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ABSTRACT
Makalati (also known as Moon Reef) in Viti Levu, Fiji, serves as a critical daytime resting 

habitat for a pod of semi-resident spinner dolphins (Stenella longirostris). Acoustic signals such 

as whistles and echolocation clicks were being monitored for this resident population at both 

daily and seasonal scales over a two year period. Over 7,960 whistles were collected using an on-

board hydrophone during three different sampling periods (from September 2012 to October 

2013). The whistle types were categorized into six different categories (upsweep, downsweep, 

concave, convex, sine and constant) with five time and frequency parameters measured from 

each whistle contour. The whistle rates of spinner dolphins were observed to vary with time of 

day. Results also showed low frequency parameter being the highest component contributing to 

the differences in the whistle characteristics. Over 10,000 echolocation clicks was detected using 

a moored passive acoustic monitoring device and the echolocation activity was investigated by 

regression number of clicks per hour against time of day. Clicks were detected throughout the 

day but there was no significant (p < 0.181) change in the clicks pattern across day and sampling 

periods. It is suggested that this resident pod were using echolocation as a form of 

communication and to coordinate group activity. This study presents valuable data that will be 

used to limit the disturbance of the Moon Reef spinner dolphins and provide significant guidance 

for sustainable ecotourism management within the reef. 
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CHAPTER 1 GENERAL INTRODUCTION

1.1 Cetaceans in the Pacific Islands Region

The Pacific Islands is a geographic region located in the Pacific Ocean which comprises over 

20,000 to 30,000 island countries (D'Arcy, 2006 ). The Pacific Islands, centered on the tropical 

Pacific Ocean and is also made up of three ethno geographic groupings i.e. 

Melanesia, Micronesia, and Polynesia; excluding the neighboring island continents of Australia, 

Indonesia, Philippines and the Japanese archipelagoes. This region covers more than 300,000 

square miles of land with New Zealand and the islands of New Guinea making up approximately 

nine tenths and millions of square miles of ocean (D'Arcy, 2006 ).

The Pacific Islands Region (PIR) serves as habitat to over 50% of the world’s known cetacean 

(whale, dolphin and porpoise) species that use this region on a year around, seasonal or regular 

basis (Reeves et al., 1999). In the PIR, cetaceans are valuable components of the overall marine 

biodiversity, have cultural significance, and are also of economic importance for a number of 

ecotourism operators (SPREP, 2012). The most commonly reported species’ across the PIR are 

short-finned pilot whales, sperm whales, humpback whales, and spinner dolphins (SPREP, 

2012). Pacific Island Countries and Territories (PICTs) including New Caledonia, French 

Polynesia, Northern Marianas, Papua New Guinea and Samoa have had high number of species 

sightings in their waters. However, only a few sightings records have been documented from 

other PICTs such as Wallis and Futuna, Tokelau, and Pitcairn Islands (SPREP, 2012). 

These differences are likely due in part to limited research efforts in such locations yet could also 

reflect variance in available habitat and diversity. Overall a more detailed understanding of the 

life history, geograhical range, habitat of individuals and populations for most of the cetacean 

species found in the PIR is needed (Miller, 2007, Miller, 2009). However, PICTs have still 

indicated a strong willingness to manage and protect cetaceans through the adoption of the 

Secretariat of the Pacific Regional Environment Programme marine species plans (SPREP, 2012) 
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as well as ratification of the ‘Convention of Migratory Species Memorandum of Understanding 

for the Conservation of Cetaceans and the Habitats in the Pacific Islands Region’ (SPREP, 

2006).

1.2 Species Description and Physical Characteristics

Spinner dolphins (Stenella longirostris) are small cetaceans from the family Delphinidae.

Spinner dolphins are found in tropical and subtropical waters around the globe and are well-

known for their aerial displays (Boehle, 2007). Spinner dolphins can be detected over larger 

distances as they leap out of the water, spinning about their longitudinal axis then landing with a 

loud splash (Perrin, 2002). Spinner dolphins are distributed in both oceanic and coastal waters 

���������	
�����	���	�	���	���	�	(Perrin, 1998). However, there are four different subspecies 

of spinner dolphins that occur: the Central American or Costa Rican spinner dolphin (Stenella 

longirostris centroamericana), Gray’s or Hawaiian spinner dolphin (Stenella longirostris 

longirostris), Eastern spinner dolphin (Stenella longirostris orientalis), and the Dwarf spinner 

dolphin (Stenella longirostris roseiventris). In addition, there is a ‘White belly’ spinner dolphin 

which could possibly be a fifth subspecies (Perrin, 2002).

Physical features of spinner dolphins include a relatively long slender beak (or rostrum), thin 

recurved flippers (or pectoral fins), a triangular dorsal fin, and (in most regions) a tripartite color 

pattern of a light-gray lateral field, dark-gray cape, and a white ventral field extending from the 

belly to the eye level (Norris & Dohl, 1980, Perrin, 2002). The tip of the rostrum is dark grey and 

there is also an even width dark band running from eye to the flipper. Adults range from 129 -

235 cm with an average body mass of 23 to 80 kg (Perrin, 1998, 2009). Spinner dolphin pod 

sizes range from less than 50 to up to several 1000 individuals (Baumann-Pickering et al., 2010).

1.3 Ecology, Feeding and Reproduction

Spinner dolphins occur in a variety of habitats. In the Eastern Tropical Pacific most pods of 

spinner dolphins occur in large groups hundreds of kilometers from the shoreline in waters with 
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unusual conditions of shallow mixed layer, sharp thermocline and shoal, and low annual 

variation in sea surface temperature (Au & Perryman, 1985). In contrast, numerous populations 

of spinner dolphins found within the PIR are reliant on shelter and resources that are available in

inshore shallow sheltered habitats like islands and banks (Andrews et al., 2010). For example, 

around the Hawaiian Islands, spinner dolphins are highly dependent on sheltered shallow bays 

for resting during the daylight hours (Norris & Dohl, 1980).

On average, spinner dolphin stay at least 400 m from the shoreline, but at times they approach as 

close as 100 to 150 m (Culik, 2010). Spinner dolphins dive to at least 200 to 300 m feeding on 

small mesopelagic fishes (less than 20 cm), sergestid shrimps and squids that rise out of deep 

waters in association with the diel migration of the mesopelagic-boundary community (Clark & 

Young, 1998, Benoit-Bird & Au, 2003, Dolar et al., 2003). The gestation period for spinner 

dolphins lasts about 10 months, and calves are nursed from 1 to 2 years (Perrin, 2009). Females 

become sexually mature at 4 to 7 years and calve every 3 years whereas males reach sexual 

maturity at 7 to 10 years (Perrin, 2009). Predators of spinner dolphins include; sharks, most 

probably killer whales (Orcnius orca), false killer whales (Pseudorca crassidens), pygmy killer 

whales (Feresa attenuata) and short finned pilot whales (Globicephala macrorhynchus) (Norris

et al., 1994, Perrin & Gilpatrick, 1994).

1.4 Behavior

Spinner dolphins behavioral studies have been conducted by a number of researchers (Hester et 

al., 1963; Lusseau, 2006; Norris & Dohl, 1980; Norris et al., 1994; Notarbartolo-di-Sciara et al.,

2009; Silva & Da Silva Jr, 2009). Some of these studies have undertaken such behavioral 

analysis by categorizing surface behavior into three main groups; aerial behavior (twisting leap), 

percussive behaviors and other behaviors (Lusseau, 2003). The aerial behaviors include jumps 

and leaps, while percussive behaviors include all sort of surfacing activities which produce sound 

on the water surface through slapping body parts (Lusseau, 2003). Spinner dolphins can leap out 

of the water, spinning up to seven times about their longitudinal axis (Hester et al., 1963). They 

can leap up to 3 m in midair and remain airborne for as long as 1.25 s (Hester et al., 1963, Perrin 
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& Gilpatrick, 1994). Individuals in a pod can spin for as many as fourteen times in quick 

successions with each leap being less stronger than the next (Norris et al., 1994, Perrin & 

Gilpatrick, 1994, Perrin, 2002). Although the functions of this spinning behavior still remain 

unclear, it may be a form of communication (Norris et al., 1994). 

Spinner dolphin aerial behavior enables them to be detected generally over large distances 

(Norris & Dohl, 1980). Norris et al., (1994) described the aerial behaviors of spinner dolphins, 

these included; tail slaps, nose outs, side and back slaps, and “salmon leaps”. Norris& Dohl 

(1980) mentioned that the aerial behaviors of spinner dolphins provide insights into their daily 

activity patterns and the sequence in which they occur has been linked to activity level of the 

group. A longer diurnal behavioral pattern has been documented for ‘island associated’ spinner 

dolphins. Such groups are comprised of around 20 or more individuals which usually forage 

offshore at night and move into sheltered bays in the early hours of the mornings, moving into a 

state of rest subduing acoustic activity relying totally on visual cues (Norris & Dohl, 1980,

Perrin, 1990, Norris et al., 1994, Benoit-Bird & Au, 2003). Their aerial activity levels begin to 

increase around mid-day until they leave the coast for their feeding grounds late in the afternoon 

hours (Norris & Dohl, 1980, Norris et al., 1994, Perrin & Gilpatrick, 1994).

