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ABSTRACT 
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Underwater sounds are very important for Bottlenose dolphins (Tursiops truncatus) in 

order to find food, navigate and mainly to communicate and have been the species of 

interest for many vocal acoustic studies. From all bottlenose dolphins sound repertoire 

the most studied communication signals are whistles which have been commonly 

categorized by their shape. Dolphin communication through sound has a variety of 

functions in their behaviours. Bottlenose dolphins have been observed producing 

whistles in many different behavioural situations that allows them to communicate. 

Although it seems that this whistles can transmit information, it is still unclear which 

exactly role they have in communication, therefore this study tries to give further 

information about how dolphins use sound production in different behavioural states.  

 

In the present study we analysed if behaviour was influencing whistle production and 

whistle variability in wild populations of bottlenose dolphins from the Arousa Ria 

(Galicia). The data used was collected from April to October of 2015. Survey for 

dolphins were conducted from a research vessel and behavioural information was 

collected following the predominant activity sample (PAS). Dolphins’ behaviour were 

categorized in feeding, socializing or travelling states and acoustical recordings were 

collected with an omni-directional hydrophone (frequency response of 0.02-100 kHz). 

Whistles were later selected, analysed and categorized by their contour or shape.  

 

Our findings showed that group size was not causing any effect on whistle production 

(Pearson p-value = 0.4942 and r = 0.25) and neither a specific behavioural state was 

influencing on whistle rates (Anova p-value=0.42). In contrast, whistle variability was 

found to be associated to a given behaviour (Chi2 p-value 2.84e-26). Our results differ 

from what found in other areas of the world regarding whistle production and behaviour 

but are similar regarding whistle variability. However, further long-term research is 

needed to study bottlenose dolphins in the Arousa Ria.  
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1. INTRODUCTION 

1.1 Underwater sound and bioacoustics 

 

When describing sound, the speed of propagation plays a very important role because 

it depends on the medium where it travels through. For example, the speed of sound in 

air is approximately 340 m·s-1 while the speed of sound in water is much greater, 1500 

ms-1 (May 2015). Moreover, sound intensities (given in dB, decibels) in water are not 

comparable to those measured in air (Scowcroft et al. 2012). 

 

In the marine environment the sources of underwater noise can be very diverse, from 

snapping shrimp (Knowlton and Moulton 1963) and ice cracking (Hildebrand 2004)  up 

to air guns (Care et al. 2003) and shipping noise (Scowcroft et al. 2012) among many 

others. Unfortunately, over the past few decades the shipping contribution to ambient 

noise has increased by as much as 12 dB (Hildebrand 2009) and this is causing 

negative impacts to marine life that use sound as a way of life (Nowacek, et al. 2007).  

 

As a natural and biological source of underwater noise, cetaceans (primarily whales 

and dolphins) not only contribute to sound production in the oceans but rely on it for 

their survival (J. et al. 1987). The low visibility due to the weak light (Clarke and 

Wertheim 1956) or high turbidity (Size 2006) in the deep waters make sounds to 

become crucial for marine animals, specially cetaceans, in order to find food, navigate 

and mainly to communicate (Tyack 1997).  

 

Animal communication has evolved so that individuals can make decisions based upon 

the behaviour, physiology or morphology of others (Endler 1993) although it is easy to 

find controversy and definitional ambiguities for animal communication (Ruxton and 

Schaefer 2011). As well as humans, animals need to communicate to form societies, 

find a mate, protect their babies and move freely around their environment. While most 

terrestrial mammals evolved signals in many sensory channels such as taste, olfaction 

or visual (Dudzinski et al. 2009), marine mammals and specially cetaceans have built 

through evolution one of the most elaborate specialization for acoustic communication 

(Tyack 2017).   

 

This is the point where bioacoustics comes into play, combining the study of animals 

and the study of acoustics, which goal is to understand how animals use sound and its 

role in communication. The study of acoustic signalling involves a broad range of 

ecosystems and can be recorded, analysed and synthesized with relative ease (Laiolo 

2010). Since many human activities have been reported to challenge and cause 

impacts on animal acoustic behaviour (Kight and Swaddle 2011), the study of 

bioacoustics can be of great help for the conservation of a lot of species. In this sense, 

research and technology has been expanding this knowledge in the last few decades 
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(Schwartz and Freeberg 2008) capturing the interest of the researchers in the 

understanding of acoustic communication in cetaceans.   

1.2 Sound in cetaceans 

1.2.1 Sound production and reception mechanisms in dolphins 

 

In the order Cetacea, both Odontocetes, (toothed whales) and Mysticetes (baleen 

whales) are capable of producing sound although the mechanisms do not work the 

same for each suborder. Odontocetes (which includes porpoises, dolphins and sperm 

whales) have evolved a more sophisticated use for sound such as echolocation. 

(Wursig 1989).   

 

Nowadays, the most accepted hypothesis for sound production in dolphins (family: 

Delphinidae) supports that is based on a structure called aerial sacs which may have 

unique aquatic functions regarding underwater sound production and transmission 

(Reidenberg and Laitman 2008). Most of the sounds are produced by this complex 

system of air sacs (Figure 1.1) by pneumatic actuation of phonic lip pairs within the 

blowhole (Madsen et al. 2013). The sound produced in the air sacs is channelled 

through the melon, a structure composed of fat and connective tissue which main 

function is focus sound energy (especially high frequency sounds) and propagate this 

sound from the front of the forehead to the target object (Mckenna et al. 2012). Sound 

reception mechanism, first proposed by Norris (1968) is made by the lower jaw which 

receives and conducts sound to the inner ear of the dolphin.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Current research supports that the two phonic lips can work either independently or 

simultaneously (Cranford et al. 2000) and that one might be associated with internal 

Figure 1.1 Schematic illustration of a dolphin’s head anatomy.  

Modified and adapted from Cranford et al. 1996. 
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whistle production while the other is speculated to be the source of internal click 

production (Madsen et al. 2013). Although further research is needed to keep 

supporting this hypothesis, there is clearly evidence for two sonar sources in dolphins 

(Cranford et al. 2011).   

1.2.2 Bottlenose dolphin’s vocalizations 

 

In the Delphinidae family, bottlenose dolphins (Tursiops truncatus and Tursiops 

aduncus) have been the species of interest for many vocal acoustic studies (López and 

Shirai 2009). Sounds of bottlenose dolphins are mainly classified in three categories: 

(1) broadband echolocation clicks (2) tonal frequency modulated whistles and (3) rapid 

repetition burst-pulse sounds (Killebrew et al. 2001, Nowacek 2005, Díaz López 2011). 

These types of vocalizations can be used for different purposes in different situations.   

 

The broadband “clicks” are mainly used for echolocation in terms of catching prey 

(Smolker et al. 1993) and navigation (Dudzinski et al. 2009). This sounds have high 

intensities, short duration with ultrasonic peak frequencies usually produced in rapid 

succession which have been reported to reach around 110 kHz (Wahlberg et al. 2011) 

and even higher (Au 1980). During echolocation the dolphin receives the echo 

returning from the targets present over a short range (Gridley et al. 2015).  

 

However, the use of sound during echolocation differs totally from that produced when 

there is communication, where the animals include important information in their sound 

signals that will make another individual or the receiver react in a certain way. In this 

cases, tonal frequency modulated whistles and burst-pulse sounds are known to play 

an important role in communication and social contexts (Tyack 1997, May-Collado and 

Wartzok 2008, López and Shirai 2009, Quick and Janik 2012, Gridley et al. 2015).  

Burst-pulse sounds have been commonly under study (Branstetter et al. 2012)  but 

whistles have received great attention from marine biologists in the last 50 years (Janik 

and Sayigh 2013).     

1.2.3 Dolphin’s whistles 

 

The most commonly studied communication signals in dolphin repertoires are whistles 

(dos Santos et al. 2005, Azevedo et al. 2007) which frequencies have been reported to  

range from 0.8 to 28.5 kHz (May-Collado and Wartzok 2008).  

