1985 at the Sealand, an aquarium, Peter Tyack tried to find whistle signature with two
captive bottlenose dolphin individuals. Using a machine called “vocaligh” that was
attached in the head of the dolphin with a suction cup. The vocaligh have LEDs with
different colors, green and red, for the two different dolphins with the objective of
discriminate which sound come from each animal (Tyack, 1986). Years later,
investigations were amplifying to other species of wild dolphins. In 2005, Chritiane
Ansmann showed that whistles of common dolphin from Celtic Sea varied according
encounters, behavior, and group sizes; and proved that frequencies were different from
English Channel (Ansmann, 2005). In the case of killer whales were demonstrated that
the parameters of whistles are more complex than other species and showed harmonical
sounds (Thomsen, Franck & Ford, 2001). On the other hand, whistles emitted by spotted
dolphin in South Atlantic Ocean were described for the first time in 2010, and

modifications of whistle structure depending of behavior showed (Azevedo et al., 2010).

1.4.3 Production and emission of sounds

Dolphins” sounds (clicks, burst pulses, and whistles) (Diaz Lépez & Shirai, 2009;
Vigness-Raposa & Scowcroft, 2012) are produced in their specific nasal structures
located in the head, which are conformed by several anatomical structures: 1) the melon,
a compound bulbous fatty organ that contributes to focus sounds (Varanasi, Feldman &
Malins, 1975; Liste et al., 2006); 2) air sacs, are oval structures located between the
trachea and the blowhole and could be used to produced sound or breathe (Fraser &
Purves, 1960);

3) phonic lips, are membranes located in 3-2.5 cm below of the blowhole in the both
sides of the nasal complex (Cranford, Amundin, & Norris, 1996; Cranford et al., 2011);
4) auditory bulla, is a bone that contain the middle and inner ear (McCormick et al.,
1970); 5) lower jaw divides in two bones, which is composed by adipose tissue (Maxia
etal., 2007), and 6) cranial asymmetry, which gives the directional audition very accurate
and facilitates echolocation (Fahlke et al., 2011) (Fig.1.3).
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(phonic lips) »
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Sound generator: The Monkey Lips/Dorsal Bursae Complex (MLDB)

Fig.1.3. Cranial anatomy of Tursiops truncatus. In red, the auditory buoy; in green, the melon; in
blue phonic lips. In addition, the air sacs and the low jaw (“panbone”) are showed. Image modified
from Cranford et al. (1996).

The production sound mechanism was classified into three categories: friction,
pneumatic, and cavitation (Cranford, 2000). Nowadays the hypothesis more accepted is
the pneumatic mechanism, although, some advances in the compression of the production
of sound were performed. It is suggested that the clicks are produced with the right phonic

lips; while the whistles are produced with the left pair of phonic lips (Au et al., 2012).

1.4.4 Whistles characterization

Whistles are considered the way of communication in dolphin species, therefore there
are a lot of studies about them (Janik & Slater, 1998; Seabra de Lima et al., 2012; Elwen
& Gridley, 2017; Erbe et al., 2020; La Manna et al., 2020). Each whistle sound has its

own characteristics:

1. Frequency: number of completes oscillations in unit of time (Gayo, 2006),
with the Hertz (Hz) as unit of measurement. Human range frequency is
between 20 Hz and 20 kHz (Munar et al., 2002); while in whistles
dolphins’ range of frequency emission are found between 4 and 40 kHz
(Caldwell, Caldwell& Tyak, 1990; Erbe et al., 2017).

2. Duration: time interval between the initial time (moment when a whistle

starts) and the final time (moment when the same whistle ends).



3. Inflexion points: it shows the change in the concavity of one whistle.

4. Shapes: whistles have different forms and can be classified following
Diaz-Lopez (2011) in: “Rise” (whistle without inflexion point and
ascending frequencies), “Fall” (whistle without inflexion point and
descending frequency), “Wave” (whistle with one inflexion point and with
frequencies ascending-descending), “U-Shape” (whistle with one inflexion
point and frequencies descending-ascending), “Flat” (whistle without
inflexion point and almost constant frequency), “Sine” (whistle with one or
two inflexion point), and “Multi-loop” (whistle with more than two

inflexion point) (Fig.1.4).
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Fig.1.4. Whistle of bottlenose dolphin from a Sardinia record (Italy), which shows
a multiloop shape (diagram from Diaz-Lopez, 2011).

The bottlenose dolphin has been considered as a “model” to study acoustics, however,
it is necessary to increase research that contribute with acoustic repertoire for other

dolphin species, and its ecological implications.

2- Justification

Cetaceans play an important ecological role into the marine food chains as top
predators. The dolphin adaptations to the marine ecosystem have enhanced several
biological-ecological activities as communication, breeding, feeding, and navigation.
Bioacoustics is a research line that increase the knowledge about ecology of these

species.
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In Mexico, acoustic studies directed to cetaceans are scarce; particularly for the MCP
(Mexican Central Pacific), ecology studies about dolphins are almost null. Recent
research has been focusing on several ecological parameters for spotted dolphin, but

other dolphin species that share the same region have not been studied.

It is necessary a research focus on the description of acoustic parameters for sound types
generated by dolphin species distributed in coastal waters of the MCP region, such as the
spotted dolphin, the rough-toothed dolphin, the bottlenose dolphin, the spinner dolphin
and other occasional species like the Risso’s dolphin, in order to understand the
importance of the region for ecological activities of these protected species by national
and international laws. Besides, in this region the coastal development is increasing;
thereby, anthropogenic activities could cause a noisy environment, which could be a

potential disturbance for marine fauna.

3- Hypothesis

Could acoustic activity (whistles) be different among dolphin species in the MCP
region, with a differential occurrence along the Colima coast? Will this activity

increase during nocturnal periods?

4- Objectives
General Objective

To investigate acoustic activity of dolphin species from Mexican Central Pacific (MCP)

Particular Objectives
1. To characterize acoustic parameters of whistles produced by dolphin species
from MCP region

2. To discriminate whistles differences between dolphins from MCP region

3. To determine the occurrence of the acoustic activity of dolphins among sites
of Colima coast
4. To describe the occurrence of the acoustic activity of dolphins during

day/night cycles in the Colima coast.
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Chapter 2: Whistle’s characterization of dominant dolphin species

distributed in the waters of the Mexican Central Pacific

2.1 Introduction

Communication is the exchange of information between individuals and plays an
important role in the ecology of many marine species ( Diaz L6pez & Shirai, 2009; Fouda
et al., 2018). Dolphins are one of the most vocal and social group of marine mammals
(Lammers, Au & Herzing 2003; Committee on Taxonomy, 2018). It was thought that
dolphin species showed a frequency range of whistles emission between 4 and 20 kHz
but recent studies revealed that could be emitted until 40 kHz (Caldwell, Caldwell &
Tyak, 1990; Erbe et al., 2017), while they are able to detect sounds in frequencies from
100 Hzuntil 150 kHz (Johnson, 1967; Szymanski et al., 1999).

The acoustic repertoire of the bottlenose dolphin (Tursiops truncatus) has been the most
studied because this species shows a worldwide coastal distribution, and it also show a
high adaptation to captivity (Overstrom, 1983; Tyack, 1986; Harzen & Brunnick, 1997;
Nowacek, Wells & Solow, 2001; Cotter, Maldini & Jefferson, 2012). Considered as a
model, research of the bottlenose dolphin acoustics had revealed different types of sounds
characterized by the frequency and the shape: clicks, burst pulses and whistles (Van
Parijs, Parra & Corkeron, 2000; Thomas, Fristrup & Tyack, 2002). Clicks are broadband
sounds of high intensity with short duration (Au, 1993; Gridley et al., 2015); broadband
packets of pulses are known as burst pulses (Herzing, 2000; Gridley et al., 2015); and
whistles are tonal signals with frequency modulated, usually not exceed 20 kHz (dos
Santos et al., 2005; Diaz-Lépez & Shirai, 2009; Azevedo et al., 2010). The use of these
types of sounds by wild dolphin species is unknown, due to the difficulties to obtain data
at sea, followed by their analyses and interpretation. But it has been suggested that some
acoustic repertoire is related with social and feeding behavior (Acevedo-Gutiérrez &
Stienessen, 2004). On the other hand, the increase of the noise pollution in recent years
in all oceans aroundthe world, is a current concern because the noise produced by ships
could produce that dolphins” species changes their repertoire of sounds (Tyack, 2008;
Peng, Zhao & Liu, 2015; Rodrigo-Saura et al., 2019). For example, some studies have
evidenced modifications in whistles characteristics, particularly an adjusting of the
frequencies, due to the “masking” related with the ship noise ( Jensen et al., 2009;
Heiler et al., 2016; Fouda et al., 2018).
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However, to obtain a complete evaluation about this disturbance agent, more scientific
evidence on this topic is needed, mainly improved knowledge regarding the baseline

information about acoustic of dolphins.

Particularly for whistle sounds, several characteristics have been described, i.e.,
frequency, duration, number of inflexion points, and shape. According to Diaz-Lopez
(2011), the shapes of whistles are divided in seven categories: “rise”, “fall”, “wave”, “u-
shape”, “flat”, “sine” and “multi-loop”. Characterization of whistles have allowed to
show differences or similarities in the same species due to the social separation, habitat
division and the connectivity of populations (May-Collado & Wartzok, 2008; Lima et al.,
2020). Besides, the whistles shape could be a clue to identify different groups of dolphins
(Datta & Sturtivant, 2002), and it could variate depending on the individual behavior
(Diaz Lopez, 2011). For example, in captivity, it was demonstrated that pregnant females
produced a high emission of whistles, potentially to prepare the calf to recognize the
mother’s signature whistle in the postpartum, something crucial to survive (Mello &
Amundin, 2005). Also, groups research showed that in conditions of travel speed,
common dolphin (Delphinus delphis) increases the number and complexity of sounds
(Henderson et al., 2012).