1.5 Acoustic Communication (Categories of Acoustic Signals)
The sounds emitted by dolphins underwater is grouped is into three structural categories; clicks, 

burst pulse sounds and whistles (Caldwell, 1990). There are two main functional categories for 

these acoustic signals; echolocation clicks are used for navigating and detecting prey during 

foraging at night, whereas burst pulse sounds and whistles are used for communication (Herzing, 

2000). Structural categories are normally used to assign acoustic signals to their specific 

functions (Jensen, 2011).
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1.5.1 Clicks

Echolocation clicks are broadband pulses with frequencies varying from 10 kHz to over 100 kHz 

(Norris & Evans, 1966). These echolocation clicks are used for navigation and to detect and 

discriminate objects within the dolphins vicinity (Au, 1993). The average duration of dolphin 

������	������	����	�������������	��	��	��	���	��	���	����	���"�	��	����ns that may range from 

just a few to in excess of a hundred clicks (Au, 1980, Hatakeyama & Soeda, 1990, Au, 1993).

Most cetaceans and other dolphin species live in an environment where an acoustic 

specialization like echolocation clicks serves as a huge advantage as their ability to echolocate 

underwater enables them to detect potential prey and other objects much faster underwater 

(Tyack, 2000).

1.5.2 Burst pulse Signals

The burst pulse signals of spinner dolphins are broadband click trains with short inter-click 

intervals (Oswald et al., 2008). These clicks are usually repeated at very high rates and so the 

rate itself sounds louder to the human ear (Caldwell & Caldwell, 1967, Watkins, 1967). Studies 

have shown that individual click rates can be followed as repetition rates for as high as 800-

1,450 clicks per second, dependent on the species being studied (Dolphin et al., 1995, Popov & 

Supin, 1997, Monney et al., 2009). Burst pulse sounds of odontocetes have been quantitatively 

described as buzzes, pops, cries, barks, squeals and grunts (Caldwell & Caldwell, 1967,

Richardson et al., 1995, Herzing, 1996). For bottlenose dolphins, these signals play a significant 

role in their social interaction, although at times they may function in echolocation tasks 

(Overstrom, 1983, Herzing, 1996).

1.5.3 Whistles

Whistles  are narrow banded tonal calls with a fundamental frequency that falls between 5 and 20 

kHz (Dudzinski et al., 2002). Spinner dolphin whistle duration is normally between 1.0 and 1.5s 

but at times they cluster between 0.2 and 0.7s (Steiner, 1981, Norris et al., 1994). Narrowband 

whistles and burst pulse calls are mainly used for communication, however, most studies have 

focused more on whistles rather than burst pulse sounds because whistles are largely within the 
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ultrasonic frequency range (heard by humans) and are much easier to record and analyze 

(Dreher, 1961). Dolphin whistles have been characterized as frequency, as a function over time 

(spectrogram), also known as whistle contours (Dreher, 1961). Whistle contours are known as 

independent units that follow one another. Furthermore, dolphins share and produce different 

whistle contours that all together make up the whistle repertoire of a species or a population 

(Janik & Slater, 1998, Bazu´a-Dura´n & Au, 2002).

Whistle repertoires can be complex and include whistles that consist of repeated types or a 

combination of different types. Repertoires show great variability between different species, 

geographically separate populations, different groups within a population, and between 

individuals (Richardson et al., 1995). The whistle characteristics of dolphins are commonly 

described and measured using two approaches. The first approach is to visually classify a given 

whistle type into a qualitatively defined category and the second approach is to quantitatively 

extract a range of parameters from each of the whistle contours to determine the variation in the 

whistle characteristics (Au, 2000; e.g. Oswald et al.,2003; Bazúa-Durán & Au, 2002). Statistical 

tests can then be used to analyze the measured variables to determine if differences exist between 

them (Au, 2000, Bazúa-Durán & Au, 2002, Oswald et al., 2003). Spinner dolphins acoustic 

studies in the PIR have been based on research conducted in Hawaii (e.g. Bazúa-Durán & Au, 

2002, 2004; Lammers et al., 2003; Lammers et al., 2006; Norris & Dohl, 1980) and in French 

Polynesia (Bazúa-Durán, 2004).

1.6 Status and Threats to Spinner dolphins in the Pacific Islands Region 
According to the International Union for the Conservation of Nature (2014) Red list of 

threatened species, spinner dolphins are listed as Data Deficient (DD). Such a classification 

infers that there is insufficient information on this species to warrant a more detailed 

conservation status. Global reviews of cetacean status and threats have outlined some of the 

major cetacean threats in the PIR including climate change, habitat degradation, chemical 

pollution, disease, noise, fisheries bycatch and entanglement, fisheries depredation interactions, 

ship strikes, whaling, scientific whaling, drive hunts, live captures for display and cetacean 
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tourism (Reeves et al., 2003). Of particular threat to spinner dolphins include drive hunt 

activities in the Solomon Islands, ecotourism operations focused on spinner dolphins (notably in 

Guam), as well as bycatch within fisheries operation (SPREP, 2012).

1.7 Importance of Studying Sounds (Acoustic Signals)
Cetaceans are highly dependent on acoustic signals (whistles, echolocation clicks and burst pulse 

sounds) for navigation and to ecologically function in the underwater environment because 

vision is often limited as light availability decreases with increasing depth (Tyack, 2000, Warrant 

& Locket, 2004, Jensen, 2011). The rapid decline of light availability reduces the sensitivity and 

resolution of vision for most cetaceans during the night time hours (Warrant & Locket, 2004).

Conversely, sound travels a lot faster underwater than in air and both the reception and 

absorption of sound is highly independent of weather conditions, depth and the time of day

(Urick, 1983). Sound waves is a good medium for rapid transmission of information over large 

distances in the ocean and it is also used to get information about potential predators and preys 

simply by listening and echolocating in the wild (Jensen, 2011).

The communication system of cetaceans is largely based on acoustic signals (Dudzinski et al.,

2002). Delphinids use acoustic signals for communication (Perrin, 2002), competition 

advertising mates (Tyack, 1981), coordinate group activity (Perrin, 2002), group organization

(Janik & Slater, 1998, Foote et al., 2004) encountering aggressive individuals (McCowan & 

Reiss, 1995, Connor & Smolker, 1996, Connor et al., 2006) and for social interaction between 

mother and calves (McCowan & Reiss, 1995). More so their signaling mechanism’s is used to 

maintain group contact, ensuring that they keep their spatial cohesiveness over long periods of 

time and through various behavioral activities from foraging to socializing (Jensen, 2011). The 

study of cetacean sounds provides useful insights into the social organization and patterns of 

association between individuals in a pod (Whitehead et al., 1998, Deecke et al., 1999).

1.8 Purpose of Study
Despite having several studies conducted on the acoustic communication patterns of cetaceans 

(particularly odontocetes) all across the globe; the specific functions of certain types of 
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vocalizations still remain unclear and are poorly understood (Dudzinski et al., 2002). This is 

mainly due to the high variability and complexity of their sounds and whistle repertoire 

(Ansmann, 2005, Jensen, 2011). Previous spinner dolphin acoustic studies have looked at the 

variation in their whistle characteristics by extracting a range of time and frequency parameters 

from their whistle contours (e.g. Bazúa-Durán & Au 2002;2004; Bazúa-Durán,2001;2004;

Carmargo et al.,2006 ). Yet there is still a lack of detail understanding on the biological meaning 

of these time and frequency paramteres as well as their contour categories (McCowan & Reiss, 

1995, Bazúa-Durán & Au, 2002). In reviewing literature, other acoustic studies have looked into 

the directionality in the whistles of spinner dolphins (Lammers & Au, 2003), their broadband 

social signaling behavior (Lammers et al., 2003) and the differences and geographic variation of 

their whistle characteristics (Bazúa-Durán, 2001, 2004, Bazúa-Durán & Au, 2004). But no 

formal study has been conducted on the diurnal acoustic pattern of spinner dolphins within the 

region. Further research is needed to monitor the diurnal trends of spinner dolphin acoustic 

communication to determine whether their resting times are being disrupted by boat traffic and 

other eco-tourism activities. Bernoit-Bird & Au (2009) looked at the phonation behavior of 

foraging spinner dolphins and found that spinner dolphins’ echolocate to coordinate movement 

within the group when foraging at night; more research is needed to further investigate their 

echolocation click rate patterns during their resting periods. 