 

Whistles can be described by certain acoustic characteristics such as duration, 

inflection points (change in frequency direction) and other frequency variables. This 

characteristics have been previously used to study the whistle variation between 

populations (May-Collado and Wartzok 2008) and within populations (Díaz López 

2011).  
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As described by McCowan (1995) whistles are usually characterized by their relative 

change in frequency over time known as the whistle ‘contour’ and therefore, whistles  

have been commonly categorized by their shape (dos Santos et al. 2005, Azevedo et 

al. 2007, López and Shirai 2009, Hawkins and Gartside 2010, Díaz López 2011). 

Although categories may have received different nomenclatures, the particular 

frequency that describes them is always characteristic for each type of whistle.  

 

 

The vocal repertoire of bottlenose dolphins is growing faster as this species are 

capable of producing many different sounds and are one of the top species of 

cetaceans for current studies. Bottlenose dolphins are thought to have the ability to 

learn vocal sounds from other individuals as result of mimicry of sounds (Richards et al. 

1984), but this has only been proved in a captivity environment  (Reiss and McCowan 

1993).  

 

One last and famous discovery about bottlenose dolphins supporting the evidence of 

vocal learning is the “signature whistle” (Figure 1.3). Signature whistles have been 

described as individually distinctive whistles used to maintain group cohesion and as a 

way of identification (Connor 2007). From a young age, bottlenose dolphins have the 

ability to copy and learn signature whistles from their mothers (Sayigh et al. 1990) and 

this learning skills are maintained throughout their life (Janik et al. 2006). It has been 

observed during mother-calf separation a repetitive production of signature whistles in 

order to find each other (Smolker et al. 1993). Additionally and according to the last 

article mentioned dolphins retain the ability as adults to imitate whistles not only from 

their mothers but from individuals with which they share a strong individual-specific 

social relationships. Signature whistles have received a lot of attention from studies in 

captivity but it seems more challenging carrying out this research in the wild (Janik et 

al. 2013).  

Figure 1.2 Multiloop whistle (more than two inflection points). Picture extracted from the 

Bottlenose Dolphin Research Institute (BDRI) 
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Signature whistles are not the only whistles that transmit information. Bottlenose 

dolphins can produce non-signature whistles which can be found in other social 

interactions even though these sounds have received much less attention (Gridley et 

al. 2015). Bottlenose dolphins have been observed producing whistles in big groups in 

a noisy and social context (Schwartz and Freeberg 2008) as well as in feeding 

interactions (Acevedo-Gutiérrez and Stienessen 2004), and in different stressful and 

exciting situations (Sidorova et al. 1990). Although it seems that this whistles can 

transmit information, it is still unclear which exactly role they have in communication.   

1.3 Dolphins’ behaviour 

 

Dolphins in general are known to have very social structures and to form complex 

alliances within populations (Pryor and Norris 1991), and specially bottlenose dolphins 

can exhibit fission-fusion group patterns with strongly differentiated relationships 

(Randic et al. 2012). This societies lead to the need to develop social strategies 

involving the participation of many individuals and therefore the recognition between 

them (Connor 2007). Males for instance, have been observed forming strong alliances 

and affiliative interactions (Rogers et al. 2004). Bottlenose male dolphins are capable 

to act cooperatively and in synchrony during social behaviours (Connor et al. 2006) but 

male to male competition and aggressive behaviour has also been observed in areas 

like Shark Bay, Western Australia (Sargeant et al. 2005).  

 

According to Frans de Waal in a book he wrote in 2009 (“The Age of Empathy”) 

bottlenose dolphins like humans, chimpanzees and elephants are thought to be 

altruistic animals. Interesting behaviours regarding this last theory have been observed 

in cases of adoption behaviour where a female mother takes care of an orphaned 

offspring who lost its mother three days after birth (Smolders 1988). However, other 

Figure 1.3 Three different signature whistles from different individuals. 

Extracted from King and Janik 2015 
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non-gentle and aggressive reactions have occurred between bottlenose dolphins like a 

case of infanticide reported by the Bottlenose Dolphin Research Institute (BDRI) on 

2016 (pers.comm.).  

 

Bottlenose dolphin behaviour can be very flexible and 

different between communities although some 

communities may interact together in a social context. 

Controversies can be found about bottlenose dolphins 

associations depending on the community. While in 

some groups females mainly associate with other 

females (Félix 1997), in other groups an individual 

prefers to associate with a specific individual  

regardless of the sex (Díaz López and Shirai 2008). 

Bottlenose dolphins have been observed playing in big 

groups while socializing (Dudzinski et al. 2009) as well 

as modifying its individual hunting tactics (Figure 1.4) 

according to the abundance of prey (Díaz López 2009). 

This leads to believe that they can act either 

cooperatively for the good of the group (Figure 1.5) or 

for its own benefit, which are behaviours clearly 

contraries.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Bottlenose dolphin behaviour includes a wide range of activities and actions involved in 

feeding, mating, diving, socializing, travelling, and sleeping among others. These 

behaviours can be accompanied by surfacing patterns such as flukes striking the water 

surface, fast surfacing, jumping, leaping, breaching, floating and many others (see 

some examples in Annex 2). Surfacing patterns are a good tool to describe the 

behaviour of a group of dolphins and has been used in studies to analyse the 

behavioural development of bottlenose dolphins (Janik and Thompson 1996, Barbara 

1999, Díaz López 2012).  

Figure 1.5 Cooperative feeding strategy: dolphins strand 

themselves to catch fish. Picture by Patricia Schaefer, 

(Gubbins 2002) 

Figure 1.4 Bottlenose dolphin 

feeding solitary using 

echolocation to find fish hiding 

beneath the sand, in the 

Bahamas (Foer 2015) 
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However, detecting and associating a surface pattern to a behaviour is not something 

easy since dolphins spent most of their time underwater. The study of highly mobile 

animals in an aquatic environment can set limitations to researchers to gather 

information. Additionally, surfacing patterns are not characteristic of just one behaviour, 

since a surface movement involved in feeding might be also observed in a different 

behavioural context such as socializing. Behavioural events such as tossing or kicking 

fish (Figure 1.6) can be very representative of feeding behaviour but events like 

breaching or leaping have been seen in both feeding and socializing behaviours. 

Therefore, it seems tricky to determine exactly in which behavioural state a group of 

dolphins might be at a certain time.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Having mentioned that bottlenose dolphin behaviour can be flexible between 

communities, it is known that ecological forces act strongly on the social behaviour of 

Figure 1.6 Fish tossing. Feeding behaviour 

(Schwarz 2015) 

  

Figure1.7 Regular diving mother and calf in travel behaviour. Picture 

taken by the BDRI. 

Figure1.8 Body contact in social behaviour. Picture taken 

by the BDRI 
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cetaceans (Rogers et al. 2004). Therefore dolphin behaviour can depend on 

geographic distribution since feeding patterns happen according to prey availability and 

abundance (Dos Santos et al. 2007). Similarly, social structures of bottlenose dolphin 

can be formed according to the geographic distribution. This is the case of the Arousa 

Ria where this study takes place, where a group of resident bottlenose dolphins appear 

to frequent this area very often and has been studied since 2014. The positive aspect 

of having a resident group of dolphins is the “easy” identification of the individuals (by 

photo-ID) that allows to know how their social structure works as well as the possible 

alliances within the group. This area of enriched nutrients and shellfish farming seems 

to attract groups of bottlenose dolphin whose main activity in the area is to feed around 

this mussel farms (Díaz López and Methion 2017).   

1.4 Acoustics in dolphin’s behaviour 

 

Besides all the vocal repertoire of bottlenose dolphins, there is some non-vocal 

communication which also involves sound. All surfacing events like breaches, leaps, 

tail slapping and chin slapping produce sound under water that likely carry a 

communicative message (Dudzinski et al. 2009). Dolphin communication through 

sound has a variety of functions in their behaviours. For instance, intersexual selection, 

which incorporates a variety of behaviours that maintains social orders within the sexes 

such as hierarchies of dominance or maintenance of territories can be determined by 

sound production (Simmonds et al. 2004).  