Acoustical identity is given by the whistle signature based on the frequency modulation
pattern used to playing a role of individual recognition (Sayigh et al., 1999; Janik &
Sayigh, 2013). Thereby, current research has been directed to try to discriminate signature
of whistles among individuals, groups, and dolphin species (Oswald et al., 2007; Esch,
Sayigh & Wells 2009; Azevedo et al., 2010; La Manna et al., 2019). In this way, it is also
known that dolphins can recognize and response to whistle signature from other
individuals from the same pod (Sayigh et al., 1999). Moreover, some research suggests
that whistles differentiation among dolphin wild pods is feasible, with the condition that
the pods must be small (Janik, Sayigh, & Wells, 2006; Quick & Janik, 2012). However,
other research suggests that whistles of dolphins are not similar even though they are
from thesame family or pod, because immature individuals select sounds from sporadic
individuals to make the whistle signature (Fripp et al., 2005; Janik et al., 2006).
Additional research was performed with 17 residents Indo-Pacific bottlenose dolphins
(Tursiops aduncus) in Australia, to match the whistles™ signature with photo-identified
individuals resulting in a two hierarchical cluster trees, but without achieving an unique

match (Erbe et al., 2020). Likewise, differences in whistles for Atlantic spotted dolphins
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(Stenella frontalis) from coastal and offshore pods have been reported (Baron et al.,
2008). All these particular examples show that, whistle differences between individuals

are one of the most difficult tasks to conduct with wild dolphins.

Given the previous background, it is evident that more research on dolphin acoustics is
needed. The study of acoustic differences among species should be actually prioritized
ahead of other particular studies (i.e., among pods or individuals). In this context, whistle
signatures for short-beaked common dolphin (Delphinus delphis), Pacific spotted dolphin
(Stenella attenuata), and Pacific white-sided dolphin (Lagenorhynchus obliquidens) have
been described (Caldwell & Caldwell, 1968; Caldwell & Caldwell, 1971; Caldwell,
Caldwell & Miller, 1973), but these have not been compared. Instead, Simdes Amorim
et al. (2019) found differences in a descriptive approach of the repertoire of whistles for
eight species: spinner dolphin (Stenella longirostris), Atlantic spotted, rough-toothed
dolphin (Steno bredanensis), Risso’s dolphin (Grampus griseus), bottlenose dolphin,
short-beaked common dolphins, killer whale (Orcinus orca) and long-finned pilot whales
(Globicephala melas). More recently, Gannier et al. (2020) conducted an acoustic study
to differentiate between common dolphins and Atlantic spotted dolphins in Azores.

With the hypothesis that parameters of whistles will be easily differentiable among
dolphins” species from the Mexican Central Pacific (MCP), a region that shows a relevant
coastal development and is also an habitat of several species of marine mammals (Wade
& Gerrodette, 1993; Ortega-Ortiz et al., 2013); this research is the first acoustic regional
approach to characterize and differentiate whistles emitted by five species: Pacific spotted
dolphin, rough-tooted dolphin, both with a coastal distribution (Ortega-Ortiz et al., 2014a;
Kono-Martinez et al., 2017), and bottlenose dolphin, spinner dolphin and Risso’s dolphin,
which have not been studied in the region, but considered mainly from oceanic habitats.
Our potential results will contribute to describe the habitat use of these protected species
in the MCP region, in order to obtain the basic knowledge for future conservation

strategies.

2.2 Methods
2.2.1 Study area

Surveys were conducted along the Colima, Jalisco, and Michoacan coasts considering as
a limit Cabo Corrientes towards north (Jalisco), and Maruata towards south (Michoacén)
(Fig.2.1).
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This area is known as part of the Mexican Central Pacific (MCP) which is influenced by
two ocean currents: the California and the Mexican Coastal (De la Lanza, 1991; Gomez-
Valdivia et al., 2015).
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Figure 2.1. Study region in the Mexican Central Pacific (MCP) that includes the coast
of three states: Jalisco, Colima and Michoacan.

2.2.2 Data collection

During 2013-2019 the research team (Grupo Universitario de Investigacion de
Mamiferos Marinos, GUIMM) of the Faculty of Marine Sciences (FACIMAR) of the
University of Colima, conducted surveys on board of Facimar |1, the University vessel,

with 7.9 m in length and equipped with a 75hp four strokes engine.

Boat surveys were non-systematic during sun light, taking a mean of 8:39 + 1:43 hours
of travel, in the coasts of the MCP region to look for dolphins. Data collection was
carried out by the crew, composed of five people, through direct observations when the
visibility was not reduced by rain or fog. For each dolphin encounter the following data
were collected: time, date, geographic location (registered by a Garmin map 76CS global
positioning system), species identification, group size estimation, and behavior
activities. Additionally, photographs and acoustic recordings were taken. Photographs
were taken using a digital camera Canon EOS 60D, to distinguish morphological

features to support species identification.
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After taking photographs or simultaneously, acoustic data was recorded manually with
a unidirectional hydrophone (0.020-45 kHz; re1V/uPa=-169) with a maximum deep of
6-7 meters and connected to the digital recorder (Zoom H1, sampling rate: 48kHz).
Depending on the acoustic activity or the behavior of dolphins, the duration of

recordings could change. The vessel’s engine was stopped for acoustic data acquisition.

2.2.3 Data analysis

The recordings obtained were downloaded in a computer for analysis with a specific
software called Spectogram version 6.2.3.

It faces the duration of the recording (abscissa axis) with the sound frequency (ordinate
axis). Parameters were selected for the frequency at which these dolphin species emit, in
this case, the maximum (30.470 Hz) allowed by the software.

The most important part of the analysis was to discriminate whistles, from those sounds
emitted from other sources. For this, firstly the whistles with the best quality were
selected, through the extraction of its main characteristics. The shape, frequencies, and
even the sound itself were the key to discriminate dolphins’ whistles from the
environmental noise. Therefore, recordings were only selected when they showed

medium or low background noise (i.e., less than 7 kHz).

Recordings were heard and displayed minute by minute in 10-second windows. In order
to identify the whistles, the shapes classification given by Diaz-Lépez (2011) was
considered: “Rise” (without inflexion point and ascending frequencies), “Fall” (without
inflexion point and descending frequency), “Wave” (with one inflexion point and with
frequencies ascending-descending), “U-Shape” (with one inflexion point and frequencies
descending-ascending), “Flat” (without inflexion point and almost constant frequency),
“Sine” (with one or two inflexion point), and “Multi-loop” (with more than two inflexion
point). Besides, the identification and exclusion of a harmonic (i.e., the repetition of the
same whistle at different frequencies) was considered to avoid bias (Diaz-Lopez, 2011).
Whistles overlapping could be registered in some cases, when they interfere with the
extraction of the desired characteristics. In addition, "fractured" sounds were found,
which may or may not belong to the same whistle. To discriminate it, temporal
separation between sounds was not more than 3 ms to consider the same whistle. In

cases where limit time was exceeded, it was considered as two independent whistles.
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All whistles were identified in Spectrogram visually and acoustically, which is known
as double confirmation; then, whistles with good quality were those with the entire
contour visible (May-Collado & Wartzok, 2008). Consecutive repetition of the same
whistle structure which are known as “bout” was also tabulated. In these cases, the data
was extracted with the best whistle and the other repetitions were assumed to have the
same characteristics. When the time between whistles was greater than 10 s, it was

considered a new whistle or a new “bout”.

2.2.4 Determination of the characteristics of whistles

In whistles with good quality, the extraction of their characteristics was performed, these
being: start time, end time, and number of inflection points, and duration (from initial

time to final time).

These variables were chosen because they can be easily measured from a spectrogram
and to allow comparisons with results of previous studies of any dolphin species.
Frequency (Hz) of whistles in this study was described with these values: maximum and

minimum (Diaz-Lopez, 2011). All these characteristics could allow to determine

differences between whistles from dolphins” species (Steiner, 1981).
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Figure 2.2. Spectogram screen that show four whistles in which the time and the frequency are
surrounded in red. Harmonic is surrounded in white and two different bouts are shown.

The extraction of these characteristics was carried out manually by placing the pointer in
the screen where the whistle begins until it ends; except to estimate the maximum

frequency and minimum that was placed in the precise part of the curve.
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In the lower part of the screen the program data was extracted giving us the time and
frequency, to create the database in Excel.

2.2.5 Statistical analyses

Summarized data (mean, SD, and sample number) and statistics analysis were performed
with the software SPSS. Normality of the data in all the variables for each species was
tested with the Kolmogorov-Smirnov, except for the bottlenose dolphin due to the low
number of samples (n=30); in this case the test used was the Shapiro-Wilk.

Levene test gave the evaluation of the homogeneity of variance. To determine if there
were significant differences in the whistle’s parameters among species, it was used the
Kruskal-Wallis (H) test. A post-hoc Tukey test was performed to evaluate differences in
characteristics and species. A x? test was performed to detect differences in whistles
shape. Spearman test was performed to check the relation between the acoustic activity

and the number of individuals.