1.9 Specifics of the Study
Spinner dolphins are found all throughout the PIR, but due to limited research efforts conducted 

in this part of the globe, there is a lack of detailed understanding on the biology, distribution, 

habitat and diversity of the species (Miller, 2007, Miller, 2009). Spinner dolphins are known to 

use inshore, shallow bottomed sandy habitats for day time resting and socializing. However, the 

frequent vessel and swimmer impacts have exposed them even more to disturbance, disrupting 

their resting behaviors and also causing long-term negative impacts on the population (Bejder & 

Samuels, 2003, Delfour, 2007).

A tropical reef complex locally known as ‘Makalati’ or Moon Reef, located on the north eastern 

coast of Viti Levu in the Fiji islands serves as a critical resting habitat for a semi resident pod of 

spinner dolphins. The daily presence of spinner dolphins at Moon Reef has drawn tourists and 

8 
 



locals to this destination. A local tourism operator exists in the area and boat trips to the reef 

occur on a daily basis. With the potential for tourism growth in the Fiji Islands, this study will 

focus on gaining some baseline information on the acoustic communication patterns on this 

resident pod of dolphins and further determine if their resting times are disrupted by boat traffic 

from the nearby eco lodge. Part of this research will look into the echolocation behavior of 

spinner dolphins during their resting times. Quantifying their whistle characteristics and 

echolocation click rates throughout the time of day will also provide significant information on 

the importance and use of this reef particular reef complex to the resident pod of dolphins that 

visit the reef daily. Studying the acoustic patterns of this population will provide an opportunity 

to yield scientific data on their social development and communication systems which will aid in 

the development and implementation of both local and regional cetacean conservation initiatives.

1.10 Objectives and Aims of this Study
 

The purpose of this research is to document the acoustic communication patterns of spinner 

dolphins present in Moon Reef, Fiji, during the daytime hours. This study specifically aims to:

Chapter 2: The Description and Measurement of the Whistle Repetoire

� Quantitatively and qualitatively describe the six whistle types (whistle repertoire) 

produced by the Moon Reef spinner dolphins.

� Assess differences in various time, frequency and shape parameters between six known 

spinner dolphin whistle types, and

� Determine if the overall proportions of occurrence of spinner dolphin whistle types was 

consistent with previous research conducted at the same location (Williams, 2011) as 

well as in Hawaiian waters (Bazúa-Durán & Au, 2002)

�

Chapter 3: The Daily Acoustic Communication Patterns

� Assess the response of whistle production against time of day to determine if correlations 

were present.
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� Determine if there were variations in the whistle production of the Moon reef spinner 

dolphins across time of day

� Investigate if time of day and field work periods had an impact on the whistle production 

rates of the Moon Reef spinner dolphins.

Chapter 4: The Daily Echolocation Click Activity

� Monitor the echolocation activity of the Moon reef spinner dolphins and to determine if 

there is a variation in their click patterns across the day

� Find out if echolocation is used by the resident population of dolphins for 

communication during the day.

�

Chapter 5: Conclusion and Future Studies

� Summarize and highlight the key findings of this research and 

� Suggest implications that could improve future research at Moon Reef

Investigating and quantifying the acoustic communication patterns of spinner dolphins in Moon 

Reef is intended to provide useful data for a local management plan that is currently being 

progressed as well as provide a broader understanding of spinner dolphin acoustics. 
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CHAPTER 2: THE DESCRIPTION AND MEASUREMENT OF WHISTLE 
REPERTOIRE
 

2.1 Introduction
Cetaceans depend on sound to explore, describe and communicate with one another within their 

environment (Au, 1993, Richardson et al., 1995, Tyack, 2000). Toothed cetaceans, or 

odonotocetes, have developed a communication system based on acoustic signals (Dudzinski et 

al., 2002). These signals are generally categorized into three distinct groups: broadband clicks 

(usually used in echolocation), less distinct burst pulse calls (normally described as barks, cries, 

squeals, or grunts), and narrowband tonal whistles (hereby known as whistles) (Richardson et al.,

1995, Oswald et al., 2008). The act of echolocation enables the animal to sense the range, speed, 

size, movement and direction of the object within its vicinity (Au, 1993). The other forms of 

cetacean acoustic signals are used as a system of communication to facilitate social behaviors 

such as mating, simple play, and coordinate hunting in the marine environment (Richardson et 

al., 1995, Dudzinski et al., 2009). Both narrowband whistles and burst pulse calls are mainly 

used for communication however, most studies have focused more on whistles rather than burst 

pulse sounds as whistles are largely within the ultrasonic frequency range (able to be heard by 

humans) and are much easier to record and analyze with standardized equipment (Au, 2000).

The whistles of spinner dolphins are continuous narrow band frequency modulated signals with 

durations up to a few seconds and fundamental frequencies that falls between 5 and 20 kHz. 

Whistles also have harmonic components reaching up to 100 kHz (Dudzinski et al., 2002,

Lammers, 2003). The higher frequency components of spinner dolphins’ whistles are directional, 

which means that harmonics at higher frequencies decrease in amplitude as the distance from the 

projection beam increases (Lammers & Au, 2003). Listening dolphins may use this characteristic 

to gauge the whistling dolphin’s location or the direction of movement between individuals in a 

pod (Lammers & Au, 2003). Most dolphin whistles are described based on spectrogram views of 

their time and frequency contours (also known as waveforms). The whistle contour of dolphins 

can be ascending, descending, unmodulated, trilled, slow wavering, continuous, or contain 
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breaks (Richardson et al., 1995). The number and range of whistle contours that a given species 

or population of dolphins share constitutes the associated whistle repetoire (McCowan & Reiss, 

1995, Janik & Slater, 1998). The whistle repertoire of odontocetes is highly complex and

includes both repetitions and combinations of different types of whistles (Richardson et al.,

1995). Due to the wide variation between sound types and the complexity of the acoustic 

repertoires of cetaceans, the functions of most still remain unclear and are poorly understood 

(Boisseau, 2005, Dunlop et al., 2007).

Whistles, of all acoustic signals, are omnidirectional and is broadcasted better over large 

distances (Oswald et al., 2003).  Lammers et al., (2006) investigated the spatial context of free 

ranging Hawaiian spinner dolphins and found that dolphins produce whistles to maintain group 

contact between individuals when they are widely spread apart. The whistle characteristics of 

dolphins are primarily described and measured using two approaches. The first approach which 

involves classifying the whistle contours into qualitative categories based on the spectrogram 

views or shape of whistle frequency versus time (e.g. Au, 2000, Bazúa-Durán & Au, 2002). And 

the second approach which involves extracting a range of time and frequnecy parameters such as 

the following: duration, start frequency, end frequency, minimum frequency, maximum 

frequency, number of inflection points, breaks in the contour, and the presence of harmonics  

from each whistle contour (e.g. Au, 2000, Oswald et al., 2003). Statistical tests such as 

discriminant function analysis (DFA), Principal Components Analysis (PCA) and Analysis of 

Variance tests (ANOVA) can then be used for investigating differences and patterns in the 

whistle contours (Au, 2000, Oswald et al., 2003).

Previous spinner dolphin acoustic and behavioural studies  have been primarily based on  the 

Hawaiian spinner dolphins dolphins (e.g. Bazúa-Durán & Au, 2002, Lammers et al., 2003, 

Benoit-Bird & Au, 2009, Bazúa-Durán & Au, 2002, Norris & Dohl, 1980, Lammers et al., 2006,

Lammers & Au, 2003, Karczmarski et al., 2005, Andrew et al., 2010, Courbis & Timmel,

2009), spinner dolphins of Brazil (e.g. Rossi-Santos et al., 2008, Camargo et al., 2006), French 

Polynesia (Bazúa-Durán, 2004) and Egypt (Notarbartolo-di-Sciara et al., 2009). Despite having 
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several documented studies conducted on the acoustic communication of spinner dolphins 

around the globe, the function of their whistle repertoire and reason for the variation in their 

whistle characteristics still remain unclear and are not well understood (e.g. Steiner, 1981,

Bazúa-Durán & Au, 2002, Wang et al., 1995).

Whistles play an an important role in coordinating group activity during foraging, flight and 

travel, aswell as assembling dispersed individuals (Oswald et al., 2008). Studying the whistle

characteristics of cetaceans or any small odontocete, may not only provide useful insights into

recognizing conspecifics of mixed populations (Oswald et al., 2008) and specific information on 

certain species  (Steiner, 1981, Oswald et al., 2003). But can also be widely adopted for 

characterizing species (Bazúa-Durán & Au, 2002, May-Collado & Wartzok, 2009), comparing 

same species in different populations (Wang, 1995, Bazúa-Durán & Au, 2004, Morisaka et al.,

2005) and identifying individuals in a pod (Wang, 1995, Oswald et al., 2008).