 

Group cohesion is another part of a dolphin’s behaviour used as an advantage for 

feeding or protection against predators. An increase in whistle production has been 

observed while feeding (Acevedo-Gutiérrez and Stienessen 2004) and in presence of 

‘swim-with-dolphin’ tour operations to maintain group cohesion (Scarpaci et al. 2000). 

Also mother-calf relationship involves a cohesion bond. The calf learns important life 

skills, such as foraging and social behaviour, through whistles. If a mother and calve 

are separated in the wild they will start whistling at high rates (Sayigh et al. 1990b) and 

if any noise disrupted this communication it could lead to the severe debilitation and 

even death of a dependent calve (Smolker, R. Mann, J. Smuts 1993) . 

 

Foraging, mating, and parental strategies are examples of components that influence 

signalling behaviour (Dudzinski et al. 2009) and a variety of sounds have been 

associated with surface and underwater behaviours (Herzing 1996).  

 

All studies based on whistle characteristics, whistle variation, signature whistles and 

factors promoting whistle production have the common goal of understanding why and 

how this whistles are used in the complex and social context of cetaceans, which can 

be studied through behaviour. According to National Oceanic and Atmospheric 

Administration (NOAA) Fisheries (2014), studies on cetacean behaviour provide 
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information on social organization and structure, social signals, mating systems and 

anthropogenic impacts. These studies can provide us with information about population 

distributions and trends as well as fishery interactions, and it can be helpful to 

understand dolphins and other cetacean species and to guarantee their protection and 

conservation.  

 

Regarding the Whales and Dolphins Conservation organization in the UK (WDC), all 

dolphins and whales are protected species under the European law and specially 

bottlenose dolphins and harbor porpoises, which are listed as species whose 

conservation needs special areas of conservation (SACs). It is important to not forget 

that dolphins (and in general marine mammals) are part of complex marine food webs, 

and it has been evidenced the importance of top predators in some ecosystems (Coll 

and Libralato 2012), and how the food web can be affected by changes in the 

presence/absence of a certain species (Coll et al. 2009). Additionally, recent studies 

have documented that a decline in marine top predators can initiate trophic cascades 

(Heithaus et al. 2008) and that the keystone role of top predator is more prominent in 

protected environments (Coll and Libralato 2012).   

 

According to a conservation definition extracted from the book “The Bottlenose 

Dolphin, Biology and Conservation” by E. Reynolds et al. (2013): 

 

Conservation includes management measures, and means the 

collection and application of biological information for the purposes of 

increasing and maintaining the number of animals within species and 

populations at some optimum level with respect to their habitat. 

 

Therefore, the present study based on the 

relationship between whistles and behaviour in 

bottlenose dolphins is a good opportunity to know 

well this target species in order to provide 

information for a good and organized protection of 

the species. Although some studies have already 

linked the effect of behaviour with whistle production 

(Acevedo-Gutiérrez and Stienessen 2004, Schwartz 

and Freeberg 2008, López and Shirai 2009, 

Hawkins and Gartside 2010b, Díaz López 2011 ,J. 

Quick and M.Janik 2012) further research is needed 

to confirm and contrast the results from these 

studies. 

 

Moreover, many of the research to study dolphins whistles have been carried out in 

captivity, and very little is known about how they use them in the wild (J. Quick and 

Figure1.9 Recording sounds in the  

wild. Picture by the BDRI. 
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M.Janik 2012). In the present study we analysed whistle production and behaviour in 

wild populations of bottlenose dolphins from the Arousa Ria (Galicia). The research 

was carried out by the Bottlenose Dolphin Research Centre (BDRI) which is a private 

and self-funded marine science centre located in the North- Western Coast of Galicia 

(Spain) that carries a research and training in cetacean’s (dolphins, whales and 

porpoises) ecology and behaviour. The Arousa Ria together with the BDRI meet the 

needs for carrying out good field research to develop effective protection guidelines 

and learn more about dolphins (Díaz López 2016).  
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2. OBJECTIVES 

 

The main motivation to develop this project is to give further explanation about the 

relation between the whistles produced by free-ranging bottlenose dolphins and a 

specific behavioural activity through the properly discrimination and analysis of the 

whistles from other sounds produced by the Tursiops truncatus.  

 

Additionally and more specifically we will try to answer and explain specific goals 

regarding the effect of behaviour on the production and variability of whistles in a 

resident population of bottlenose dolphins in the Arousa Ria, Galicia.   

 

The questions contemplated for this study are the following: 

 

 Whistle production rates - group composition. Determine whether whistle 

production rates are affected by group composition and how. Group 

composition is an added category which can be helpful in understanding whistle 

production rates variation.  

 

 Whistle Production rates - specific behaviour. Determine whether whistle 

production rates are affected by a specific behavioural activity and how. 

 

 Whistle variability – specific behaviour. Determine whether a type of whistle is 

predominant in a specific behaviour.  
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3. MATERIALS AND METHODS 

 

Due to the fact that the BDRI works on long-term projects the data collection on 

dolphins must be continuous and constant meaning that we had to take advantage of 

every good weather day. However, the transcription of the data is not as easy and 

fast since it requires accuracy and determination, which demands more investment of 

time. Therefore, the data is not always being transcribed the same day of its 

collection. Since the transcription of the data I collected during my participation on this 

project (January-April 2017) is not already completed, the data used in the present 

study was collected before and belongs to 2015.  

3.1 Study area 

 

This study was carried out all around the Arousa Ria located in the province of 

Pontevedra, in the south-west coast of Galicia (Figure 3.1). The Ria belongs to what it 

is called the “Rías Baixas”, which divides the Arousa and Pontevedra inlets that enter 

the south-west Galician coast (Díaz López 2016) and it is considered the largest of the 

four Rias Baixas (Alvarez-Salgado et al. 1996). A ria is a long, narrow inlet formed by 

the partial submergence of a river valley (Ayto 2003). Many times it can be referred to 

as a type of estuary although not all rias can be influenced by estuarine processes 

(Evans and Prego 2003). This type of landform is very common all along the west 

coast of Galicia (Spain).The Bottlenose dolphin research institute (BDRI) is situated in 

the O’ Grove peninsula which is located in the outer area of the Arousa Ria . 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All the Galician coastal area is influenced by an upwelling phenomenon (Prego and 

Bao 1997) bringing fresh water and providing the Rias with great amounts of nutrients. 

Figure 3.1 Satellite view of the Arousa Ria. Red circle locates the BDRI. 

Extracted from google maps. 
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The combination of this coastal upwelling and the circulation patterns in the Ria 

promotes an important increase in phytoplankton populations that leads to a high 

mussel production (Figueiras et al. 2002). This nutrient enrichment of the Ria and the 

presence of mussels attracts some fish species, sardines among them (Tenore et al. 

1995) as well as small decapods, polychaetes and amphipods (Chesney and Iglesias 

1979). All this biological productivity makes this Ria a good area to find several species 

of cetaceans and especially common bottlenose dolphins, which  appear frequently in 

these areas of mussel farming (Díaz López and Methion 2017a).  

3.2 Data collection 

 

The data analysed for this study was collected in the Arousa Ria from the 28th of April 

until the 7th of October of 2015, and it was obtained from resident free-ranging 

bottlenose dolphins that have been under study since 2014.  These dolphins are 

habituated to human presence and can even be identified individually by the 

experienced investigators of the research institute. Field data collection was comprised 

by two procedures: direct observations and acoustic recordings.  

3.2.1 Direct observation 

 

Survey for dolphins were conducted from a 12-m research vessel equipped with all the 

navigation, safety and equipment needed to work on board. Weather conditions had to 

be optimal, excluding fog or rain and sea conditions >3 on the Douglas (which refers to 

a sea state) sea force scale (approximately equivalent to the Beaufort wind force scale) 

(Diaz López and Shirai 2009). The boat-based observations were carried out during 

daylight and could last several hours depending on the weather. Naked eye and or 

10x50 binoculars were used to scan sea surface looking for dolphins. The team was 

divided and distributed in different positions on the boat to cover all possible viewing 

angles, and always with at least three experienced observers scanning from the top of 

the boat.  