2.3 Results

During 145 survey days a total of 439 dolphin encounters were recorded, in which 166
times the hydrophone was launched. Thus, a total of 26 acoustic records with dolphins
sounds were collected, mainly for coastal species: spotted dolphin with 17 records and
rough-toothed dolphin with four records; although for oceanic species (spinner,
bottlenose, and Risso’s dolphin) one or two records were obtained as a reference of each
species for the comparative section. This acoustic effort summed up 1 hr and 40 min of
dolphin sounds, and 1,297 whistles were obtained and analyzed. A preliminary analysis
showed that there is a poor correlation between the number of the individuals in a
dolphin group and the whistling activity (r = 0.5168; P>0.05; n = 25).

2.3.1 Whistle parameters

Summarized descriptive statistics (mean, the standard deviation and the number of
whistles) is presented in Table 2.1. Spotted dolphins showed the largest number of
whistles registered (n=753), while bottlenose dolphins showed the lowest number (n=30).
Higher start frequency was emitted by spinner dolphins (11,408 Hz), while rough-toothed
dolphin showed the lowest value (8,071 Hz, Table 2.1), with this difference being
significant (q= 6.287; P<0.05, Table 2.2).
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Higher final frequency also was emitted by spinner dolphin (13,400 Hz), and again rough-
toothed dolphins produced the lowest final frequency (8,569 Hz), being this difference
also significant (q= 6.287; P<0.05). About the maximum and minimum frequency emitted
during the whistles production, bottlenose dolphins showed the highest maximum
frequency (15,422 Hz), which was significantly different to values emitted by rough-
toothed and Risso’s dolphins (9,676-9,869 Hz) (gq= 6.287; P<0.05); and also, bottlenose
dolphins showed the lowest value of minimum frequency (7,071 Hz), which was
significantly different to values emitted by spotted and spinner dolphins (9,165-9,989 Hz)
(g=6.287; P<0.05). Likewise, bottlenose dolphin presented the longest whistling duration
(903 ms), and the highest number of inflexion points (2); both results were significantly
different to values from other dolphin species (q= 6.287; P<0.05, Table 2.2).

Table 2.1. Whistles characteristics registered for different dolphins’ species from Mexican Central
Pacific. Mean and the standard deviation of the start frequency (Start.F), final frequency (Final.F),
maximum frequency (Max.F), minimum frequency (Min.F) (all of them in Hz units); duration (ms)
and number of inflexion points (N.I.P.).

Species Start.F(Hz) | Final.F(H2) Max.F(Hz) | Min.F(Hz) | Duration(ms) N.LP.
S. atenuatta

(n=753)

Mean 10,973 13,068 14,768 9,165 615 0.71
SD +4,032 +4,337 +4,134 12,949 +518 +0.87
S. bredanensis

(n=254)

Mean 8,071 8,569 9,676 7,174 371 0.44
SD +3,547 +3,499 +3,917 +2,828 +345 +0.76
G. griseus

(n=62)

Mean 8,728 9,096 9,869 7,725 487 0.56
SD +2,265 12,097 2,114 +1,917 +1,156 +0.67
T. truncatus

(n=30)

Mean 10,029 8,846 15,422 7,071 903 2
SD +3,634 13,275 13,120 +1,776 +619 25
S. longirostris

orientalis

(n=198)

Mean 11,408 13,400 14,765 9,989 609 0.76
SD +3,620 13,994 13,688 12,803 +361 +1.26
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Table 2.2 Tukey p-value results for whistles characteristics: start frequency (Start.F), final frequency
(Final.F), maximum frequency (Max. F), minimum frequency (Min. F), duration and number of inflexion
points (N.1.P.) of (Steno bredanensis (Sb), Stenela attenuata (Sa), Stenella longirostris orientalis (Sl),
Grampus griseus (Gg), Tursiops truncatus (Tt)). * Indicates significant differences.

Species Start.F Final.F Max. F Min. F Duration N.L.P.
Sb/Sa 0.000* 0.000* 0.000* 0.000* 0.000* 0.002*
Sb/SI 0.000* 0.000* 0.000* 0.000* 0.000* 0.005*
Sb/Gg 0.000* 0.888 0.997 0.648 0.511 0.902
Sb/Tt 0.059 0.997 0.000* 1.000 0.000* 0.000*
Sa/Sl 0.607 0.840 1.000 0.003* 1.000 0.953
Sa/Gg 0.000* 0.000* 0.000* 0.001* 0.341 0.812
Sa/Tt 0.670 0.000* 0.900 0.001* 0.025* 0.000*
SI/Gg 0.000* 0.000* 0.000* 0.000* 0.488 0.639
SI/Tt 0.345 0.000* 0.914 0.000* 0.033* 0.000*
Go/Tt 0.538 0.999 0.000* 0.839 0.003* 0.000*

In addition, spotted dolphins showed similarities with most whistle’s characteristics of
spinner dolphins (q= 6.287; P>0.05, Table 2.2); thereby, whistle repertoire of spotted
dolphins was significantly different (= 6.287; P<0.05) to the other dolphins with coastal
distribution (rough-toothed dolphin). Finally, these species showed similarities in most
of the whistle’s characteristics with Risso’s dolphins, a species with commonly oceanic
habits (g= 6.287; P>0.05, Table 2.2).

2.3.2 Whistles shapes

In general terms, the predominating whistle shape (Figure 2.3) was that denominated
“Rise” with percentages of use of 32.10%, followed by “U-shape” with 24.24% (Figure
2.4). The shape “Rise” was used mainly by spinner dolphin (36.86%) and spotted
dolphins (34.79% of the total whistles; Figure 2.5). While “U-shape” was mainly emitted
by Risso’s dolphins, who used it up to 40.30% in their whistle records. While the “Flat”

and “Multiloop” shapes were less frequent (Figure 2.4).
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Figure 2.3. Example of the different shapes of whistles in a spectrogram: (A) Rise,
(B) Fall, (C) Sine, D) U-shape, (E) Wave, (F) Flat, and (G) Multiloop. Figure

from Diaz-Lo6pez (2010).
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Figure 2.4. General representation of whistle’s shapes recorded for different
dolphins’ species from Mexican Central Pacific.
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Nonetheless, “Flat” shape was representative in rough-toothed dolphins with a 20% of its
repertoire, and “Multiloop” shape was commonly used (33.33%) by the bottlenose
dolphin, but it did not show “Flat” whistle shape in their acoustic repertoire (Figure 2.5).
Comparing whistle’s shapes among species, rough-toothed dolphins showed a

homogeneous use of these shapes between 3 and 24% for “Multiloop”, “Rise” and “U-

shape”.
120
100
H U- Shape
80
B Flat
60 - = Fall
Rise
40 m Wave
m Multiloop
20 . m Sine
- = . =

Spotted dolphin Rough-toothed Bottlenose dolphin  Spinner dolphin Risso’s dolphin
dolphin

Figure 2.5. Whistle’s shapes repertoire for each dolphins’ species from Mexican Central Pacific.
Yellow star indicates not significant differences (P>0.05).

Whistle repertoire for spotted and spinner dolphins was similar in structure, being
predominated by “Rise” and “U-shape” (1% and 4%, respectively), and with a low use of
the “Flat” shape.

While Risso’s and bottlenose dolphins showed inverse structures of the whistle’s shapes,
the “U-shape” was the most used by Risso’s dolphins (40.3%); but for bottlenoses it was
the lowest used (3%), and vice versa with the “Multiloop” and “Sine” shapes, these were
most common in the bottlenose dolphin whistle repertoire (33 and 17%, respectively).
Spinner and spotted dolphins did not show significant differences in their shape whistle
use (X%5= 6,919, P>0.05) (Fig. 2.5).
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2.3.3 Dolphin’s whistles interspecific comparison

By analysing whistles parameters and shapes, two groups were identified for the MCP
region, dolphins that showed predominantly whistles with higher frequency and those that

showed whistles with lower frequency.

Spotted, spinner, and bottlenose dolphin belong to the group with whistles of higher
frequencies in this study. The analysis of frequencies revealed that spinner and spotted
dolphins were similar in start, maximum and final frequency; being different only in the
emission of the minimum frequency. Because even, these two species, did not show
statistical differences in the analysis of duration and N.I.P.; which suggest acoustic
similarities in these species. On the other hand, bottlenose dolphin differed exactly in the
same whistle’s parameters with spotted and spinner dolphin, turning this species the most
easily recognizable of this group in terms of whistles features. Shapes could offer a clue
to recognize them, however, spinner and spotted dolphin did not presented differences in
the use of the shapes. Bottlenose dolphin presented differences with spinner and spotted
dolphin in all the shapes, added to the fact that bottlenoses also have the highest

percentage of multiloop whistle, which is a good track to identify it.

The low frequency group was made up with rough-toothed and Risso’s dolphin. The
analysis of the whistles features only revealed differences in the start frequency, with
values of the duration and the N.I.P being similar for both species. But whistle shapes
could apport information to discriminate these species, because Risso’s dolphin used
mostly “u-shape” while rough-tooted dolphin emitted “flat” and “wave” shapes that were
almost missing in Risso’s dolphin acoustic repertoire. Although, the parameters and
shapes of whistles would be similar, in this case, there was a particular feature in the
rough-toothed dolphin whistles that it is the key to identify it, which is the segmentation
of the whistles. In addition, the short duration, and the segmentation of the whistles in the

rough-toothed dolphin allow to be differentiated easily from the spotted dolphin.