Assessing the vocal behavior of cetaceans in different regions, helps us understand the variation 

in their whistle characteristics; as geographic variation between populations is always common 

in their acoustic parameters (Morisaka et al., 2005, Rossi-Santos & Podos, 2006), sound types 

(Boisseau, 2005, van der Woude, 2009) and temporal  production of vocalization (Jones & 

Sayigh, 2002, Gridely et al., 2015). Time and frequency parameters play a significant role in the 

acoustic communication of dolphin species (e.g., Steiner, 1981, Wang et al., 1995, Bazu´a 

Dura´n, 2001) and are also useful in identifying individuals in a pod (Norris et al., 1994). These 

whistle parameters are used to describe dolphin whistle contours and compare the variation in 

whistle characteristics of different populations (e.g., Steiner, 1981; Wang et al., 1995, Bazu´a 

Dura´n, 2001, Griffith, 2009). Therefore, studying the acoustic repertoire of cetaceans helps us 

understand how they intepret, socially interact and function within their environment (Griffith, 

2009, Gridely et al., 2015). Conducting statistical comparisons between whistle parameters and 

quantifying their  acoustic repertoire may also be used to determine variation in the whistle 

characteristics of cetaceans, monitor their acoustic populations and measure the impact of 

anthropogenic threats on individuals in a group (Gridely et al., 2015). Some studies have found 
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that the whistle production and changes in the structure and frequency parameters of vocalising 

individuals maybe highly affected by specific factors such as; water depth, group size,  substrate 

of sea bed and the presence of mother and calf pairs (Cook et al., 2004, Baron et al., 2008). For 

example, Bazúa-Durán (2004) investigated the differences in the whistle characteristics and 

repertoire of bottlenose and spinner dolphins and found that group size, habitat types and social 

grouping were the major factors that contributed to the variation in the whistle characteristics for 

both species. Investigating the differences in the whistle parameters, may provide useful 

information on the social organisation and function of dolphin species in a pod. 

Williams (2011) conducted a preliminary investigation into the whistle repertioire and surface 

behavior of the spinner dolphins at Moon Reef, Fiji. Williams (2011) study identified a similar 

pattern in the acoustic production and surface behaviour of the Moon Reef spinner dolphins 

when they first entered the reef in the morning and left for their feeding grounds in the late 

afternoon hours. The dolphins was observed to be producing fewer whistles when they first 

arrived into the reef and  during their resting time in the middle of the day (Williams, 2011). 

Then there was a gradual increase in acoustic production and aerial behaviour, just before the 

dolphin left the reef (Williams, 2011). Williams (2011) mentioned that the acoustic behaviour of 

the Moon Reef spinner dolphins showed similar patterns to those observed in other social and 

behavioural studies. Williams (2011) further suggested that future studies undertake more 

detailed analyses and measurements on the whistle characteristics of the Moon Reef spinner 

dolphin to better understand the make up of their whistle repertoire.

This study aims to: 

� Quantitatively and qualitatively describe the six whistle types (whistle repertoire) 

produced by the Moon Reef spinner dolphins.

� Assess differences in various time and frequency parameters between the six known 

spinner dolphin whistle types, and

� Determine if the overall proportions of occurrence of spinner dolphin whistle types was 

consistent with previous research conducted at the same location (Williams, 2011) as 

well as in Hawaiian waters (Bazúa-Durán & Au, 2002)
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2.2 Methodology

2.2.1 Study site

This study was conducted at Moon Reef (17º 31.7’S, 178º 30.7’E), a circular reef complex 

located approximately 7.3 km from the village of Silana, on the north-eastern coast of the island 

of Viti Levu, Fiji Islands refer to Figure 1. This reef has a diameter of approximately 1500 m and 

covers a total surface area of approximately 1.7 km² (Cribb et al., 2012). A quarter of the reef 

(~0.38 km²) is made up of sandy bottomed waters, bordered by coral formations (Cribb et al.,

2012). The reef has entrances, located in the north-west and south-west. The northern opening is 

approximately 15 m across with a solid reef structure located in the centre of the entrance

dividing it into two smaller openings.  The southern opening is approximately 60 m across. The 

maximum depth within the reef system is approximately 15 m (Cribb et al., 2012).

 

Figure 1 Location of Moon Reef on the northeastern coast of Viti Levu.
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2.3 Data Collection

2.3.1 Survey Effort and Acoustic Recordings

Three main research trips of 2-3 weeks were conducted at Moon Reef in months of October 

2012, July-August 2013, and October 2013. Observations were conducted from a small vessel

and the survey times were at random (dependent on the weather condition and boat availability) 

between the hours 0700 h and 1700 h on a daily basis. Surveys were only conducted in condition 

of BSS (Beaufort sea state) of less than or equal to 3. Acoustic recordings were made in areas of 

maximum depth near the center of the reef system. Recordings were made from various forward 

cabin fiber glass skiffs (ranging in length, 7-15 m) powered by a 40 horse power Yamaha motor. 

To make a recording the engine was turned off and allowed to drift. Between recordings the boat 

was repositioned if it had moved too close to the reef. Acoustic recordings were made with a 

High Tech HTI-96-MIN hydrophone with a 30m cable attached to an M-Audio Micro track II 

digital recorder. The hydrophone was flat to 35 kHz (±3dB) and the DAT having an upper 

frequency limit of 24 kHz (i.e. a sampling rate of 48 kHz). During each deployment, the 

hydrophone was lowered at least 6m below the water surface for all recordings.  Recordings 

were made for duration of 5 minutes for every 10 minute interval during data collection periods.

A Garmin 78cx (marine) handheld GPS was used to mark the recording locations. At the end of 

each recording the following information was documented: date, track number, sound quality (on 

a qualitative scale of 1 (poor) to 3 (good)), start time, BSS, GPS waypoint, number of boats 

present in the reef, spinner dolphin group size, dominant group behavior (as per definitions of 

Hunt (2009)).

2.3 Data Analyses

The acoustic recordings collected from the hydrophone were opened in Raven Pro 1.5 (Cornell 

Lab of Ornithology, Ithaca, New York) to digitally process the sound files and generate 

spectrograms for visual inspection. In order to generate the spectrograms on the Raven Pro 1.5 

software, the acoustic sound files was first processed in the wave file format (channel: 1, sample 

rate: 44100 Hz, encoding: 16-bit signed). Spectrograms of each individual whistle were visually 

inspected and the given whistle was then categorized into one of the six whistle categories 

described by Bazúa-Durán & Au (2002), i.e.; constant, upsweep, downsweep, concave, convex 
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and sine refer to Table 1. The whistle contours in this study was ascribed to the six general 

categories and not broader categories as this is a baseline research working with a small whistle 

sample size, therefore specific limits should be used to define categories to eliminate observer 

differences when categorizing whistle contours. 

Consideration of inclusion of a given whistle for data analysis was based on selection criteria 

also outlined by Bazúa-Durán & Au (2002): 

(a) Whistles selected were clear in the contour shape,

(b) Whistles were not overlapping with other whistle contours,

(c) Whistles were not cut by the upper frequency limit of the recording system

(d) Whistles were to have a good signal to noise ratio and

(e) Whistles were not chopped in pieces or broken.

Table 1. Description of the six categories of spinner dolphin whistle type to which each whistle contour 
was categorized based on the fundamental component of the whistle. Definitions and descriptions adapted 
from: Bazúa-Durán & Au (2002). Spectrogram images adapted from: Williams (2011).

Category Description Example

Upsweep A contour with ascending frequency. If 

any point of inflection is noticed, the 

descending frequency part of the whistle 

would be half of its frequency span. 

Downsweep

A contour with descending frequency. If 

inflection points a present, the ascending

frequency part, is less than half of the 

whistle height.

17 
 



Category Description Example

Concave

A contour, where the frequency first 

descends then ascends. There is at least 

one points of inflection, and more than 

half of the whistle height is made up of 

the descending and ascending parts. 

Convex

A contour where the frequency firstly 

ascends then descends, inflecting at least 

once at its maximum point. Half of the 

whistle height is comprised of the 

ascending and descending parts.

Sine

A contour with at least two inflection 

points. The frequency first ascends then 

descends or vice versa.

Constant

A contour with the whistle height which 

is less than a quarter of its length. 

Throughout the duration of the whistle, 

the frequency changes less than 100Hz.
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From this process a database of whistle types across the three survey periods i.e. Fieldwork 1 (1st

October to 12 October, 2012), Fieldwork 2 (23rd July - 07th August, 2013) and Fieldwork 3 (8th

October – 25th October, 2013) was developed. A total of 7,960 was gathered in this study and a 

random sample of 300 (300 x 6 whistle types = 1800 whistles) was selected from each of the six 

whistle types for the analysis. The 300 random sample selected from this database was obtained 

using the sample function on the R statistical software; the sample function generated a random 

number between the minimum and maximum values of the total whistles gathered. Measurement 

tools Raven Pro 1.5 were used to extract the following parameters from each whistle: duration 

(s), center frequency (kHz), low frequency (kHz), delta frequency (kHz), peak frequency (kHz), 

and number of inflections refer to (Table 2, Figure 2).

Table 2 Description of the six acoustic parameters measured from the spectrograms of the whistle 
contours. Definitions and descriptions adapted from: Bazúa-Durán & Au (2002), (Steiner, 1981) and 
(Gridley et al., 2012).