 

 

 

 

 

 

 

 

 

 

 

 Figure 3.2 Boat based observations with BDRI staff. 

Picture taken by the BDRI. 
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A predefined course (starting point being the harbor) was followed until the first group 

of dolphins was spotted (Díaz López 2011), The boat’s GPS position was taken every 

5 minutes even in the absence of dolphins. Group size and individual recognition was 

assessed in situ defining group as one or more dolphins usually involved in the same 

activity (Díaz López 2006) and identifying the individuals by nicks, scars and marks in 

their dorsal fins. Dolphin’s identification was verified with the use of photographs and 

video recordings taken all along the sighting which will be used in photo-identification 

in the later analysis. Calves were also identified when present classifying them in two 

categories:  the new-borns, with a body length less than 1.5 m, that had foetal folds or 

lines, yellowish coloration and swam in infant positions next to their mothers, and the 

immatures, with a body length less than 2.5 m, which were consistently swimming 

beside and slightly behind the mother (Annex 1, Figure A.1). Finally, dolphins whose 

body length was higher than 2.5 m with darker and skin coloration were considered 

adults (Díaz López and Methion 2017) .  

 

Once sighted the dolphins, a behavioural sampling survey was taken every 5 minutes 

from the top of the vessel. The first information to note down was the time of spotting, 

the GPS position and once the boat had reached the dolphins, behaviour, group size 

and presence of adults and calves was assessed. Behavioural information was 

collected following the predominant activity sample (PAS) (Annex 1, Figure A.2), 

which is a method that measures states with a brief interval length of time in order to 

capture the briefest states of interest (Mann 1999). Following (Díaz López 2011), the 

behaviour patterns or states considered in the 

dolphins community of the Arousa Ria  were: 

“feeding” (dolphins preying on free-ranging 

prey or taking prey that are trapped in fish 

farm cages or fishing nets), “travelling” 

(dolphins swimming on a consistent course 

with all the members of the group separated 

by a few body lengths of each other and doing 

rhythmic surfacing followed by shallow dives), 

“socializing” (animals involved in surface 

activity and underwater behaviour including 

interactions with other group members and 

aerial activity) and “resting” (which referred to 

a calm and peaceful behaviour swimming 

slowly and being almost stationary). See 

Annex 1 Figures A.3, A.4, A.5, A.6. The 

selected behaviour was also complemented 

by observed behavioural events (see Annex 

2), dive duration, contact among individuals and other characteristics (Díaz López et al. 

2013).  

Figure 3.3 Dolphin leaping in a social or 

feed state. Observed behaviour from the 

BDRI boat. Picture taken by the BDRI 

staff 
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Finally, at the end of each 5-minutes survey it was written down whether pictures or 

video recordings were taken, and an estimation of the group size was made with a 

summary of all the individuals identified during the sighting, number of adults, 

immatures, and new-borns. The sighting was finished when the group was considered 

lost after 15 minutes without a sighting (Díaz López 2011).  

 

3.2.2 Acoustic recordings  

 

The acoustical recordings were collected 

at the same time of the behavioural 

sampling in order to analyse the relation 

between the behaviour pattern and the 

sounds. When recording both the 

dolphin’s sounds and behaviour the 

vessel was stationed approximately 50 

to 100 m from the group of dolphins with 

the engine turned off in order to not 

disturb the animals. To carry out this 

type of acoustic recording the dolphins 

had to be more or less around a certain 

area to not lose track of them. 

 

An omni-directional hydrophone with a frequency response of 0.02-100 kHz connected 

to a preamplifier was lowered into the water to a depth that varied between 7-9 m 

(Figure 3.4). Dolphin signals were digitally sampled using a professional 2-channel 

mobile digital that could record sounds up to 48kHz (López and Shirai 2009). This 

frequency covers almost all the whistles produced by bottlenose dolphins excluding 

some burst pulsed sounds or clicks that can have frequencies >48 kHz (Gridley et al. 

2015).  

 

The sound recording was monitored via headphones by the expertise on cetacean’s 

acoustic Bruno Díaz López to guarantee the quality of the data. In every acoustic 

recording start and finishing times were written down as well as the recording 

identification number (ID) in order to associate later the ID with the behaviour 

observed. The acoustic recording was stopped every time that there was dragging of 

the boat, noise pollution or a high source of noise that was making the recording loose 

its quality. For this reason, the conditions to do acoustic recording had to be always 

optimal with a low Douglas, no currents or wind, and always trying to avoid the 

presence of boats around.   

 

Figure 3.4 Hydrophone and recorder used in 

the field acoustic recordings. Picture provided 

by the BDRI. 
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3.3 Bioacoustical analysis 

 

All the acoustic recordings collected were played in a computer using the Spectrogram 

6.2.3 program (Visualization Software LLC by Richard Horne) which takes digital audio 

files from the computer and displays them into a plot of frequency versus time. The 

level of each sound is represented on a spectrum characterized by a colour scale that 

varies from 0 dB (being the strongest sound) and below. Even though the human 

earing can just reach levels that are up to 20 kHz (Blauert 1997), this spectrograms 

reveal the frequencies that are over our capable hearing and are very useful to identify 

and discriminate different sounds. Before the analysis, we had to set some display 

parameters and frequency analysis parameters provided in the control panels of the 

program. Parameters such as the frequency scale, frequency resolution (Hz) as well as 

the spectrum level (in dB) had to be adjusted manually before analysing the file. Once 

all parameters had been set we could start the analysis of the whistles which were 

identified based on visual and auditory analysis (Díaz López 2011). This analysis was 

carried out in two main steps: 

3.3.1 Whistle discrimination and counting 

 

As described in (López and Shirai 2009), in this first step the sounds were divided into 

two categories, the “tonal signals” which referred to whistles and the “burst pulsed 

sounds” (Figure 3.5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this study we were only interested in the use of whistles but first we had to do the 

proper discrimination between this two categories. This first part consisted on counting 

the number of whistles in an interval of 10 seconds per window (displayed screen) to 

have finally the number of whistles present in 1 minute of the recording. In this way we 

had each recording divided minute by minute with a certain number of whistles.  

Figure 3.5 On the left, U-Shape whistle, on the right a burst pulsed 

sound (BPs). Picture provided by the BDRI. 
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Following Díaz López (2011) whistles were divided into three different quality 

categories (“low”, “average” and “high” quality) (See Annex 3, Figure A.8, A.9). When 

categorizing them, a high or average quality whistle had to be 20dB higher than the 

background and we had to be able to distinguish the start/finishing time as well as the 

shape of the whistle. Although low quality whistles were not used in the post analysis it 

is good to count them because it allows us to know that there was communication.  

Moreover, at the end of each recording we also categorized the record quality as 

having high noise pollution, average noise pollution and low noise pollution (See Annex 

3, Figure A.10). This last information could be useful to show some complementary 

results regarding the relation between the whistle productions based on the 

background noise pollution. 

3.3.2 Whistle selection, description and categorization 

 

In this second step only “high” and “average” quality whistles were selected to be used 

for the subsequent analyses. This whistles were transcribed into a notebook by noting 

the date and time of the recording and the contour of the whistle was described by its 

frequency characteristics and its inflexion points. The shape classification was made as 

described by Díaz López (2011) and Azevedo et al. (2007) and whistles were classified 

into the following groups: “flat” (whistles with no inflection points and constant 

frequency), “rise” (whistles with no inflection points and increasing frequency), “fall” 

(whistles with no inflection points and decreasing frequency), “wave” (whistles with one 

inflection point and increasing - decreasing frequency), “u-shape” (whistles with one 

inflection point and decreasing- increasing frequency), “sine” (whistles with two 

inflection points) and “multiloop” (whistles with more than two inflection points) (See all 

Figures from Annex 4)    

After describing the whistle shape, a group size and behavioural state was assigned to 

each selected whistle with the complementary information extracted from the photo-

identification and behavioural analysis respectively (Díaz López 2011).  