Spinner dolphin duration and N.I.P. were similar to Risso’s dolphin, but they frequencies
were completely different, only with frequencies this two species could be identified. In
relation with the frequencies the bottlenose dolphin was the most similar to Risso’s

dolphin, but N.I.P and duration were different.

Even, the whistles shapes use was different, being the “u-shape” and the “multiloop” the

commonest forms emitted by Risso”s and bottlenose dolphin, respectively.
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Whistles

Frequency  Duration N.LLP Shape Segmentation Species
range
Rise S. attenuata
~600 ms——» ~0.70 — \A No—— or
/ s Usshape — S.longirostris
High

9-15 kHz\A
~900ms —» ~2———» Multiloop ——» No ——»  T.truncatus

U- shape , No » G. Griseus

Low > ~430 ms » ~0.5

7-9.8kHz
\ Flat Yes S. bredanensis

Figure 2.6. Dichotomous key to identify acoustically dolphin species from MCP. Being
duration, the mean of maximum and minimum values showed; a mean duration; mean of
number of inflexion points; shapes more used by dolphins; presence of the whistle’s
segmentation.

2.4 Discussion

This descriptive research represents an effort to increase knowledge about the ecology
of dolphin species, being the only acoustic approach to describe whistles repertoire
emitted by five regional dolphin species with coastal and oceanic habits in the MCP.
Occasionally, in surveys conducted on oceanic waters bottlenose, spinner, and Risso’s
dolphins were found given the possibility to record their sounds. The most difficult
species to distinguish acoustically in the oceanic group were spinner and bottlenose
dolphin (Figure 2.6), because their frequencies of whistles were very similar, so, the
possibility to differentiate them without the visual confirmation of the spectrogramwas
difficult; but N.I.P and shapes could offer the key to distinguish them without a visual

confirmation.
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2.4.2 Dolphin’s whistles intraspecific comparison

The mean of the low frequency whistles, i.e., 10kHz, quoted by Quintana-Rizzo et al.
(2016) was considered as the boundary frequency to discriminate these groups. Spinner
dolphin showed the higher frequencies (initial, final, minimal, and maximal) of the
whistle characteristics, and the shape “Rise” was the most used by this species. These
results were similar to those recorded in spinner dolphins from southern coasts of Brazil
(Simbes Amorim et al., 2019), USA/Mexico, and Peru (Oswald et al., 2007). However,
the final frequency differed slightly from the Hawaiian spinner dolphin, which emitted
frequencies around 13,000-15,000 Hz (BazlUa-Duran & Au, 2002). While, the average of
N.1.P in spinner dolphins from Hawaii was 0.46 +0.8 (BazlGa-Duran & Au, 2002), similar
to the results of this study (0.76 +1.26). Comparatively, for spinner dolphins from Eastern
Tropical Pacific (ETP), a lower value of the maximal frequency (13,700 Hz) and a higher
N.I.P. (1.9) have been reported (Oswald, Barlow, & Norris, 2003).

Spotted dolphin also showed whistle characteristics with high frequency values, while the
shapes more used were “Rise” and “U-shape”. However, these results in maximum
frequency and N.I.P. were different to other studied areas. For spotted dolphins from
USA/Mexico and Peru, a higher maximal frequency (17 kHz) and higher N.I.P. (2.85)
were recorded (Oswald et al., 2007). On the other hand, Atlantic spotted dolphin in
Canary Islands have a similar acoustic pattern excepting maximal frequency with higher
values (16.87 kHz) and N.I.P. with lower values (0.48) in travelling behavior (Papale et
al., 2017).

Bottlenose dolphins showed whistles with the highest value for maximal frequency and
lowest value for minimal frequency, which makes up to the wider frequency repertoire of
all dolphin species studies. These results were similar with those recorded for bottlenose
dolphins from Isla del Coco, Costa Rica, during non-feeding behavior (Acevedo-
Gutiérrez & Stienessen, 2004), and also was similar to whistle characteristics of dolphins
from Patos Lagoon estuary in Brazil (Azevedo et al., 2007). Nevertheless, whistles
differed in all parameters in comparison with those recorded for the Indo-Pacific
bottlenose dolphins from Ogasawara Islands, which showed lower frequencies around 6-
11 kHz, a minor duration around 320-380 ms, and N.I.P. < 1 (Morisaka et al., 2005).
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Finally, the predominant shape used by this bottlenose dolphin species from MCP region
was the “Multiloop”, the most complex of all shapes, which is used usually by adults
(Sayigh et al., 1990). In this case, it coincides with the longest duration and the highest
amount of N.I.P. Moreover, multiloop whistles have been reported to be emitted in
predation activities for this species (Diaz-Lopez, 2011).

On the other hand, other two species showed low frequency values for whistles
parameters. Risso’s and rough-toothed dolphins presented lowest frequency values,
shortest duration, and lowest N.I.P. Particularly, Risso’s whistles features were similar to
those recorded for Risso’s from Brazil and Scotland coasts (Neves, 2013; Simées Amorim
et al., 2019), excepting the maximal frequency which was higher in Brazil (~14,900 Hz,
Simdes Amorim et al., 2019) and also the N.I.P. showed in whistles of dolphins from
Scotland (1.38; Neves, 2013). Furthermore, Risso’s dolphins recorded in Canary and the
Islands ofAzores exposed higher values for almost all whistle parameters (Neves, 2013).

Rough-toothed dolphin displayed the lowest values in all whistle’s characteristics.
Whistles shapes for this species showed even a particular “separation” among them, a
feature that has been reported in rough-toothed dolphins from Rio de Janeiro and beluga
whales (Delphinapterus leucas) in Beluzhii Cape of Solovetskii Island in the White Sea
(Belikov & Bel’kovich, 2007; Seabra et al., 2012). Frequency values were similar to those
whistles values of rough-toothed pods from Brazil (Simdes Amorim et al., 2019; Seabra
et al., 2012), USA/Mexico, and Perd (Oswald et al., 2007), and the ETP (Oswald,
Barlow, & Norris, 2003). However, the duration and N.I.P. in whistles of rough-toothed
dolphin seemed be different in those from ETP, USA/Mexico, and Perd, showing a
higher value with ~620 ms and ~2 N.I.P.

Both Risso’s dolphins and the rough-toothed dolphins showed a low use of the
“Multiloop” shape, but Risso’s used mainly the “U-shape” and rough-toothed the “Rise”.
Also, these species showed a scarce N.I.P., which indicates that their whistles are
represented by a less complex shape (Belikov & Bel’Kovich, 2007; Seabra et al., 2012).
Using frequencies, duration, N.I.P and shapes of whistles, would make it difficult to
differentiate dolphin species without visual confirmation, however, the segmentation in
the whistles of rough-toothed dolphin (Belikov & Bel’kovich, 2007; Seabra et al., 2012)

allow to distinguish between them perfectly.
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Rough-toothed and pantropical spotted dolphin are considered the most common species
in the Colima coast (Ortega-Ortiz et al., 2014a; Kono-Martinez et al., 2017).

From this study, these species were differentiated significantly, where it was shown that
the spotted dolphin whistles are predominantly characterized with high frequencies and
rough-toothed whistles characterized with low frequencies. In addition, the short duration,
and the segmentation (Seabra et al., 2012) of the whistles in the rough-toothed dolphin

allow to be differentiated easily from the spotted dolphin.

In summary, spinner and spotted dolphins showed several acoustic similitudes that make
their differentiation impossible; while bottlenose, rough-toothed, and Risso’s revealed
some specific features that allow to identify acoustically.

2.4.3 Potential whistles relationships

Whistles description from this study revealed that there are differences among the five
species distributed in the MCP waters. Diverse causes could be responsible such as sea
temperature, biogeographic region, habitat (Galatius et al., 2011), prey preferences
(McCurry et al., 2017), cranial morphology (Galatius et al., 2020), noise pollution (May-
Collado & Wartzok, 2008; Morisaka et al., 2005) or group features and behavioural state
of individuals (Bazua-Duran & Au, 2004).

Due to the fact that bottlenose and Risso’s dolphin show a worldwide distribution, while
rough-toothed, spinner and pantropical spotted dolphin are limited to tropical waters, it is
possible that climate could modify morphologies (Galatius et al., 2020) e.g., Hourglass
dolphin (Lagenorhynchus cruciger) has a robust skull and its habitat is in colder waters
while the other members of the Lissodelphininae subfamily inhabiting warmer waters
(Galatius & Goodall, 2016).

Geographical variation in whistles of several dolphins species as the pantropical spotted
and bottlenose dolphin were showed (Jones & Sayigh, 2002; Yao et al., 2008). Whistle’s
variability could be related with differences in regional acoustic conditions (Morisaka et
al., 2005; May-Collado & Wartzok, 2008), e.qg, stripped dolphin from the Mediterranean
showed regional differences in their whistles; also, in bottlenose dolphins from Brazil

whistles differentiations were found (Azzolin et al., 2013; Lima et al., 2020).
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The modification of the whistles” frequencies in presence of acoustic pollution could also
explain these regional differences (Morisaka et al., 2005; May-Collado & Wartzok,
2008), as also group size and the general behavioural state (Bazta-Duran & Au, 2004).
These are all aspects that need further investigation to determine differences among
species and in different areas.