Whistle Parameter Description

Duration (s) The time span of the whistle, measured in seconds. 

(Mainly end time minus start time).

Center frequency (kHz) The center or midpoint frequency (kHz) within the 

whistle contour, where the combined frequency 

strength is half the total.

Low frequency (kHz) The lowest frequency (kHz) point of a whistle.

Delta frequency (kHz) The change if frequency (kHz), mainly the 

difference between the end and start frequency 

Peak frequency (kHz) The peak in the frequency within the whistle

contour with the highest intensity. 

Inflections  The change in slope of the spectrographic contour 

from negative to positive and vice versa.
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Figure 2 Example of acoustic parameters extracted from a Moon Reef spinner dolphin whistle contour.

2.4 Statistical Analysis

Statistical analyses of whistle parameters obtained in this study were conducted using R (version 

3.1.0) statistical software (R Development Core Team, 2014). Descriptive statistics of all 

measured whistle parameters included the mean, standard deviation (s.d.), minimum value (Min) 

and maximum value (Max). A Shapiro- Wilk test was used to analyze whether the data was 

normally distributed or not. An analysis of variance test (ANOVA) was then used on the 

normally distributed data to determine if differences in the means of the measured acoustic for 

each of the six whistle types were present. A post-hoc test (Tukey) was then used to identify 

specific differences between pairs of mean. Principal components analyses (PCA) were also

undertaken to highlight which acoustic parameters contributed most significantly to the variation 

of the data set. A Pair-wise correlation analysis was then used to determine if relationships were 

present when time and frequency parameters were extracted from each of the six whistle types. 

Investigating the relationships present between whistle types may provide useful insights into 

understanding the variation in the whistle characteristics of spinner dolphins. Based on the 

variables been tested in the PCA analysis, both Scree and Dot plots were plotted to visually 
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assess which of the acoustic parameters components explained most of the variability in the data.

A varimax rotation was then used to assist in interpretation of principal components. A chi 

square goodness of fit test was used to compare the relative occurrence of whistle proportions 

(i.e. total whistle count) gathered in this study with the other field studies conducted by Williams 

(2011) and Bazúa-Durán & Au (2002). Both studies collected 12,150 and 8,611 whistles 

respectively and used the same definitions for whistle classification and whistle selection as was 

used in this study.

2.5 Results

2.5.1 Survey Effort

A total of 237 acoustic track recordings running for 289 hours 20 minutes and 5 seconds were 

collected during 23 days of sampling. Acoustic data was collected between 0700 h and 1700 h

from three main field work periods; fieldwork 1 (01/October/2012 to 12/October/2012), 

fieldwork 2 (23/July/2013 to 07/August/2013) and fieldwork 3 (08/October/2013 to 

25/October/2013). The earliest recording began at 0715 h and the latest recording finished at 

1654 h. This study gathered a total of 7,960 whistles. The most commonly recorded whistle was 

the upsweep (2,791), followed by downsweep (1,670), convex (1,045), constant (915), concave

(781), and then sine (758).

2.5.2 Acoustic Parameter Statistics 

Descriptive statistics of all the time and frequency parameters extracted from each of the whistle 

types are shown in Table 3. The mean center frequency varied between 11.8 ± 1.83 kHz (mean ± 

s.d.) and 13.2 ± 1.96 kHz for the six different whistle types. The shortest mean duration occurred 

in upsweep 0.46 ± 0.23 s and the longest mean duration was recorded for the constant whistle 

1.12 ± 1.20 s. The lowest mean values for low frequency occurred in sine (6.36 ± 2.39 kHz) 

ranging between 1.83 kHz and 14.2 kHz while the highest mean was recorded in upsweep 8.91 ± 

2.35 kHz with a range of between 2.06 and 14.2 kHz.  The mean delta frequency varied between 

14.3 ± 3.19 kHz (sine) and 9.89 ± 3.84 kHz (constant) while the lowest mean peak frequency 
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occurred in sine 10.4 ± 3.60 kHz and the highest in upsweep 12.4 ± 3.12 kHz. The mean 

inflection points for the different whistles measured varied between 0 and 2.68 ± 1.19.

2.5.3 Pair-wise Correlation

For all six of the whistle types, positive relationships were found between (a) low frequency and 

centre frequency (b) centre frequency and peak frequency while constant whistle also showed a 

positive relationship between low frequency and delta frequency. A negative association was 

observed between low frequency and delta frequency for both downsweep and constant whistles. 

Figure 3 shows the relationships present when the five acoustic parameters was extracted from 

the upsweep whistle contour. Refer to Figure 13, Figure 17, Figure 21, Figure 25 and Figure 29 in 

appendix for correlation matrix results of the five remaining whistle classes.

Figure 3 Correlation matrix of Upsweep whistle for the five acoustic parameters measured. Note pink = 
strong relationship, blue = moderate relationship and yellow = weak relationship. 

2.5.4 Analysis of Variance 

ANOVA tests revealed significant differences between whistle types for whistle parameters 

Table 3. For mean duration, constant whistle was significantly different (p<0.05) from all the 

other whistle types. For center and peak frequency, two groupings were identified to be 

significantly different from each other. However, whistle types within each groupings had no 

22 
 



significant differences (p>0.05) between them. The first grouping included the upsweep and 

downsweep whistles and the second grouping included concave, convex, sine and constant 

whistles. For mean low frequency, sine and convex whistles had no significant differences 

between them but were observed to be significantly lower than the rest of the whistle types. For 

mean delta frequency, sine was significantly higher and constant was significantly lower than the 

four other whistle types.  For the mean inflection parameter, upsweep and downsweep as well as 

concave and convex had no significant differences between them; while sine and constant were 

significantly different from each other and the rest of the whistle types.
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2.5.5 Principal Component Analysis 

The results of the PCA indicated that the relative variance of the acoustic parameters was well 

described by the data set. The proportion of variance explained by Principal Component 1 (PC1) 

in all cases was greater than 56.3%. For all whistle types, low frequency gave the highest 

contribution to PC1. In all whistles except concave, center frequency was the second highest 

contributor to PC1. For all the whistle types approximately 90% of variation was explained by 

the first three principal components. 

Table 4 shows an example of the principal components analysis of an upsweep whistle. Refer to

Table 15, Table 16, Table 17, Table 18 and Table 19 in appendix for PCA results of the five 

remaining whistle classes. Also note that the additional PCA Scree and Dots plots are also listed 

in appendix.

Table 4 Results of the principal components analysis for the upsweep whistle. For all whistle types 
almost 90% of variation was explained by the first three principal components. 

Upsweep Principal component 1 Principal component 2 Principal component 3

Duration 0.365 -0.546 -0.748

Center Frequency -0.480 -0.417 0.035

Low Frequency -0.512 0.066 -0.374

Delta Frequency 0.439 -0.463 0.479

Peak Frequency -0.425 -0.556 0.264

Standard deviation 1.768 0.928 0.760

Proportion of Variance 
%

62.5 17.2 11.5

Cumulative Proportion  
%

62.5 79.7 91.3
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2.5.6 Comparison and Chi squared goodness of Fit test

Chi squared goodness of fit tests were used to compare the relative occurrence of whistle 

proportions in this present study with other studies (Bazúa-Durán & Au, 2002, Williams, 2011)

refer to Table 5. The field methodologies and selection of whistle categories carried out in this 

present study were the same as Williams (2011) and Bazúa-Durán & Au (2002). However, both 

this study and Bazúa-Durán & Au (2002) further extracted a range of acoustic parameters from 

each of the six whistle contour categories with choices of the selected acoustic parameters 

varying in both field studies. Bazúa-Durán & Au (2002) extracted eleven acoustic parameters

with duration and peak or maximum frequency being the common acoustic parameters extracted 

in both studies. Williams (2011) collected a total of 149 acoustic recordings over a period of 12 

hours and 21 minutes within 14 days between 0700 and 1500 hrs whereas Bazúa-Durán & Au 

(2002) had no documented information on field survey efforts in their study. However, all three 

studies were observed to have the highest occurrence of upsweep whistle usage i.e. Bazúa-Durán 

& Au (2002) (4,010), Williams (2011) (4,795) and this study (2,791) refer to Table 5. Significant 

differences in relative use of different whistles was found when compared to the previous Moon 

#���	��"��	$*+	@	\�^�`{\�|	�	}	�`��{�	$��������|	��{{�	���	���	�������	��"��	$*+	@	{���`\�|	�	

< 0.001) (Bazúa-Durán & Au, 2002). When compared to Williams (2011), this study recorded a 

significantly higher proportion of sine and constant whistles and a higher proportion of 

downsweep and concave whistles when compared to Bazúa-Durán & Au (2002) refer to bold 

values in Table 6.

Table 5 Comparison of the total number of whistles for each of the six categories found in this study, 
Williams (2011) and Bazúa-Durán & Au (2002).