 

 

 

 

 

 

 

 

 

 

 Figure 3.6 Example of a sine whistle, with two inflection points. Picture 

provided by the BDRI. 
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3.4 Statistical Analysis 

 

All information recorded was introduced into a database using Access and the data 

regarding the date, sighting, group size, number of recordings, record duration, noise 

pollution, number of whistles, whistle’s quality and behaviour was used in the statistical 

analysis.    

 

The statistical analysis was carried out using the program PAST (Hammer et al. 2003) 

for the statistics and Excel for the graphs and tables. First we did a descriptive analysis 

to identify appropriate numerical (e.g. mean, SE, minimum, maximum) and 

graphical summaries for each studied variable. Normality of the data was test using 

Shapiro-Wilks and homogeneity of data was checked using Levene test.  

 

As described in Díaz López and Shirai (2009) the most effective way to study the 

production of whistles in dolphins is using the whistle ratio (whistle/min) because the 

number of whistles produced on a recording are highly and positively correlated with 

the duration of each recording. Since the duration can cause an effect on the number 

of whistles, for the following analysis of the whistle production the variable used was 

whistle ratio (whistle/min).   

 

Correlation tests were used to study the relation between the whistle ratio and the 

group size to observe if they were independent one to another. Afterwards, an analysis 

of variance (ANOVA) was used to test if the whistle production rate was associated 

with certain specific behaviours: social, travel and feed. Anova test allows to test if 

differences on the mean production rate among this groups are significant (p-value 

<0.05). Normality of the data was test using the Shapiro-Wilk test and homogeneity of 

variances by means of Levene test (p-value <0.05).  

 

Finally, I used a contingency table analysis (Chi-squared test) to test for a significant 

association between two categorical variables: whistle type and behaviour, and to show 

if there was any type of whistle which was predominant on a specific behaviour.  
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4. RESULTS 

4.1 Descriptive analysis  

 

As mentioned in Materials and Methods, the data used for the analysis corresponded 

to the time from April 28th to October 7th of 2015. In this period of 6 months, there were 

30 days of effort doing boat based observations in which 61 sightings (group of 

dolphins) were spotted. Out of this 30 days, bioacoustics recordings were done in 15 

days in which a total of 19 sightings were spotted. Therefore, the data used 

corresponded to this 15 days of boat based observations.   

  

Over all the sightings (n=19), 52 acoustic recordings were carried out with an 

approximate mean of 3 recordings per sighting (mean = 2.74). All recordings added up 

to a total of 190.82 minutes and within the 52 recordings (n=52), a total number of 1956 

whistles were recorded.  

 

In addition, over the 19 groups of dolphins spotted (here after called “sightings”), a total 

number of 299 individuals were counted in which 269 (90%) individuals were adults 

and 30 (10%) individuals were calves. The two subcategories of calves commented in 

the section of direct observation (new-borns and immatures) were considered all in the 

same group.  

 

Regarding the behavioural data, out of 19 sightings, 9 of them corresponded to a 

feeding behaviour in which 24 recordings (46%) accounted for this behaviour. For a 

socializing behaviour we had 4 sightings in which we had 10 recordings (19%).The 

travelling behaviour corresponded to 4 sightings in which 15 recordings (29%) 

accounted for travel and finally 2 sightings belonged to a resting behaviour with a total 

number of 3 recordings (6%) addressing to this behaviour (Figure 4.1)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 Percentage behaviour per recordings. 

Each category refers to the different behaviour 

states observed during the study.  
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See table Annex 5 for more details about this data (e.g. minimum, maximum, means 

and SE). 

 

When we work with whistles we have to take into account the effect of the record 

durations on our number of whistles as mentioned at the end of materials and methods 

section. Logically, when the duration is longer there is more probability of whistle 

production from dolphins and thus more probability for us to listen to them.  

 

Correlation was tested between duration of recordings and number of whistles, 

normality and homogeneity of both variables was checked with the Shapiro- Wilk test 

(p-value = 1.01e-06 and p-value= 2.42e-11, respectively) and Levene test (p-value= 

4.60e-06) which showed that both variables were non-normal. Therefore, the non-

parametric test of Spearman was used to test for the correlation between them and the 

p-value = 1.17e-12 and the correlation coefficient = 0.799 obtained showed a 

significant positive correlation as we expected. However, the duration in this case is a 

variable that can somehow be “under control” and that is why we calculate the whistle 

ratio.  

 

Nevertheless, after calculating the whistle ratio (whistle/min) the duration of the 

recordings was still affecting this main variable. The reason of this is because the 

duration of a recording is affected by human error. To confirm the remaining effect of 

duration on whistle ratio normality and homogeneity was checked again for whistle ratio 

confirming non-parametric data. I used again Spearman test between the whistle/ratio 

and the duration of recordings. Results (p-value= 2.09e-09 and =0.72) showed that 

whistle ratio was highly and positively correlated with the duration of each recording 

(figure 4.2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After looking at my data and according to Figure 4.2 I observed that almost all 

recordings with a duration <129 seconds did not contain any whistle production. This 

Figure 4.2 Scatter plot between whistle ratio and the duration of all recordings.  
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made think about the senseless of studying whistle production with recordings that do 

not have whistles. All this recordings were still causing a correlation between whistle 

ratio and duration (second result from Spearman). That is the reason why this bias was 

corrected by discarding this values (recordings <129 seconds) from the analysis which 

represented a 40% of the total recordings. This value was reached after checking 

correlation between whistle ratio and duration of recordings and once reached a p-

value>0.05. After deleting them, we checked again for the correlation (with Spearman 

test) between the whistle production and the duration of the recording, and non-

significant results were obtained (p-value = 0,057 and = 0.33). 

 

After this correction the size of the data changed, and finally the data used in the 

following analysis corresponded to 10 sightings and 32 recordings with a mean of 3.2 

recordings per sighting (Table 1). The total duration of the 32 recordings summed up 

2.80 hours (167.73 minutes) .With this results we observe that the total duration of all 

recordings has decreased by 23.09 minutes. Despite this loss of total time in 

recordings, the number of whistles recorded in them did not decrease much.  

 

The total number of whistles in the 32 recordings was 1947 whistles with a mean of 

60.84 whistles/recording with a maximum value of 430 whistles and minimum value of 

0 whistles. The mean of the whistle ratio per recording (whistle/min) was 9.81 and it 

ranged from the minimum of 0 whistle/min to a maximum 30.8 whistle/min (Table 1). 

This result is higher compared to the initial mean whistle ratio (6.18 whistle/min) in 

Annex 5.  

 

Table 1.  Descriptive table showing minimum, maximum, means and standard error of all the 

variables used in the study after deleting the recordings with duration <129 seconds. All the 

variables in the table written below “recordings” have been used according to n=32 and all the 

variables in the table written below sightings have been used according to n=10. 

Variables  N  Min Max Mean ± SE 

Recordings  32 

   Recordings per sighting  

 

1 9 3.2 ± 0.89  

Duration recordings (seconds)  

 

129 965 314. 5 ± 33.59 

Number of whistles per record  

 

0 430 60. 84 ± 15.46 

Whistle ratio (whistle/min)  

 

0 30.8 9. 81± 1.66 

 

 

    Sightings (groups of dolphins)  10 

   Group size (individuals)  

 

6 34 20. 7 ± 3.20 

Adults (individuals)  

 

4 32 19. 1 ± 3.25 

Calves (individuals)    0 4 1. 6 ± 0.4 
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Over the 10 sightings, the total group size of individuals was reduced down to 207 

individuals in which 191 (92%) were adults and 16 (8%) were calves (Figure 4.3). The 

mean of individuals per sighting was 20.7 with a maximum of 34 individuals per 

sighting and a minimum of 6 individuals. Means of adults and calves per sighting were 

20 (19.1) and 2 (1.6) individuals/sighting respectively, the maximum number of calves 

found in a sighting was 4 individuals while in adults was 32 individuals (Table 1).  

 

 

 

 

 

 

 

 

 

 

 

 

4.2 Effect of group size in whistle production 

 

To study if whistle production is dependent on the group size I did a correlation test 

between the number of individuals in each sighting and the whistle ratio produced in 

each one. Normality and homogeneity of variances of both variables was checked with 

a Shapiro-Wilk (p-value group size= 0.12 and p-value whistle/min= 0.38) and Levene test (p-

value=0.54) which showed parametric assumptions were met. Results from the 

Pearson correlation test (p-value = 0.4942 and r = 0.25) showed non-significant 

relationship between the group size the production rate of whistles. 