Prey items among these five species could variate between fish and cephalopods being
the Risso’s dolphin mainly teutophagous (Blanco, Raduadn & Raga, 2006). Perhaps,
whistles characteristics could variate depending on the prey item to facilitate its capture.
Nevertheless, bottlenose, spinner, and spotted dolphins which are in the high frequencies
group and are considered mainly ichthyophagous (fish feeders) (Norris, & Dohl, 1980;
Irvine et al, 1981; Barros & Wells, 1998; Scott & Chivers, 2009), but they could also
include cephalopods in their diet when these preys are available (Dolar et al., 2003;
Gimenez et al., 2017). However, considering the prey size, it could determine the four
feeding strategies recognized for odontocetes: raptorial feeding, grip and tear feeding,
suction feeding, and filter feeding (Werth, 2000a; Kienle & Berta, 2016; McCurry et al.,
2017b). Likewise, these feeding strategies could suggest some shapes and anatomy
variations of the skulls, which has been related in toothed whales to feeding and prey
preferences (Werth, 2006a; McCurry et al., 2017a) (Fig 2.6).

A factor contributing to acoustic differences in dolphins is differences in their cranial
morphologies. For example, Risso’s dolphins are considered suction feeders because they
create a negative intraoral pressure to capture the prey item as well as to aid in swallowing
(Johnston & Berta, 2011). This feeding technique implied modifications to the hylingual
apparatus and often to the skull and jaws (Werth, 2007) and it could be the answer to low
frequencies in the whistles” parameters. While rough-toothed, spinner, and bottlenose
dolphins are considered raptorial (Galatius et al., 2020) due to the use of teeth and jaws
alone to capture prey (Hocking et al., 2017) (Fig 2.7). The rostrum morphology could
determinate the sound emission (Frainer et al., 2021); however, the group of raptorial
feeders is composed by three species with high frequencies and one with low. Then,
rough-toothed dolphin as raptorial feeder should have high frequencies maybe the habitat

or the evolutionary studies could offer some answer.
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Fig 2.7. Comparation between the different shapes in
relation with the feeding strategy. Image taken from
Galatius et al. (2020).

Prey and feeding strategies are dependent of the habitat (Monteiro-Filho et al., 2002;
Galatius et al., 2011), being the depth an important factor into lifestyle of dolphins. The
fact that these five species are found in deep waters (Gannier & West, 2005; Moreno et
al., 2005; Baird et al., 2008) does not mean that they dive at deep zones, although the
Risso’s dolphin is known as good diver (Jensenet et al., 2020). On the other hand, rough-
toothed dolphin is a species with scarce data about diving (Baird et al., 2008), but known
it to prefer deep waters (Baird et al., 2013) of around 400 m (Shaff & Baird, 2021), in
which they feed on fish and squids (Kerem et al., 2016). The association of both species
to deep waters habitats could explain differences in the whistle’s characteristics.
Likewise, baleen whales use low frequencies to communicate in long distances because
sound is more effective in deep waters and the low frequencies travel more distance
(Darling, 2015). However, it was shown that bottlenose dolphin could dive up to 500 m
in Bahamas (Klatsky, Wells & Sweeney, 2007) and squids become available to dolphins
at night due to the diel migrations (Benoit-Bird & Au 2003).

Evolutionary studies showed that rough-toothed and Risso’s dolphins are closer to each
other in the phylogenetic trees (Geisler et al., 2011; Amaral et al., 2012; Gatesy et
al.,2013; McGowen et al., 2020), what could explain similarities in the whistles features

for these species, and differences comparing with the high frequencies group.
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Moreover, rough-toothed and Risso’s dolphin whistles characteristics also similar to
those from false killer whale (Pseudorca crassidens) (Oswald, Barlow & Norris, 2003),

a species also evolutionary closer to these two species.
2.4.4 Study limitations and future perspectives

Several limitations to collect data arose during the field work, i.e., unfavourable sea state
conditions and visibility to detect dolphins emerging on the water surface, and then, other
difficulties with electronic failures of the equipment when it was introduced to the sea to
record sounds. Further, sometimes, dolphins do not feel comfortable with the ship
presence, and they drift away, hindering the data extraction. However, a representative
sample of the dolphin acoustic repertoire, including a large number of whistles was
obtained; even with a few whistles from oceanic species that were recorded from sporadic

encounters in order to take it as reference.

On other hand, studies show that in presence of sharks and ships (while there are
socializing) rise the number of whistles (Scarpaci et al., 2000; Acevedo-Gutiérrez &
Stienessen, 2004) that their characteristics could be modify depending on the behavior of
the dolphin group. Dolphins from the Mediterranean increases the emission of the “Rise”
shape while they are socializing (Diaz Lopez, 2011), this means that the initial frequency
is going to be always equal to the minimum frequency, the final frequency will be equal
to the maximum frequency, and it will not be inflexion points. Also, they rise the
“Multiloop” shape while they are hunting (Diaz Lopez, 2011), increasing the number of
inflexion points. Each shape has determinate characteristics that in their increase could
change the median of the frequencies and number of inflexion points so that could give
an error in the identification of the dolphin’s species. In future studies the behavior of

dolphins should be studied at the same time that the sounds are recorded to avoid mistakes

Therefore, future acoustic studies should be planned and foreseen with coastal and
oceanic cetacean species in the MCP region, in order improve knowledge on the biology
and ecology of these species and contribute to conservation and management works in

the area.

This study showed that the description of whistles characteristics of the five species of
the MCP region contributed to bioacoustic research improvements in the area. Moreover,

outcomes of this work revealed the exhibition of geographical differences.
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Coastal species were easier to differentiate due to the high frequencies in the spotted
dolphin while rough-toothed dolphins have in their repertoire the lowest frequencies,
duration, N.1.P. and presents the segmentation of whistles. For the same reasons, oceanic
species revealed that Risso’s dolphin is easier to recognise in comparing with bottlenose
and spinner dolphin. Among all species, 1) rough-toothed and Risso’s dolphin presented
similarities in almost all the parameters; 2) Bottlenose, spinner and spotted dolphin
showed common characteristics. In the high category frequencies, spinner and spotted
dolphin were so similar that in conditions without visibility it would be impossible to
distinguish acoustically between them. Additionally, for these two species, concerning
acoustic patterns, even the proportions of the use in the shapes were the same, being the
“U-shape” and the “rise”, the most common forms emitted. Whereas the bottlenose
dolphin is the species with lower values in frequencies, but the N.I.P and the duration
results were superior to spinner and spotted dolphin, what provides a clue to identify

acoustically.
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Chapter 3: Spatial-temporal recording of dolphin whistles in the bays

of the Mexican Central Pacific

3.1- Introduction

Cetaceans have adaptative skills to live and survive in the aquatic environment, which
creates obstacles to study them and understanding more about their ecology (Kremers et
al., 2014). Through diurnal surveys several studies have been performed on species
identification, distribution and density of populations, and behavior of individuals (Kusel
etal., 2011; Marques et al., 2012; Stevenson et al., 2015). However, the collection of this
information at sea depends on visual detections during surveys, which involve a great
human effort due to a high level of physical demand, are expensive, occasionally there
are risks due to oceanographic and climatic conditions, and also the results provided may
be limited. On the other hand, acoustic methodologies allow to obtain data about the
dolphin presence through the registration of their sounds, and for longer periods
(Mellinger et al., 2007). Passive acoustics is based on receiving sound by a hydrophone
directly put into the water or installed in a buoy (Mellinger et al., 2007). This type of
monitoring is not only a non-invasive technique, since it is independent of daylight to
study marine mammals (Baumgartner et al., 2020), and the data obtained could be used
to study several features of their sounds, the population density, and habitat preference
(Diaz-Lopez, 2011; Marques et al., 2012; Stevenson et al., 2015; Baumgartner et al.,
2020). Besides, most ecological and behavioural data on dolphins is taken during daytime
observations, while knowledge about their ecology during their nocturnal life cycle is

limited.

The interest of the research in the acoustics began with the First World War due to the
dolphin’s capacity to identify obstacles in the marine environment being a feature that
people wanted to copy (Pailhas, Capus, & Brown, 2012). The earliest bioacustical studies
were conducted with captive animals usually with the bottlenose dolphin (Tursiops
truncatus) due to the worldwide coastal distribution and the high adaptation to captive
life (Overstrom, 1983; Tyack, 1986; Nowacek, Wells & Solow, 2001; Cotter, Maldini &
Jefferson, 2012).

Studies revealed that dolphins are able to emit three types of sounds: clicks, burst pulses
and whistles (Van Parijs, Parra & Corkeron, 2000; Thomas, Fristrup & Tyack 2002).
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Whistles are tonal signals with frequency modulated, usually not exceed 20 kHz (dos
Santos et al., 2005; Diaz-Lépez & Shirai, 2009; Azevedo et al., 2010) and were the main
indicator to identify individuals in captivity. Caldwell & Caldwell (1965) suggested that
bottlenose dolphins produce individually characteristic and recognizable whistles known
as “signatures”. Later, an experiment in an aquarium was conducted to find whistle
signature with two captives bottlenose dolphins; using a machine called “vocaligh” that
was attached in two different dolphins with the objective to discriminate which sound
came from each animal (Tyack, 1986).