Whistle category This present study Williams (2011) Bazúa-Durán & Au (2002)
Whistle Total Proportion of 

occurrence
Total Proportion of 

occurrence
Total Proportion of 

occurrence
Upsweep 2791 0.35 4795 0.39 4010 0.47
Downsweep 1670 0.20 3179 0.26 1151 0.13
Concave 781 0.09 1845 0.15 406 0.05
Convex 1045 0.13 1982 0.16 1765 0.20
Sine 758 0.09 176 0.01 524 0.06
Constant 915 0.11 173 0.01 755 0.09
n 7,960 12,150 8,611
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Table 6 Individual Chi square test values for Williams (2011) and Bazúa-Durán & Au (2002).  Values of 
note are in bold.

Studies Whistle categorization

df P value Upsweep Downsweep Concave Convex Sine Constant 

Williams 

(2011) 5 < 2.2e-
16

-6.25 -9.04 -12.3 -7.03 59.8 75.3

Bazúa-

Durán & Au 

(2002)

5 < 2.2e-
16

-15.0 18.57 20.9 -14.5 12.4 8.21

2.6 Discussion

Description of a given cetacean population’s whistle repertoire has often been undertaken by 

summarizing a selection of key measurements of all whistles collected. However, this study 

observes that there are significant differences in a number of the measured parameters of the six 

different spinner dolphin whistle types. Furthermore, differences in the relative use of different 

whistle types was also noted in comparison to studies undertaken previously at the same location

and a different study site like Hawaii. Such findings support the value of undertaking additional 

analyses in order to improve insight into acoustic patterns of individual species’ and populations.

Differences between at least some of the whistle types were noted for all parameters measured in 

this study. Length of the whistle or duration was one of these parameters. In particular, this study 

noted significantly longer duration of constant whistles ( x = 1.12 s) from all other whistle types. 

Sine whistles were also significantly longer ( x = 0.85 s) than the four remaining whistle types. 

These values are higher than data reported from Hawaiian waters where the average duration of 

spinner dolphin whistles was relatively shorter, i.e., 0.49 ± 0.39 s and a span of 0.05 to 1.28 s for 

about 94% of the whistles measured (Bazúa-Durán & Au, 2002). However, these values are 

much more similar to those recorded for upsweep whistles (0.46 ± 0.23 s). Whistle durations 

with similar summary statistics were also reported by Camargo et al., (2009) with a relatively 

short whistle duration which was around (0.495 ± 0.79 s). 
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This current study, Williams (2011) and Bazúa-Durán & Au (2002) all demonstrated a strong 

predominance of upsweep whistles within recorded samples at 35%, 39% and 47% respectively.

It is assumed that the high occurrence of upsweep whistle usage could closely be linked to 

signature whistles or contact calls. The high level of relatedness through influences from 

learning, whistle transmission and whistle matching between the Moon Reef spinner dolphins 

has driven this whistle category to be used more than others. Bazúa-Durán & Au (2004) found 

that sometimes, dolphins in the same pod tend to copy each other’s whistle characteristics. The 

more spinner dolphin interacted, the greater the fluidity in the pod composition resulting in a 

high percentage of common whistles been heard within the group (Bazúa-Durán & Au, 2004). 

Spinner dolphins with similar characteristics were composed of individuals that spend time 

together in a pod, pod members that shared similar whistle characteristics and same individuals 

communicating with one another in the pod (Bazúa-Durán & Au, 2004). However, it is assumed 

that upsweep whistles may be the main whistle category used for communication in small 

spinner dolphin communities.

Inconsistencies in the relative occurrences of the whistle types between the comparative studies 

(i.e. Williams (2011) and Bazúa-Durán & Au (2002)) suggest that variation may occur in spinner 

dolphin repertoire over time or between locations. However, differences between experiment 

designs, equipment used, boat presence, sample sizes and survey efforts may have a bearing 

during comparisons. Some of these issues were addressed in the current study by the adherence 

to the same descriptions (of the whistles themselves) as well as criteria for including or 

excluding a given whistle from further analysis (Bazúa-Durán & Au, 2002).

Nevertheless, personal experience with these definitions indicated that there was still a certain 

degree of subjectivity to a small portion of the whistle samples. Increasing the detail associated 

with the given definitions to include a wider range of cases or developing an automated system 

of whistle classification could work towards remedying such issues. Consistency and/or 

prioritization of which parameters might be most useful to measure is also necessary. The 

whistle parameters extracted from each of the six whistle contours in this present study could not 
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be statistically compared with Williams (2011) and Bazúa-Durán & Au (2002) due to differences 

in the acoustic variables measured in each study. 

Williams (2011) did a general characterization of the whistle repertoire of the Moon Reef spinner 

dolphins without extracting parameters from each whistle contour while Bazúa-Durán & Au 

(2002) selected and measured a different range of parameters for the whistle samples as a whole.

Differences in the selection of time and frequency parameters extracted from the whistle contour 

were a major constraint faced when this study was compared to (Bazúa-Durán & Au, 2002). To 

avoid constraints when drawing up comparisons between studies, it is suggested that 

standardized methods be developed to consistently select acoustic parameter. The selection of 

acoustic parameters can be standardized, if there is consistency in the selection of acoustic 

parameters, clarity in the methodology being carried out in different studies and specific limits 

used to define each parameter so that observer and statistical differences will be eliminated 

during analysis.

Despite the graded nature of whistles and the categorization of whistle contours not being the 

best way to describe whistle repertoires, it is still useful in making comparison between dolphin 

populations (Bazúa-Durán & Au, 2002). In most acoustic field studies, the upper frequency limit 

of the recording system has always been 22 kHz with sample rates of 44.1 or 48 kHz (Camargo

et al., 2006). However, differences in the upper frequency limits of the recording system may

cause differences in the whistle characteristics of dolphins (Bazúa-Durán & Au, 2002). The 

selection of whistle contours, classification systems and selection of whistle parameters were 

other constraints experienced when drawing comparison between this study and the other field 

studies by (William, 2011, Bazúa-Durán & Au, 2002).

Although the definitions of the six whistle contour categories were very similar in all three 

studies, there were a few uncertainties experienced in the visual lumping of whistle contours into 

qualitative categories. At times, whistle contours appeared unclear at the start and end point on 
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the spectrogram view making the categorization a lot difficult. Limiting the categorization of 

whistle contours to general categories and not broader categories also made allocating large 

whistles samples to specific groups quite problematic. For example, on certain spectrogram 

views, the downsweep whistle contour would have a slight inflection at its end point, appearing

more like a concave whistle and other times the convex whistle contour would have a slight 

inflection at its end or beginning point appearing more like a sine whistle; this made it difficult to 

ascribe whistle contours to their respective categories. Bazúa-Durán & Au (2002) also found it 

quite challenging to ascribe whistle contours to either upsweep or downsweep and concave or 

convex categories as the border between an upsweep and convex would appear unclear at times.

(Norris et al., 1994) stated that slight differences in the whistle contour make whistles 

unclassifiable.

Whistle characterization is also useful in drawing up comparisons and providing a general 

description of the whistle repertoire of dolphin (Bazúa-Durán & Au, 2002). But because of 

automated systems are not readily available, it is suggested that the visual categorization of 

whistle contours be standardized for comparison purposes in future. The visual categorization 

can also be standardized if there are stricter limits to define whistle contour categories and there 

is consistency in the selection of spectrogram views outlined by Bazúa-Durán & Au (2002). The 

classification of whistle contours should be made as general as possible to eliminate observer 

differences. However, any uncertainties in the selection process such as; whistle contours not 

aligned with the selection criteria outlined by Bazúa-Durán & Au (2002) should not be 

considered at all.

In addition to whistle classification issues it is important to note other factors that also may cause 

difficulty in comparing results between studies (Lammers et al., 2003). Noted factors that may 

confound or limit findings include differences in the upper frequency limit of the recording 

systems, group size, and the recording and analysis of the upper bandwidth limit (Lammers et 

al., 2003). Bazúa-Durán & Au (2002) also highlighted some of the major limitations experienced 

when comparing studies and these include; observer differences, differences in the selection 
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analysis and time of recording from which whistles are selected. Field recording factors that may

also alter the sound production of spinner dolphins include; research platform, presence of other 

boats in the study area, and the given methodology associated with data collection (Camargo et 

al., 2006). Other physical and biological factors to be considered include: habitat type, group 

size, group dispersion, general behavioral state, geographical location, sample times, 

environmental conditions, the composition and social structure of the pod, and general 

behavioral states (Bazúa-Durán, 2004). Understanding function may be facilitated by careful 

observation of synchronous group behavior as well as documentation of noted factors, and 

consistency in research equipment and collection procedures. 