 

It is worth to mention that out of 10 sightings, 8 sightings corresponded to groups with 

at least 1 calve and 2 sightings didn’t have any calve present. Mean whistle ratio for 

groups with calves and groups with no calves is presented in Figure 4.4.  

 

 

 

 

 

 

 

 

 

 

Figure 4.3 Percentage of group size in 10 sightings. 
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4.3 Effect of behaviour in whistle production.  

 

To study the effect of the behaviour on the whistle production I first selected all values 

for whistle ratio and classified them in the three categories of behaviour (feed, travel 

and social). “Rest” was not considered in the analysis anymore since all the recordings 

(3 in total) that belonged to a resting behaviour were deleted when correcting for the 

correlation between whistle ratio and duration of recording.  

 

From the 32 recordings left, 53% (n=17) corresponded to a feed behaviour, 25% (n=8) 

corresponded to a social behaviour and 22% (n=7) recordings corresponded to a travel 

behaviour (Figure 4.5).   

 

 

 

 

 

 

 

                             

 

 

 

 

Figure 4.4 Representation of the mean whistle ratio and the SE for 

groups with calves and groups without calves 

Figure 4.5 Percentage of each behaviour for the 32 

recordings left: Feed, Travel and Social  
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Out of the three maximum recording durations for the three behaviours, the highest 

was 965 seconds (16.08 minutes) in feeding while the lowest was 414 seconds (6.9 

minutes) in travel (Table 2). Mean recording durations did not differ much between feed 

and social but resulted a little lower for travel. 

  

Out of the 1947 whistles in the 32 recordings, a total of 1309 whistles were produced in 

a feeding state, 137 whistles were produced in a travelling state and 501 whistles were 

produced in a socializing state. The mean number of whistles per recording for each 

behaviour was 77 whistles in feed, approximately 20 whistles in travel and 

approximately 62 whistles in social. Observing the maximum number of whistles found 

in each behaviour, the highest was 430 whistles in feed while the lowest belonged to 

travel (Table 2).   

 

Table2. Descriptive table showing minimum, maximum, mean and standard error values of the 

variables regarding the three behaviours.  

BEHAVIOUR   N Min-Max Mean ± SE 

FEED         

 
Recordings  17 

  

 

Duration (sec) 
 

145 - 965 353.47 ± 53.17 

 
Whistles 

 
0-430 77 ± 25.29 

 
W/min 

 
0 – 30.80 11.27 ± 2.65 

TRAVEL         

 
Recordings  7 

  

 

Duration (sec) 
 

129 - 414 233,29 ± 41.13 

 
Whistles 

 
0 - 51 19.57 ± 7.23 

 
W/min 

 
0 – 10.98 4.39 ± 1.57 

SOCIAL         

 
Recordings  8 

  

 

Duration (sec) 
 

135 - 631 302.75 ± 60.63 

 
Whistles 

 
11 - 254 62.63 ± 28.18 

 
W/min 

 
2.74 – 24.15 11.45 ± 2.86 

 

An analysis of variance (ANOVA) was performed to study if the whistle ratio could be 

dependent of the behaviour. I first checked for normality of the response variable in 

each behaviour group with Shapiro-Wilk test (p-value feed= 0.01, p-value social=0.33, 

p-value travel=0.3), as well as homogeneity of variances with Levene test (p-

value=0.03) Results showed parametric assumptions were not met. Before doing the 

statistical test I transformed the data in order to reach the normality. After the 

transformation, normality and homogeneity of variances of the response variable were 

obtained. Therefore, the ANOVA test was performed and results showed no significant 

difference in the mean whistle ratio between the analysed behaviours (p-value=0.42).  
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Feed and social behaviour had similar mean values being 11.27 whistle/min and 11.45 

whistle/min respectively whereas travel had a mean whistle ratio of 4.39 whistle/min. 

The dispersion of the values regarding the feed and social behaviour is quite similar 

compared to the travel state. Feed behaviour seem to have a more variable range 

reaching up to almost 31 whistles per minute, (Figure 4.6) which is the maximum of 

whistle ratio for the three behaviours. The lowest maximum whistle ratio belongs to 

travel (10.98 whistle/min). Additionally, the minimum whistle rate in the feed and travel 

behaviours was 0 whistle/min while the minimum whistle rate in the social behaviour 

was 2.74 whistle/min (Table 2).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.4 Effect of behaviour on whistle variability 

 

As mentioned in the materials and methods section, whistle shape was categorized 

when analysing “high” and “average” quality whistles. During the period of data 

collection, 488 whistles were considered either high or average quality whistles to be 

analysed in the present study. Whistles were classified by its shape (fall, flat, u-shape, 

multiloop, rise, sine and wave) and were also associated to a behaviour (feed, travel 

and social).  

 

Figure 4.6 Boxplot showing the whistle ratio for each behaviour. Feed (n=17), 

Travel (n=7), Social (n=8).    
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To study if a whistle type was associated to a specific behaviour (feed, travel and 

social) I did a contingency table analysis (Chi-squared test) between this two 

categorical variables. According to the assumptions of a Contingency table, “fall” and 

“flat” whistle types were not included in the test because the expected values were <5 

(Table 3).  

 

Table3. Table of observed effectives showing the number of whistles for both variables, behaviour 

and whistle type.   

 

BEHAVIOUR 
 

TYPE FEED TRAVEL SOCIAL TOTAL 

U-SHAPE 25 0 0 25 

MULTILOOP 47 1 3 51 

RISE 113 4 4 121 

SINE 79 3 114 196 

WAVE 57 0 33 90 

TOTAL 321 8 154 483 
 

The two hypothesis considered here were: 

- H0: Whistle type and behaviour are independent 

- H1: Whistle type and behaviour are not independent 

 

The value obtained for the Chi-squared statistic (2= 139.62) was higher than the value 

extracted from the chi-squared distribution table (2
0.05,8 = 15.51), and the p-value 

2.84e-26 was much lower than 0.05. Therefore, the null hypothesis (H0) was rejected 

and a significant association was found between the whistle type and the given 

behavioural states.  

 

Table4. Table of observed effectives in frequencies for both variables, behaviour and whistle 

type. 

 

BEHAVIOUR 

TYPE FEED TRAVEL SOCIAL 

U-SHAPE 8% 0% 0% 

MULTILOOP 15% 13% 2% 

RISE 35% 50% 3% 

SINE 25% 38% 74% 

WAVE 18% 0% 21% 

TOTAL 1 1 1 
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According to the Figure 4.7, the association between whistle type and a specific 

behaviour could be mostly explained by sine whistles (whistles with two inflection 

points) and rise whistles (whistles with no inflection points and ascendant frequencies). 

Sine whistles appear to have a higher occurrence (74%) in a social context compared 

to feed and travel behaviours (See observed frequencies in Table 4.7). In contrast, rise 

whistles are more frequent when dolphins are travelling (50%) or feeding (35%) rather 

when they socialize (3%). Additionally, multiloop whistles (whistles with more than two 

inflection points) are more encountered when feeding or travelling although in a lower 

frequency. The same happens with wave whistles (whistles with one inflection point 

and descendant-ascendant frequencies) which only seem to be produced when 

dolphins feed or socialize. U-shape whistles do not have a strong association in this 

case and the few of them seem to appear just when dolphins are feeding. Finally, the 

rest of the whistle types do not seem to have any strong association with any of the 

behaviours.  

 

 

Figure 4.7 Occurrence (in %) of the different whistle types to the different observed 

behaviors 
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5. DISCUSSION 

5.1 Difficulties in bioacoustics, whistles and behaviour data analysis 

Bioacoustic recordings in the water are sometimes very difficult because natural 

conditions to do bioacoustics in the ocean must be very optimal. Sea state must be 

calm, boats have to be far away from the spot of the recording, no currents and no fog 

or rain are necessary, dolphins must be more or less around at a certain distance, etc. 