In the seventies, studies with wild dolphins begun with the objective to investigate the
range in echolocalization (Au et al., 1976; Murchison, 1976). Vocal emissions play an
important ecological role because they are essential to locate and capture prey, to detect
potential predators and to avoid them, to breed, and to parenting (Dudzinski, 1996). Also,
studies show that sounds are important to maintain the group cohesion (Janik & Slater,
1998) and to communicate over distance (Janik, 1998). Dolphins, as social animals live
in fission—fusion societies, with flexible aggrupation patterns while some individuals
showing a long-term association with specific individuals (Wirsig & Wiirsig 1977; Wells
et al. 1987; Elliser, 2010; Eater et al., 2013; Elliser & Herzing, 2014). Social behavior
could be expressed through the number of whistles, i.e., the rates of whistles increased
when new individuals joined the group (Quick & Janik, 2012). Besides, the characteristics
of whistles, as frequency, could infer behavior of dolphins because when they are in
action (i.e., jumping, socializing, or chasing prey) their whistles are longer and with
higher frequency than whistles emitted when they are traveling (Azevedo et al., 2010).
Whistles” shape could also suggest information about the behavior, as was recorded in
dolphins from the Ria of Arousa, where the “sine” whistle shape was detected in 53% of
the feeding behaviour events (Férriz Rosell, 2017). Killer whales (Orcinus orca) have
been observed to feed during daytime periods, but an increase in calls has also been
recorded at night, which could indicate an increase in foraging behavior (Newman &
Springer, 2008; Richard et al., 2017). Similarly spinner dolphins (Stenella longirostris)
in Hawaii, feed at night in open waters, and rest in bays during the day (Norris et al.,
1994a); but a new study revealed that this behavior could change with seasonal
fluctuations (Silva & Da Silva, 2009). Common dolphin (Delphinus delphis) and Indo-
Pacific humpback dolphins (Sousa chinensis) showed a relationship between the lunar

cycle and the echolocation (Wang et al., 2015; Cascéo, et al., 2020).
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Both species answered differences in environmental lighting, acoustic activity increased

during the darkness period (new moon) (Goold, 2000; Wang et al., 2015; Cascéo, et al.,
2020). For Risso’s dolphin (Grampus griseus) a similar pattern had been reported, an
increase in acoustic activity at night, because they are searching for food (Soldevilla,
Wiggins & Hildebrand, 2010). However, there is little research on the acoustic behavior
of dolphins during night-time periods, especially in whistles emissions.

In this way, this scarce scientific background of whistles suggests as potential hypothesis,
an active acoustic behavior related to feeding activities during the night periods, and a
passive acoustic record during the diurnal periods for dolphins distributed in any coastal

region.

In the Mexican Central Pacific (MCP) coastal region, 14 species of marine mammals have
been registered (Ortega-Ortiz et al., 2013; Wade & Gerrodette, 1993). The spotted
dolphin (Stenella attenuata) is the dominant species, maintaining a relatively constant
density of individuals throughout the year (Gonzélez-Salguero, 2017; Kono-Martinez et
al., 2017), and rough-toothed dolphin (Steno bredanensis) have been registered in the
area, performing foraging activities (Ortega-Ortiz et al., 2014a); but research on its
ecological aspects is still limited. The largest Mexican commercial port is located on the
coast of Manzanillo, Colima; in addition, the increase in tourism in recent years could
increase interactions between cetaceans and humans (Rosales-Chapula et al., In press).
Therefore, any ecological study could be useful to contribute to the conservation of
dolphin species (La Manna, Manghi, & Sara, 2014). In this regard, the aims of this study
were 1): to determine the occurrence of the acoustic activity of dolphins among sites of
Colima coast; and 2) to describe the occurrence of the acoustic activity of dolphins during

several temporal scale: years, seasons, and day/night cycles in the Colima coast.

3.2- Methods
3.2.1 Study area

Study area was in the Pacific coast of Mexico, in the state of Colima is located the
Manzanillo Bay, where the most important commercial port is housed; and Santiago Bay,

where tourist activities predominate (Silva Ifiiguez et al., 2013) (Fig.3.1).
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3.2.2 Data collection

During the period of September 2015 to January 2019, a monthly sampling (which was
represented by two or three day of work at sea) was conducted, which consisted of
placing two acoustic recording devices within both bays, and one more at the entrance
of these, separated by 4 km to get more detection range.

However, because of technical issues with the hydrophone of the Entrance only 2015 and
2016 could be recorded while the Santiago and Manzanillo Bay could be recorded the
entire sampling period (see table 3.2).

Based in other designs of passive acoustic monitoring, each device was put in a plastic
container with hermetic conditions (Rosales-Chapula et al., In press).

1600

1200

200

400

0.00

Figure 3.1 Study area in Manzanillo (Colima, Mexico). Red circle is
Manzanillo Bay; black circle is Santiago Bay, and the green star is the location
of the bouy in the entrance of the bays.
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The sensor hydrophone (1, model TC4013 trademark Reson or 2, model SQ26-08 of the
company Cetacean Research Technology), a battery package (lasting up to ~48 h), and a
digital recorder (Zoom H1), were the equipment submerged 5-7 meters of depth, which
were anchored in the sea bottom in each of the three sampling site, using a dead weight,
an anchor and a red buoy on the surface of the water for easy detection and retrieval (Fig.
3.2).

Through this methodological effort, it was possible to record the acoustic activity in
continuous for day and night periods, mainly whistles of the dolphins.

3.2.3 Data analysis

The audio files were stored for further analysis using Adobe Audition software due to the
huge size of records. Each audio file was inspected to identify visually (seeing on the
screen) and acoustically (listening the sound with earphones) the whistles of dolphins.
Shape and frequency were considered as characteristics to discriminate whistles from
other dolphin sounds and from noise in the marine environment. Whistles were identified
and accounted, for describing the occurrence of the acoustic activity of dolphins among
sites of Colima coast, and during diurnal/nocturnal cycles.

Figure 3.2. Map of the Manzanillo and Santiago Bays that shows the point of the
location of the buoys. In the right, the structure with the hydrophone, the buoy, the
plastic container with acoustic equipment, and the anchor used in each sampling
site.

Each audio file obtained could have a duration of 20 to 48 h; therefore, these audio files

were subdivided into small recording samples lasting 3 h and 36 min.
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Whistles were identified based on the frequency range between 4-20 kHz, besides it is a
continuous sound that spans a period, usually showing a particular shape of upward or

downward slope.

These features differentiated the whistles from other marine sounds produced by whales,
birds, crabs, or fishes (Montgomery & Radford, 2017). Clicks were excluded as it was
differentiated as an isolated sound that can be identified as a short duration vertical shape,
with a frequency range of a few hundred Hz to about 160 kHz (Aubauer, Lammers & Au,
2000; Rankin et al., 2017).

Burst pulses were also excluded as it were distinguished as serially produced broadband
clicks with very short intervals between clicks (Rankin et al., 2017). In figure 3.3 it is
possible to observe an example of these three types of sounds produced by dolphins, so it
becomes evident that the visual analysis is an important key to correctly identify the type
of sound, in addition to the auditory evaluation.

Figure 3.3. An example of a spectrogram of dolphin sounds; from left to right
marked in the boxes: 1) a whistle with “u-shape” form, 2) a burst pulse, and 3) clicks.

To determine the occurrence of the acoustic activity of dolphins, only the number of
whistles was extracted from each sampling sites; and a whistle recording rate (WRR),
was obtained by dividing the number of whistles per hour of recording monthly (location,
years, season, and time frame). The WRR was a way to equalize the effort in the Entrance

with the Manzanillo and Santiago Bay due to the lack of sampling in the first area.
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Besides, whistles were catalogued in night/day cycles, specific time frames of four hours
were considered for a better management of data, i.e., 2-6 h (A), 6-10 h (B), 10-14 h (C),
14-18 h (D), 18-22 h (E) and 22-2 h (F). In this way, the time frame was summarized in
E-F-A as night cycle and B-C-D as diurnal cycle.

3.2.4 Statistical analyses

To determinate differences of acoustic activity among location and daytime, normality
of data was evaluated with Kolmogorov-Smirnov test; while chi squared test (X?), and
non-parametric Kruskal-Wallis test were used to determine if number of whistles were
significant different among location and daytime. Data that followed a normal
distribution were analysed with ANOVA. A post-hoc Tukey test was performance to
identify the groups with differences. These analyses were performed using software
SPSS, with a 0.05 significance value.

3.3- Results

A total of 501 acoustic record samples were collected during the period of study
(September 2015 to January 2019), of which 71 records were not functional. From 430
good records: 224 recording samples were taken from Manzanillo Bay, 150 samples
were taken from Santiago Bay, and 56 records were obtained from the entrance of the

bays.

These recorded samples represented a total of 1,289 h and 23 min of sounds,being 679
h and 29 min from Manzanillo Bay, 464 h and 25 min from Santiago Bay, and145 h and

28 min from the entrance of the bays.

A total of 11,884 whistles signals were identified, of which 7,886 belonged to Manzanillo
Bay, 3,306 to Santiago Bay, and 692 to the entrance of the bays. The mean whistles
number (438.1) and range (0-1,446) was higher in Manzanillo sampling site (Table 3.1).
Whistles Recording Rate (WRR) revealed significant differences among locations (Faz 2=
4.973, p= 0.012) and a higher value of 11.23 whistles/h in Manzanillo location, which
showed significant differences compared with Santiago Bay (q = 9.798, p = 0.023).
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Table 3.1. Whistles registers from dolphins obtained in different sampling location in bays of
Colima, Mexico during the period of September 2015 to January 2019. N = number of records
extracted; Mean = the average of whistles; Range = lowest and highest number of whistles; and
WRR = Whistles Recording Rate.