If the whistle categorization method is ever used to monitor the acoustic communication patterns 

of the population at Moon Reef in future, it is suggested that more specific guidelines be used to 

define the different whistle categories to reduce observer differences. The reason for variation in 

in the whistle characteristics still remain unclear, however, future studies should measure other 

parameters such as number of turns and steps to avoid observer bias to a greater extent (Bazúa-

Durán & Au, 2002). It is also recommended that there be further investigations be made on the 

physical characteristics of Moon Reef and the existing protected area to detect if the physical 

structure of the reef has an effect on their acoustic communication patterns. It is also important to 

correlate boat presence, general behavioral states and temporal changes with the sound 

production, taking into account other factors such as; group size, survey effort, distance, depth, 

population and sex, to better understand the social functions of the Moon Reef spinner dolphin 

population.

2.7 Conclusion

This study has only begun to describe and document the whistle repertoire of the Moon Reef 

spinner dolphins providing insights into factors that may affect their acoustic communication 

patterns. The whistle repertoire of spinner dolphins are large and varied and for species that live 

in large groups that coordinate behavior at all times e.g., during travel, foraging, socializing and 

rest is quite important to maintain communication between the pods (Bazúa-Durán & Au, 2002).

A major problem faced in acoustic studies is the lack of comparability and standardized 

methodology (Ansmann, 2005). Most studies differ in the survey designs, the acoustic recording 
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equipment used, types of analyses conducted, the whistle parameters measured and the 

classification of whistle types. Whistles seem to play a significant role in the acoustic 

communication of most delphinids (Herman & Tavolga, 1980). Of all acoustic signals, whistles 

are important in defining the limits and arranging individuals in a pod as well as conveying 

information on the emotional state and identity of an individual (Norris et al., 1994). The study 

of whistle repertoires is therefore very important if whistles function as acoustic signals to 

regulate group structure and movement.
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CHAPTER 3: THE DAILY ACOUSTIC COMMUNICATION PATTERNS

3.1 Introduction
Spinner dolphins are the most common dolphin species found inhabiting most tropical pelagic 

waters (Perrin, 2009). Spinner dolphins have a diurnal behavioral cycle of feeding offshore at 

night and moving into sheltered bays and reef habitats to rest in the during the daytime hours 

(Norris & Dohl, 1980). Residence within the daytime location typically starts between 0700 h 

and 0800 h and ends between 1600 h to 1800 h (Notarbartolo-di-Sciara et al., 2009, Silva & Da 

Silva Jr, 2009). Preference for this daytime habitat has been linked to decreasing the risk of shark 

predation (Norris & Dohl, 1980) and increasing resting behavior (Norris & Dohl, 1980, Norris et 

al., 1994). The presence of spinner dolphins in the evening over shelf waters has been associated 

with foraging on the mesopelagic boundary micro nekton community (Perrin, 1998, Benoit-Bird 

& Au, 2003). Similar diurnal patterns have been observed in several locations around the globe, 

including; French Polynesia (McCowan & Reiss, 1995), Hawaii (Norris et al., 1994), Fernando 

de Noronha, Brazil (Boehle, 2007), Midway atoll (NOAA, 2002), the Red Sea and off the 

southern coast of Egypt (Notarbartolo-di-Sciara et al., 2009).

Spinner dolphins produce sounds like echolocation clicks, pulse signals, and whistles (Norris et 

al., 1994, Lammers, 2003). Echolocation clicks are short broadband clicks with varying 

frequencies between tens of kilohertz (Norris & Evans, 1966) to over 100 kHz (Au, 1980). The 

clicks occur in trains of a few to several hundreds and are mainly used to navigate and detect 

objects within the dolphin’s vicinity (Au, 1993). The burst pulse signals are broadband click 

trains with short inter-click intervals repeated at high rates (Watkins, 1967, Herzing, 2000).

Broadband click rates of bottlenose dolphins (Tursiops sp.) are quantitatively described as 

buzzes, creaks, pops and squeals (Caldwell & Caldwell, 1967, Herzing, 1996). These sounds are 

known to play an important role in social interaction of most delphinids (Overstrom, 1983,

Herzing, 1996). The whistles of spinner dolphins are continuous, narrowband frequency 

modulated sounds with a fundamental component below 23 kHz and harmonics up to 62 kHz 

(Au et al., 1999). On average, the whistle duration varies between 0.1 and 1.5s (Steiner, 1981,

Norris et al., 1994). Of all the acoustic signals produced by spinner dolphins, whistles are known 

to be the most variable (Lammers et al., 2006).
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Whistles display low directionality but over long distances they function as communication 

signals (Norris & Dohl, 1980). Whistles function as social signals and are important for group 

organization and function (Norris & Dohl, 1980, Norris et al., 1994, Janik & Slater, 1998,

Herzing, 2000, Lammers, 2003). The study of cetacean sounds and acoustic signals may provide 

insights into the social organization and association patterns among individuals in a pod 

(Whitehead et al., 1998, Deecke et al., 1999). The different forms of vocalizations in cetaceans 

are used as a communication system to facilitate social behaviors like, mating or dominance 

displays, simple play and also to coordinate hunting in the wild (Richardson et al., 1995,

Dudzinski et al., 2009).

Spinner dolphins are more active behaviorally and acoustically in the late afternoons and depend 

on acoustic signaling to promote coordination of the group as they forage farther offshore in the 

evenings (Perrin, 1990, Benoit-Bird & Au, 2003). Norris et al., (1994) investigated the 

associations between behavior and whistles of the Hawaiian spinner dolphins and found that 

whistle rates increased during excitement and stress. Busnel & Dziedzic (1966) also observed 

that there was an increase in the rate of whistles production when common dolphins (Delphinus 

sp.) were bow riding and feeding. Such behavior was also noted when bottlenose dolphins were 

engaged in cooperative behavior and fleeing (Evans, 1966). Lammers (2003) also found that the 

whistle production for both spinner dolphin and common dolphins in the wild was observed to be 

high at night during foraging hours and lowest during mid-day (Lammers, 2003).

Research on identifying the behavioral context of specific calls of marine mammals has also 

been conducted particularly for foraging (Janik, 2000). In examining calls with specific 

functions, studies have been able to examine the acoustic behavior across broad behavioral 

states, indicating that the behavioral states of marine mammals vary with the type and rates of 

calls produced for communication (Taruski, 1979, Dawson, 1991). Lammers (2003) also found 

that acoustic communication seem to vary in the fine structure of their temporal patterning, 

temporal spacing within a bout, and in their occurrence within a large cyclical 24 hour time 

frame. The periodicity of signals over time such as days and hours can also indicate variables 
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such as reproductive state and activity levels (Lammers, 2003). Caldwell & Caldwell (1968)

conducted a study on four naïve captive common dolphins and suggested that whistle exchanges 

do have temporal structure. They also observed that the duty cycle of chorusing behavior and 

whistling bouts among these common dolphins followed certain temporal rules (Caldwell & 

Caldwell, 1968).

In reviewing literature, limited information exists on the diurnal acoustic communication patterns 

of spinner dolphins in the PIR, therefore more research is needed to monitor the daily acoustic 

trends of spinner dolphins to determine if both time of day and seasonal variation has an impact 

on the acoustic production of spinner dolphin populations. Investigating the diurnal acoustic 

communication patterns of spinner dolphins will provide useful insights into understanding their

social function during the daylight hours as well identifying certain factors that may affect or 

disrupt their behavior during the resting period.

Hunt (2009) investigated the diurnal behavioral patterns of the Moon Reef spinner dolphins and 

found that the predominant group behavior of the resident pod of dolphins was resting; at least 

87.5% of the time, dolphins were found resting between 0700 h and 1600 h. A diurnal pattern of 

aerial and social activities was also observed to be increasing in the late afternoon hours (Hunt, 

2009). Williams (2011) also synchronously documented the surface behavior and acoustic 

recordings of the Moon Reef spinner dolphins to get a better understanding on the relationship 

between their visually observed surface behaviors and acoustic recordings. Williams (2011) 

study found that as whistle rates peaked in the morning and in the afternoon, there was also an 

increase in their surface and social behavior of the Moon Reef spinner dolphins. Recent acoustic 

monitoring at Moon Reef have also observed diurnal patterns in the associated with the six 

spinner dolphins whistle types (i.e. Upsweep, downsweep, concave, convex, sine and constant).

This study will further investigate the diurnal acoustic communication pattern of the Moon Reef 

spinner dolphins by specifically aiming to:

� Assess the response of whistle production rates against time of day to determine if 

relationships were present between the spinner dolphin whistle production rates and time 

of day. 
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� Determine if there were variations in the whistle production rates, and if so, whether it 

followed similar patterns found in William’s (2011) study and

� Investigate if both time of day and fieldwork periods had an impact on the whistle 

production rates of the Moon Reef spinner dolphins. 