(Díaz López 2011). For these reason, in the present study we could be able to do 

bioacoustics just in half of all days of data collection. To meet all this factors at the 

same moment not only depend on the researchers, but on nature.  

In all sightings (group of dolphins) spotted we have an idea of how many recordings we 

did in each one (around 3) but this number will depend on the situation. If conditions 

are good enough to maintain a recording playing we would obtain fewer recordings per 

sighting but longer in duration. When the conditions are not good, such as in the case 

of a change in the dolphins’ state,  or if dolphins decide to leave, or whether no more 

sound production is detected for a certain time, that sighting would have more number 

of recordings but shorter in duration. Moreover, besides the natural conditions and 

dolphins behaviour, the number of acoustic recordings in a sighting will also depend on 

the person who is recording which decides when to stop and start a new recording.  

Besides the duration, the quality of the recording is also important and it is set when 

good weather conditions are present, when dolphins are at an appropriate distance 

from the boat to be recorded, when there is not dragging or other sound interrupting the 

production of whistles, etc. (Díaz López 2011). Working with the number of whistles as 

a target variable is difficult since it is affected by external agents that sometimes are 

not manageable in order to make them constant or non-existent. For instance, when 

analysing whistles with the Spectrogram program the noise pollution can determine the 

quality of the recording. If a recording has a high noise pollution it is likely that we will 

not be able to distinguish the total number of whistles in that recording. Additionally, 

dolphins can produce sounds at frequencies that human ear cannot detect and, if these 

whistles are not clearly represented in the spectrogram, they can also be unnoticed. 

Therefore, human action plays an important role when analysing the number of 

whistles in recordings and, moreover, some external factors increase the probability of 

error when collecting and analysing data in bioacoustics.  

An aspect that must also be considered when analysing behaviour is that not all 

behavioural states are simple and easy to determine. Assessing a specific behaviour of 

a group of animals that spend most of their time underwater is challenging and needs 

of professional experience. Moreover, and as mentioned in the Introduction section, 

surface activities can be involved in different behaviours which can create some bias 
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when classifying that behavioural state and therefore having recordings not perfectly 

classified. 

Regarding the whistle type analysis, when we select high or average quality whistles 

sometimes is not very easy to determine clearly the characteristics of the whistles 

which is another little bias that can be added to our analysis. When whistles are of 

short duration or the beginning and ending of the whistle is not clear enough it can be 

somehow confusing categorizing them by its shape.  

5.2 Bottlenose dolphins’ behaviour in the Arousa Ria   

As our results showed, almost all the family groups that we spotted in the Arousa Ria 

were comprised by adult individuals. This doesn’t necessarily mean that the population 

in the Arousa Ria is mostly comprised by adults but they are most likely to be spotted 

from the boat. Also, according to previous studies carried out in the area many of these 

dolphins are already familiar with the research vessel from BDRI and sometimes they 

can approach the boat or follow it, which gives us an opportunity to study them much 

closer (Bruno Díaz, pers. comm..). Although we have been able to spot some calves, 

we realized that the groups of adult females that were with new-borns or immature did 

avoid to approach to the vessel. It seems that infants typically associate with young 

females, adult females or other infants (Barbara 1999). Therefore, the low number of 

calves spotted might be associated to behavioural changes in female adults in 

response to a possible threat which in this case was our vessel (Stensland and 

Berggren 2007).  

 

In the present study, most of the sightings and acoustic recordings correspond to a 

feeding behaviour which is something that we expected since the studied area in the 

Arousa Ria is enriched by nutrients and fish species that attract dolphins and provides 

them with high quality prey. The second highest number of recordings belongs to travel 

behaviour followed by social behaviour. It looks this population spends most of their 

time feeding, then travelling possibly with the aim to find another feeding spot and 

socializing some time (Díaz López and Methion 2017).   

 

Regarding the effect that the duration has on our whistle ratio and after discarding all 

those short recordings we could extract something interesting on bottlenose sound 

production. To study production of whistles with this specific population of bottlenose 

dolphins and in this area we need to make recordings with a minimum duration of 129 

seconds (approximately 2 minutes) to start listening to whistles. This can be useful for 

researchers when studying whistle production in the Arousa Ria in order to set a 

minimum of record duration.   
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An interesting value extracted from this descriptive analysis is that the highest whistle 

rate recorded for this population (30.8 whistle/min) is greater than what found in other 

similar studies like Esch et al. (2009) although this rates have not been attributed to an 

individual but to a group of individuals. Nevertheless, if we divide our highest whistle 

rate by the number of individuals that were present during that recording that day, the 

rate (1.28 whistle/min/individual) would be still higher than what reported by Esch et al. 

(2009).  

 

As reported by Díaz López (2011) bottlenose dolphins may modulate whistle’s acoustic 

parameters (such as frequency and time) to carry additional information such as 

behavioural activity, individual identity (Janik et al. 2006) or stress indicator (Morisaka 

et al. 2005, Esch et al. 2009). Although the BDRI is already carrying out research on 

bottlenose dolphins’ sound production, no articles have been published about how this 

specific population of bottlenose dolphins use whistle production in different 

behavioural contexts in the Arousa Ria.  

 

5.3 Effect of dolphin’s group size on whistle production 

 

When analysing the relation between the whistle production and the group 

composition, in many studies the whistle rate has been considered as whistle per 

minute per dolphin (Scarpaci et al. 2000, dos Santos et al. 2005, Quick and Janik 2008, 

Schwartz and Freeberg 2008). In studies working with populations in captivity, 

researchers manage to carry out underwater observations at the same time of 

recording which allows them to associate the whistle production to a specific individual 

(Herzing 1996, Acevedo-Gutiérrez and Stienessen 2004) . In our case we did not take 

into consideration the variable whistle/min/individual since we worked with wild 

populations and we could not determine which individual was producing each sound.  

 

According to our results, the production of whistles (no. whistle/min) in the Arousa Ria 

was not related with the size of the group. 

 

It would be easy to think that in bigger groups of dolphins there would be more whistles 

because each individual would be producing sound (Jones and Sayigh 2002, Cook et 

al. 2004). Nevertheless, Hawkins and Gartside (2010) found a negative significant 

relationship between the whistle repetition rate and the group size with the number of 

whistles emitted decreasing as the group sizes increased, although this study was 

using the whistle production per individual.  

 

Therefore, in the present study the whistle production did not depend on the group size 

and data obtained, and the experience in analysing whistles with the BDRI group, 

suggest that dolphins do not produce sound continuously but they can stop and start 
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whistling again at a specific moment in high rates. This observation could be noticed 

when analysing whistles with the Spectrogram Program, dolphins could not produce 

whistles for a certain time and produce a high amount of whistles thereafter or vice 

versa. Although whistle variation has been associated to reactions in front certain 

situations (Sidorova et al. 1990) further research is needed to go into detail about the 

reason for this variation.  

 

According to Díaz López and Shirai (2009) and Patson et al. (2008) it is observed that 

over a number of individuals (i.e. more than 7) there is no more correlation with the 

whistle production. Díaz López and Shirai (2009) suggest that this happen to reduce 

possible overlapping when dolphins are communicating. Therefore, the reason why we 

do not have effect of group size in whistle production might be because the mean 

number of individuals in our group of dolphins is quite high (20.7 individuals) compared 

with other areas. 

 

Regarding the role of the presence of calves in the groups of dolphins when studying 

whistle production, we cannot extract much information from our study. We did not 

have enough data to consistently compare whistle production between groups with 

calves and non-calves. However, we observed that the mean whistle rate for groups 

with calves and non-calves was not quite different considering that we have more 

sightings with at least one or two calves. 

 

In relation to the role of calves in the whistle production, different results have been 

obtained among previous studies. While young dolphins have the ability to mimic its 

mother sound and whistle at high rates when separated (Smolker et al. 1993), they do 

not always behave like this while in group. It has been reported in Hawkins and 

Gartside (2010) that groups with no calves have significantly higher repetition rate and 

diversity of whistles compared to groups with calves. Therefore, the presence of calves 

in a group does not necessarily mean there will be a higher production rate. 