Location N Mean Range WRR (whistles/h)
Entrance 692 98.8 0-343 4.74 (0-12.85)
Santiago 3,306 194.4 2-825 5.65 (0.59-14.14)
Manzanillo 7,886 438.1 0-1,446 11.23 (0-27.3)

Annual analysis of these 11,884 whistle records, showed that the highest number of
whistles collected was during 2016 (4,283 records), and lowest during 2018 (681
records); similarly, the highest value of WRR was in 2016 (194.84) and the lowest during
2018 (30.11). In the entrance of the bays for the two years sampled, in 2015, the highest
number of whistles and WRR (372 and 20.32, respectively) was obtained, while during
2016 the smallest values were obtained (320 and 10.79, respectively). Santiago Bay
showed a high acoustic activity in 2016 (1,752 whistles and a WWR of 76.63), while
Manzanillo Bay was in 2019 (3,008 whistles and a WWR of 84.91); while lowest
acoustic activity of dolphins in Santiago was during 2019 (62 whistles and a WWR of
1.75), and in Manzanillo was during 2015 (408 whistles and WWR of 18.78). The values
of mean revealed that in 2017 was the highest (mean = 11.20) and the lowest in
2015(mean = 6.10).

Table 3.2. Number of whistles (top) and Whistles Recording Rate (WRR, bottom), mean,
maximum and minimum WRR of dolphins obtained annually from different sampling
location in bays of Colima, Mexico during the period of September 2015 to January 2019.

. . Mean (sd)
Year Entrance  Santiago Manzanillo Total .
Min-max
2015 372 486 408 1,266 6.10 (x1.50)
20.32 21.91 18.78 61.01 0.28-12.85
2016 320 1,752 2,211 4,283 7.49 (x1.07)
10.79 76.63 107.42 194.84 0-19.81
2017 - 930 1,654 2,584 11.20 (x3.52)
34.78 54.89 89.67 0.59-27.31
2018 - 76 605 681 10.03 (+5.50)
2.81 27.30 30.11 2.81-20.85
2019 - 62 3,008 3070 9.63 (+2.49)
1.75 84.91 86.66 1.75-7.47
Total 692 3,306 7,886 11,884
462.29
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Also, the maximum value was 27.31 in 2017 while the minimum was 0 in 2016.
However, mean differences between years were not significant (Hse 4 = 1.764; p = 0.779)
(Table 3.2).

Seasonal analysis showed that highest acoustic activity occurred during winter periods
(7,456 whistles and a WRR of 264.16), and lowest number during autumn periods (785
whistles and a WRR of 35.96). The highest number of whistles and WRR in the entrance
of the bays occurred in autumn (346 and 13.13, respectively), while in Santiago (1,441
and 57.27, respectively), and Manzanillo (6,015 and 206.89, respectively) bay occurred
in winter. The lowest number of whistles and WRR in the entrance was in spring (77 and
3.34, respectively), whereas in Santiago and Manzanillo Bay lowest data concurred
during autumn with (202-8.98 and 237-13.85, respectively) (Table 3.3). The highest
mean of the WRR in seasons was in the winter with 10.15 and the lowest was in autumn
with 5.14. The maximum value registered in the mean of WRR was in winter (max=
27.31) and the minimum was in summer (min= 0). Seasonal mean results that did not
show significant differences (Hsez = 3.932; p = 0.269).

Table 3.3. Number of whistles (top) and Whistles Recording Rate (WRR, bottom), mean,
maximum and minimum WRR of dolphins obtained seasonally from different sampling
location in bays of Colima, Mexico during the period of September 2015 to January 2019.

. . Mean (sd)
Season Entrance Santiago Manzanillo Total .
Min- max
Summer 269 1,190 629 2,088 7.37 (x1.45)
14.64 49.46 31.74 95.84 0-14.66
Autumn 346 202 237 785 5.14 (£1.49)
13.13 8.98 13.85 35.96 0.28-12.85
Winter - 1,441 6015 7,456 10.15 (x1.52)
- 57.27 206.89 264.16 0-27.31
Spring 77 473 1,005 1,555 6.63 (+1.81)
3.34 22.17 40.87 66.38 0.9-19.81
Total 692 3306 7886 11,884
462.34

The frame time of the quadrant F showed the highest number of whistles (2,864) while
the quadrant E presented the highest WRR (439.4), and mainly in the location of
Manzanillo (WWR=292.29). Also, the quadrant F revealed the highest values of whistles
(1,223) and WRR (169.37) in the Santiago Bay.
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The frame time of the quadrant A showed the lowest number of whistles (1,075) and
WRR (189.5), mainly in the entrance of the bays (43 and 6.83, respectively) (Table 3.4).

The presence or absence of dolphins was independent of the day/night time (X?1,=2,739,
p= 0.098). The time frame with the highest value in the mean of WRR was F (mean =
11.54) while C had the lowest value (mean = 5.00).

Table 3.4. Number of whistles (top) and Whistles Recording Rate (WRR, bottom), mean, maximum
and minimum WRR of dolphins obtained during time frames of different sampling location in bays
of Colima, Mexico during the period of September 2015 to January 2019. Time frame: 2-6 h (A), 6—
10 h (B), 10-14 h (C), 14-18 h (D), 18-22 h (E) and 22-2 h (F).

. . . Mean (sd)
Time frame Entrance Santiago Manzanillo Total )
Min- max
A 43 474 558 1,075 6.11 (£1.08)
6.83 92.66 90.5 189.5 0-20.26
B 45 234 1,155 1,434 9.29 (£2.47)
19.25 66.68 192.33 278.26 0-47.69
C 300 269 1,593 2,159 5.00 (x1.42)
48.13 38.97 129.79 216.89 0-32.28
D 21 407 1,587 2,018 6.69 (x1.96)
1.21 64.73 172 237.94 0-64.91
E 99 699 1,536 2,334 11.20 (x3.59)
11.72 135.39 292.29 439.4 0-135.15
F 184 1,223 1,457 2,864 11.54 (x2.88)
43.65 169.37 221.57 434.59 0-68.41
Total 692 3306 7886 11,884
1,796.58

The maximum WRR was registered in the E time frame (135.15) and the minimum was
presented in all the time framed (0). Also, the results revealed that the mean WRR did

not show differences among quadrants (Hzoe s = 6.744, p = 0.240).

3.4- Discussion

Through this research was possible to identify the occurrence of the acoustic activity of
dolphins among sites, and during several temporal scales such as years, seasons, and
day/night cycles, which was an important contribution on the ecology of dolphin species

that inhabit in waters of the Mexican Central Pacific, particularly Colima coasts.
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Despite of the inequality in the sampling, this study is an approach to the ecological and
habitats of the dolphins from this region.

3.4.1- Whistles spatial locations

Whistle spatial location suggests that dolphins prefer the Manzanillo Bay as a habitat, in
comparison to the other bay and outside of them. This preference may be related to area
size as Manzanillo Bay is bigger, probably offers more protection from predators, and it
is a good refuge to rest and/or to socialize because it is made up by shallow waters. Even,
migratory humpback whales use bays from Colima to nurse their calves, and probably
also to avoid predators (Ortega-Ortiz et al., In press). Killer whales are recognized as
potential predators of humpback whales and dolphins on the coasts of Colima, since a
probable new ecotype with a generalist feeding behavior has been proposed (Vargas-
Bravo et al., 2020).

Additionally, a greater number of whistles that suggest a preference in Manzanillo Bay
as a habitat, could be related with dolphins finding optimal conditions to complete an
ecological activity, which could be feeding. In general, dolphins have been described as
an opportunistic predator with ichthyophagous and teutophagous habits (Dolar et al.,
2003; Scott & Chivers, 2009; Gimenez et al., 2017). In particular, on the coast of Colima,
several species of dolphins have been recorded in feeding activities, i.e., killer whales,
false killer whales, rough-toothed dolphins, and spotted dolphins (VVargas-Bravo et al.,
2020; Ortega-Ortiz et al., 20144, 2014b, Diaz-Torres et al., 2022). The last two dolphin
species are recognized as predominant in Colima coasts (Ortega-Ortiz et al., 2014a;
Kono-Martinez et al., 2017), which can be discriminated based on whistles parameters
(see chapter 2). Therefore, the idea that these two species are the predominant ones in

Manzanillo Bay, in order to search for food, is not ruled out.

There are sightings in the area of killer whales and on some occasion dolphins stranded
in the beaches with corporal marks of interactions withs these predators. In both
environments, oceanic and shallow waters, they could be attacked, but shallow waters

can offer additional protection (Maldini, 2003).
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3.4.2- Temporal whistles variation

The acoustic activity of dolphins, described through number or frequency rate of
whistles, showed some differences among years. During 2016 the highest acoustic
activities were registered, while during 2018 the lowest values were obtained.

This result is coincident with Diaz-Torres et al. that showed that during 2016 spotted
dolphins were also more abundant and showed a wider dispersion, during warm

conditions, in waters of the Mexican Central Pacific (MCP).

Furthermore, acoustic activity showed some slight variations among seasons, being the
whistles” frequency higher during winter seasons than in fall seasons. Other works refers
that usually, the movements of dolphins may correspond to prey availability or prey
movements (Reilly 1990; Young & Cockcroft, 1994; Silva, 1999; Wang et al,. 2003).
For example, some bottlenose dolphins from warmer waters showed a localized seasonal
movement while dolphins from highest latitudes showed a tendency to seasonal
migrations (Shane, Wells, & Wiursig, 1986). The spotted dolphins showed higher
density/abundance estimates during the Mixed periods (winter-spring), when they
showed a greater breadth of trophic niche in the coastal waters of the MCP (Diaz-Torres
et al., 2022; Diaz-Torres et al., In prep.); during the same autumn and winter seasons,
other species of dolphins, such as the rough-toothed dolphin and the false killer whales
use the waters of the MCP to carry out feeding activities (Ortega-Ortiz et al., 2014a,
2014b); while the killer whales also use the habitat of the MCP to search for food
resources, but throughout the year. In summary, this seasonal variation in acoustic
activity of dolphins, given by whistles records, suggest a close relationship with feeding

behavior.

3.4.3- Diurnal/nocturnal patterns

The acoustic activity of dolphins did not show differences during the diurnal time, which
coincides with continues sightings of a spotted dolphin species, probably more than two
groupings, and with reports of sightings of rough-toothed dolphins that use the coastal
area for foraging activities (Ortega-Ortiz et al., 2014a; Gonzalez-Salguero, 2017). This
fact could be explained by the favorable oceanographic conditions (Kono-Martinez et al.,

2017) that allowed these dolphins to feed in each moment of the day.
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However, during the time frame of the E-F night cycle the WWR was higher than the
other frames, despite of significant differences, this result suggests that after sunset the
zooplankton begins a vertical migration attracting all kind of fishes and squids (McLaren,
1963), which, in turn, are prey to dolphins enhancing their foraging activity and
consequently leading to the increase of their acoustic activity. Comparatively, in shallow
waters of the Mediterranean, dolphins emitted more whistles during dark periods due to
possibly foraging (Castellote et al., 2015; Gregorietti et al., 2021).

In contrast, in North Carolina the whistling increased during the day at higher depths,
most probably because the number of dolphins groups increased (Hodge et al., 2013),
which indicated that whistles function as a social call. Species such as the white-beaked
dolphins (Lagenorhynchus albirostris) are vocal actives when they are socializing but
never during the feeding, traveling, or resting (Rasmussen & Miller, 2002); although,
spinner dolphins more abundant in our area of study are vocal when they are traveling or
feeding (Norris et al., 1994a).

The behaviour of whistling during night periods has been little studied, as well as the
nocturnal behaviour in freedom of dolphins, since most research analyses the sounds of
clicks (Soldevilla, 2008; Leeney, Carslake & Elwen, 2011). Although, most of the
whistles studied during night periods are in captivity (Kremers et al., 2014; Rachinas-
Lopes et al., 2017), those results suggested that whistles could be used in feeding
activities and to maintain the group coordination (Simon, McGregor & Ugarte, 2007;
Benoit-Bird & Au, 2009). Just as it has been suggested that the Icelandic killer whale
uses a specific call to manipulate the herring’s behaviour (Simon, McGregor & Ugarte,
2007).

3.4.4- Final considerations

Although, there is a lack of visual confirmation of the dolphin species with this
methodology, it could be inferred that the sounds probably were produced most likely
by spotted dolphins and rough-toothed dolphins as they are dominant species
distributed in coastal region (Ortega-Ortiz et al., 2013; Ortega-Ortiz et al., 2014a;
Gonzalez-Salguero, 2017; Kono-Martinez et al., 2017). The rough-toothed dolphin is
frequently found in deep waters in the eastern Pacific, Hawaii and in the Mediterranean
Sea (Miyazaki, 1994; Baird et al., 2008; Kerem et al., 2016), in the present area it was

found being their sightings commonly in the Entrance of the bays (Ortega-Ortiz et al.,
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2014a). Data analysis from the Entrance of the bays showed mainly whistles with
specific characteristic as segmentation (307 whistles), low frequencies, and low
duration; whichare typical features of the whistles from the rough-toothed dolphin (see
chapter 2).

Some audio files were lost due to electronic failures, damage to the equipment due to the
introduction of water into the plastic case, or even the loss of equipment due to adverse
oceanographic conditions caused by regional storms; as well as because it was stolen by

regional fishermen.

The entrance only was recorded 2 years because of technical issues with a hydrophone,
despite of this, the study was focused like a general approach to the dolphins’ habits.
Nevertheless, a total of 430 successful acoustic records were collected, from which more
than 1,289 h of aquatic sounds allowed the identification of 11,884 whistle signals from
dolphins distributed in the region.

Although the spotted dolphin is known to be a dominant specie in the area, it is more
difficult to determine which whistles belong to it. Whistles of spotted dolphin are similar
to oceanic species such as bottlenose or spinner dolphins. Different behaviors of oceanic
species could explain their presence at night, for example, in the southwestern Indian
Ocean spinner dolphins feed offshore and rest close to shore (Gross et al., 2009). The
same study showed that spotted dolphins in the region are oceanic and have preferences
by deep waters. Nevertheless, other study in the Gulf of Mexico showed that spotted
dolphin prefers shallow waters (Mills & Rademacher, 1996). However, the nonexistence

of night sightings suggested that some records could belong to oceanic species.

The present study showed that the acoustic habits of the dolphins that are distributed in
the coast of Colima have an important implication towards their trophic ecology and the
use they make of the region. Manzanillo Bay is the area with highest habitat use

compared to Santiago Bay, and the Entrance to both bays.

Slight annual differences suggest that the acoustic activity of the dolphins predominated
in 2016, in the winter months, and during nocturnal periods of time. This allow us to
infer that rough-toothed and spotted dolphin are responsible for most of the whistles
recorded in the region. Future studies should be performed to clarify the results of the

present study.
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Chapter 4: Final conclusions

This study represents the first insight about the dolphin’s acoustic behaviour and habitat
preference in the Mexican Central Pacific (MCP) region. Recurrent dolphin species in
this region were recorded acoustically and with visual confirmation. The dolphin species
were: rough-toothed dolphin (Steno bredanensis), spotted dolphin (Stenella atenuatta),
spinner dolphin (Stenella longirostris), bottlenose dolphin (Tursiups truncatus) and
Risso’s dolphin (Grampus grisseus). These species could be distinguished by their
distribution habitat, being the rough-tooted and spotted dolphin usually observed on
coastal waters, and the spinner, bottlenose and Risso’s dolphin observed on oceanic
waters. To investigate acoustic activity of dolphin species from Mexican Central Pacific
(MCP), two methodologies were performed in this study: 1) Recording dolphin sounds
with a hydrophone and visual confirmation of the species during surveys (chapter 2), and
2) Recording dolphin sounds through a hydrophone anchored in the sea bottom (passive
acoustic monitoring) in three different locations (Entrance, Santiago and Manzanillo

Bays, chapter 3).

Dolphins emit three kinds of sounds: echolocalization clicks, burst pulse and whistles.
This study was focused on the analysis of the whistles, which are characterized by:
frequency, shape, duration, and N.1.P. Through the analysis of the whistle records and
visual confirmation of dolphin species distributed along of the MCP, it was discovered
that:

e There are geographical differences in the whistle’s repertoire of dolphins.

e In the group of oceanic species, the Risso’s dolphin was distinguished
acoustically, by its low frequencies and short duration. While the bottlenose and

spinner dolphin showed acoustic similarities.

e Coastal species showed acoustic distinction, as spotted dolphins emit whistles

at a higher frequency compared to the whistles of rough toothed dolphins.

e Two acoustic groups, with mixed distribution habitats, could be identified, 1)
those that usually whistle with a frequency >10 kHz (spotted, spinner and
bottlenose dolphin) and 2) those that usually whistle with a frequency <10 kHz
(rough- toothed and Risso’s dolphin).

46



e Similar whistles parameters were observed in the group of dolphins that emit
these sounds at high frequencies, with the exception of bottlenose dolphin,
which presented a high number of N.I.P, a longer duration in the whistles and

with a predominant “multiloop” shape.

e Whistles characteristics in the group of dolphins that emit these sounds at low
frequencies were differentiated by a “segmentation” and a predominance of
the shape “flat” in sounds from rough-toothed dolphin, while Risso’s dolphin

emitted non-segmented whistles and with “u-shape”.

In addition, hydrophones anchored in the sea bottom were placed in the Entrance,
Santiago and Manzanillo Bays, where shipping and touristic traffic is frequent. Dolphins’
acoustic records were obtained during 2015-2019, in order to obtain the number and
features of emitted whistles. These dolphin sounds were standardized in relation to the
effort with a whistle recording rate (WRR), in order to apply statistical analyses, to be
compared by year, season, location, and daytime. The results of this chapter revealed
that:

e Manzanillo Bay seems to be the area with higher use by dolphins.

e Annual acoustic activity of dolphins was similar, although during 2016 a major

acoustic activity was detected.

e Seasonal acoustic activity of dolphins was similar, however during winter

periods a higher number of whistles were recorded.

e Daytime acoustic activities did not present significant differences, but during

the night-time moreacoustic detections were registered.

e Spotted and rough-toothed dolphin should be the responsible of the most of the

whistles sounds due to their predominance in the area.

Acoustics research definitively is a very useful tool to investigate several ecological
aspects of dolphins, as the use of the habitat, considering annual, month and day-night

time scales.

47



On the other hand, the characterization of dolphin whistles makes it possible to establish
a pattern for each species. In the future, this pattern can be used for the discrimination of
the species, to evaluate potential changes in presence trends of dolphin species and
maybe to infer if the noise caused by ship traffic has any effect on the communication of
these animals. The results of this study allowed us to obtain valuable information about
the ecology of dolphins that can be used for future conservation measures.
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