5.4 Effect of dolphins’ behaviour on whistle production and variability 

 

The first important information that we can extract in each behaviour is the differences 

in the number of recordings among behaviour groups. Feed, represents more than a 

half of the total recordings while social and travel behaviours have similar number of 

recordings. These differences can be probably caused by the fact that the number of 

recordings for each behaviour was influenced by the process of data collection in the 

wild. It is much harder to make recordings when dolphins are travelling because they 

are in constant movement than when they are socializing since they can stay more or 

less in the same area for a longer time. When dolphins are travelling, the boat has to 

keep that track and try to follow them, making it sometimes incompatible with acoustic 

recording. This is the reason why probably a travel behaviour had less recordings and 
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with shorter duration because the boat had to stop/start going whenever the dolphins 

were too far to be acoustical recorded. Similarly but according to whistle rates and not 

number of recordings, Quick and Janik (2008) expected fewer whistles to be localized 

successfully if they came from groups located further away. Although dolphins’ whistles 

can be heard from great distances (Richardson et al. 2013) many studies set limited 

distances when recording sounds in order to collect just the most optimal recordings 

(Gridley et al. 2015).  

 

Many studies have found that whistle rates increase in situations involving exciting 

activities such as predation (feeding) (Acevedo-Gutiérrez and Stienessen 2004, Díaz 

López & Shirai 2009 ) or socializing (Cook et al. 2004, Díaz López and Shirai 2009) 

and decrease when dolphins were travelling. In other situations it has been reported an 

increase in whistle production for the three behaviours (Scarpaci et al. 2000). Although 

has been seen that dolphins are quieter when travelling rather than in predation and 

social behaviours (dos Santos et al. 2005), after performing the Anova Test our results 

showed that there were no significant differences between the whistle rates for each 

behaviour, as also reported by Hawkins and Gartside (2010).  

 

Even though there is not a direct explanation, according to our findings free wild 

bottlenose dolphins in this area do not show whistle rate differences among 

behaviours. However, further studies with higher number of samples are needed to 

confirm or contrast our observations.  Moreover, describing the behaviours in which 

dolphins are engaged can be interpreted differently among studies (Quick and Janik 

2008).   

 

What is really interesting to mention is that the feeding state has a higher maximum 

whistle rate compared to either social or travel behaviour and moreover, the minimum 

whistle rates for feed and travel behaviour range from 0 whistles/min while in a social 

context, the minimum whistle rate range from 2.74 whistle/min. This means that in a 

social behaviour in the Arousa Ria there will be always communication by sound 

production whereas in a feed or travel situation dolphins can stay in silence without 

producing whistles. Similarly, dos Santos et al. (2005) also reported a higher minimum 

whistle rate in a social behaviour compared to travel or feed.  

 

Regarding the variability of whistles, in this study flat and fall whistles could not be 

taken in the analysis due to few data belonging to these two types. This does not 

necessarily mean that flat or fall whistles are not part of bottlenose dolphins’ repertoires 

but in this area and during the study period, they were not as frequent as other whistle 

types. However, flat and fall whistles are not really common sounds as reported in 

Hawkins and Gartside (2010) and in Díaz López (2011) and even in captivity (Janik 

and Slater 1998).  
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Our results showed that bottlenose dolphins are more likely to communicate specific 

information relating to their activity by producing particular types of whistles. These 

results were also observed in  a bottlenose dolphins population in Sardinia, Italy (Díaz 

López 2011). In this similar study, rise and multiloop whistles were playing an important 

role in the natural communication system of wild bottlenose dolphins. While rise 

whistles were important in a social context in the Mediterranean Sea, in the Arousa Ria 

they were more frequent in a travelling behaviour.  However, results cannot be directly 

compared since the size of data, the locations of study and the time of year could affect 

the interpretations. Moreover, supported by Bird (2012) and May-Collado and Wartzok 

(2008) , differences in whistle variation among populations might be associated also to 

geographic variation.   

 

According to Cook et al. (2004) upsweeps (rise whistles) play an important role in 

bottlenose dolphin whistle repertoire. However, some of the studies researching whistle 

variability do not take into account the behaviour at the moment of recording which may 

lead them to very different results. 

 

It is interesting to see that bottlenose dolphins can adapt their sounds to a certain 

behavioural state in order to communicate specific information at that moment. In 

general, animals are believed to produce signals that are adapted to their particular 

environment (Nowacek et al. 2007). According to May-Collado and Wartzok (2008) 

cetaceans can respond acoustically to environmental noise by changes in production 

rate.  
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6. CONCLUSIONS 

 

- During the time of the study and in this specific area, group size is not affecting the 

variability of whistle production in free wild bottlenose dolphins.  

 

- Similarly, behavioural states do not influence on the whistle production. In the 

Arousa Ria, as well as in other locations, in a social context bottlenose dolphins 

always produce sound.  

 

- As opposed to the last two points, behaviour seem to have a link with whistle types. 

Rise and sine whistles have stronger associations with a behavioural state 

compared to the other whistle types. Whistle variability could be playing an 

important role in free wild bottlenose dolphins’ communication in the Arousa Ria.  

 

- The study of wild animals is nature-dependent, especially when collecting 

bioacoustical data in the sea where the conditions highly restrict the time of 

sampling and the target variables. In contrast to a captivity environment, studies on 

wild delphinid cetaceans have to cope with the complications of working with highly 

mobile animals in an aquatic environment. 

 

- Results in dolphin’s bioacoustics will depend on the study location, on dolphin’s 

population and distribution. Differences in the methodological procedure between 

studies prevent the comparison between them. In the Arousa Ria sounds produced 

by bottlenose dolphins are not regularly over time and acoustic recordings need to 

be at least of two minutes of duration to maximize the whistle production.  

 

- Further and long-term research is needed to confirm and contrast the results shown 

in this study in order to preserve and maintain the conservation of free wild 

bottlenose dolphins.  
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8. ANNEXES 

Annex 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.1 Calf with fetal marks swimming in infant position with 

his mother. Picture taken by the BDRI staff. 

Figure A.2 Predominant activity sample at the end of 5 minutes. Survey provided by the 

BDRI 

Figure A.3 Part of a sequence of regular dive. Travelling behaviour. Picture taken by the 

BDRI staff. 
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Figure A.4. Fast surface and tail stock. Can be found in feeding 

behaviour. Picture taken by the BDRI staff. 

Figure A.6. Body contact. Social behaviour. Picture taken by the BDRI staff. 

Figure A.5 Tail stock. Can be found in the three behaviours, but 

mostly in feeding. Picture taken by the BDRI staff. 
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Annex 2 

Figure A.7 Observed behavioural events in the Arousa Ria. Table provided by the BDRI. 
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Annex 3 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.8 Low quality whistle 

 

Figure A.9 High quality whistle 

Figure A.10 High noise pollution vs low noise pollution 
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Annex 4 

Whistle Types. Pictures provided by the BDRI. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.12 Fall 

Figure A.14 Rise Figure A.13 Wave 

Figure A.16 U-Shape Figure A.15 Sine 

 Figure A.11 Flat 

 

 

Figure A.17 Multiloop 
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Annex 5 

 

 

Table5. Descriptive table showing minimum, maximum, means and standard error of all the 

variables used in the study except from behaviour. All the variables written below “recordings” 

have been used according to n=52 and all the variables written below “sightings” have been 

used according to n=19.  

 

 

 

 

 

 

 

 

Variables N  Min Max Mean ± SE 

Recordings 52 

   
Recordings per sighting 

 

1 9 2. 74 ± 0.49 

Duration recordings (seconds) 

 

13 965 220.17 ± 26.58 

Number of whistles per record 

 

0 430 37. 62 ± 10.31 

Whistle ratio (whistle/min) 

 

0 30.8 6. 18 ± 1.21 

     
Sightings 19 

   
Best size (individuals) 

 

4 34 15. 74 ± 2.19 

Adults (individuals) 

 

4 32 14. 16 ± 2.13 

Calves (individuals)   0 5 1. 58 ± 0.38 