3.2 Methodology
 

3.2.1 Study Site
This study was conducted at Moon Reef (17º 31.7’S, 178º 30.7’E), a circular reef complex 

located approximately 7.3 km from the village of Silana, on the north-eastern coast of the island 

of Viti Levu, Fiji Islands refer to Figure 4. This reef has a diameter of approximately 1500m and 

covers a total surface area of approximately 1.7 km²  (Cribb et al., 2012). A quarter of the reef 

(~0.38km²) is made up of sandy bottomed waters, bordered by coral formations (Cribb et al.,

2012). The reef has entrances, located on the north-west and south west sections of the reef 

complex. The north opening is approximately 15 m across with a solid reef structure located in 

the centre of the entrance dividing it into two smaller openings running 5-7 m across while the 

southern opening is approximately 60 m across. The minimum water depth at low tide is about 

1m and the maximum depth within the reef system is approximately 15 m (Cribb et al., 2012).

 

Figure 4 Location of Moon Reef on the northeastern coast of Viti Levu.
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3.3 Data Collection

3.3.1 Survey Effort and Acoustic Recordings
Three main research trips of 2-3 weeks were conducted over a one year period between the 

months of October 2012 and October 2013. Field work 1 was conducted from the 

01/October/2012 to 12/October/2012, fieldwork 2 from the 23/July/2013 to 07/August/2013 and 

field work 3 from 08/October/2013 to 25/October/2013.

Observations were conducted on a daily basis from a small vessel between the 0700 h and 1700 

h, although periods of data collection between days were randomized according to weather 

conditions and boat availability. Surveys were only conducted in condition of BSS (Beaufort sea 

������	��`	Acoustic recordings were made in areas of maximum depth, located near the center of 

the reef system. Recordings were made from various forward cabin fiber glass skiffs (ranging in 

length, 7-15m) powered by a 40 horse power Yamaha motor. To make a recording the engine 

was turned off and allowed to drift. Between recordings the boat was repositioned if it had 

moved too close to the reef. 

Acoustic recordings were made with a High Tech HTI-96-MIN hydrophone with a 30m cable 

attached to an M-Audio Micro track II digital recorder. The hydrophone was flat to 35 kHz 

(±3dB) and the DAT having an upper frequency limit of 24 kHz (i.e. a sampling rate of 48 kHz).

Poor meant very few whistle heard with interfering back ground and good sound quality was 

gaged on whistles clearly and persisted for the length of the recording time. Recordings were 

made for duration of 5 minutes for every 10 minute interval during data collection periods.

A Garmin 78cx (marine) handheld GPS was used to mark the recording locations. At the end of 

each recording the following information was documented: date, track number, sound quality (on 

a qualitative scale of 1 (poor) to 3 (good), start time, BSS, GPS waypoint, number of boats 

present in the reef, spinner dolphin group size (number of individuals in the pod), dominant 

group behavior (i.e. based on >75% of what the group were engaged in; either, resting, milling, 

travelling, and fleeing at start time of the recording) as per definitions of Hunt (2009) refer to 

Table 7.
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Table 7 Definitions of dominant group behavior adapted from Hunt (2009)

Dominant Group Behaviour Group behaviour

Category Definition
Milling Swimming in different directions, asynchronous breathing
Resting Swimming slowly in same direction, synchronous breathing; usually 

surface less often and more cryptically than when milling

Travelling Swimming rapidly, usually heading into or out of bay

3.4 Data Analyses

The acoustic recordings collected from the hydrophone were opened in Raven Pro 1.5 (Cornell 

Lab of Ornithology, Ithaca, New York) to digitally process the sound files and generate 

spectrograms where the sound types could be visualized in terms of their frequency as a function 

of time. In order to generate the spectrograms on the Raven Pro 1.5 software, the acoustic sound 

files was first processed in the wave file format (channel: 1, sample rate: 44100 Hz, encoding: 

16-bit signed). Then sound window was set configured to window preset: default 1.3 power to 

control the layout of the acoustic tracks. The whistle types were then defined based on the visual 

inspection of the contour shape in the spectrogram. Spectrograms of the acoustic recordings was 

characterized into one of the six whistle categories (i.e., constant, upsweep, downsweep, 

concave, convex and sine) following definitions of (Bazúa-Durán & Au, 2002). Measurements of 

the maximum frequency were restricted by the upper frequency limit (24 kHz) of the recorder.

All acoustic recordings gathered during the three fieldwork periods were used in the analyses. 

However consideration of inclusion of a given whistle within this study was based on listed 

selection criteria also outlined by Bazúa-Durán & Au (2002):

(a) Whistles selected were clear in the contour shape,

(b) Whistles were not overlapping with other whistle contours,

(c) Whistles were not cut by the upper frequency limit of the recording system

(d) Whistles were to have a good signal to noise ratio and

(e) Whistles were not chopped in pieces or broken. 
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Note: (refer to Table 1 in chapter 2 for description of whistle categories)

The selected whistles were then counted and recorded into their respective categories. Each 

whistle type was further categorized into the hour in which they were emitted throughout the day 

and the fieldtrip period they occurred. From this, rate of whistles produced per minute was 

calculated for each whistle type and a graph plotted to assess average rate of acoustic production 

against time of day.

3.5 Statistical Analyses 

Statistical analyses in this study were conducted using the R (version 3.1.0) statistical software 

(R Development Core Team, 2014). A Shapiro- Wilk test was used to conduct normality tests on 

the six whistle types. Results revealed that the dataset was normally distributed, so an analysis of 

variance (ANOVA) test was then used to determine if mean differences existing in the fieldwork 

periods and hour of the day for each of the six whistle types. A post hoc test (Tukey) was then 

used to compare the means of the two tested variables in order to identify which specific 

fieldwork times and hours of the day were significantly different and had impact on the whistle 

production rates of the Moon Reef spinner dolphins.

Regression lines were also fit to model the response of acoustic variables against time of day. 

For all the variables, regression lines such as the linear, logarithmic and polynomial (2nd order) 

were examined for relative fit and visual inspections were made for relative conformation of data 

points to regression model assumptions. The extracted R² values and visual inspection of graphs 

produced were used to judge best fit.

3.6 Results

3.6.1 Survey Effort

A total of 237 acoustic track recordings were collected within 23 days over a period of 289 hours 

20 minutes and 5 seconds. Acoustic data was collected between the hours 0700h and 1700h, 

from three main field work periods; fieldwork 1 (01/October/2012 to 12/October/2012), 

fieldwork 2 (23/July/2013 to 07/August/2013) and fieldwork 3 (08/October/2013 to 
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25/October/2013). Recording times for each field trip lasted for about 96.3 hours, 6.6 minutes 

and 1.6 seconds with earliest recordings beginning at 0715 h and the latest recording finishing at 

1654 h. For fieldwork 1, a total of 2,156 whistle samples were collected over 9 days. Fieldwork 2 

gathered a total of 402 whistles over 4 days and fieldwork 3 collected a total of 5,402 over 10 

days. 

3.6.2 Regression Analysis

Regression lines (linear, logarithmic and polynomial) were fit to model the responses of each 

whistle type against time of day refer to Table 8. Based on R2 values, relatively good fit with 2nd

order polynomials were found for downsweep (0.71) and constant (0.93) whistles (Figure 5 &

Figure 6). Note that Figure 33, Figure 34, Figure 35, Figure 36 listed in appendix are the 

remaining regression analysis graphs for the remaining whistle classes.

 

Figure 5 Downsweep whistles versus time of day. Regression line of best fit to the spread of data is 2nd 
order polynomial, with an R2 value of 0.71

R² = 0.7068 
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Figure 6 Constant whistles versus time of day. Regression line of best fit to the spread of data is 3rd order 
polynomial, with an R2 value of 0.93

 

 

Table 8 R2 values and the regression line of best fit of acoustic variables versus time of day. R2 values 

greater than 0.50 revealed strong relationships (values in bold). 

Whistle type R2 Line of best fit

Upsweep 0.50 Polynomial (2nd Order)

Downsweep 0.71 Polynomial (2nd Order)

Concave 0.18 Polynomial (2nd Order)

Convex 0.001 Polynomial (2nd Order)

Sine 0.14 Polynomial (2nd Order)

Constant 0.93 Polynomial (2nd Order)

R² = 0.9333 
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3.7 The Diurnal Trend in Acoustic Communication Pattern 

3.7.1 Rate of Whistle Production throughout the Survey time
The average rate of whistles produced per minute for the six whistle types produced by the Moon 

Reef spinner dolphins varied throughout the hours of the day, refer to Table 9. Upsweep whistle 

was observed to have the highest rate of whistle production throughout the day except at 1400 h.

The average rate of upsweep whistles ranged from 1.26 to 4.37 whistles/minutes. Results showed 

that the rate of upsweep whistle production was 2.96 whistles/minute as the dolphins entered the 

reef at 0700 h with whistle production slightly decreasing at 1000 hrs. Whistle rates later 

increased from 1100 h to 1300 h, decreasing to 1.26 whistles/minute at 1400 h before gradually

increasing again before the dolphins left the reef. 

Table 9 Average rate of whistles per minute and standard error (Mean ± SE) of the six spinner dolphin 
whistle types recorded as early at 0700 h and as late as 1600 h.

Time of 
Day (10 
hrs.)

Upsweep 
rate

Downsweep 
rate

Concave 
rate

Convex rate Sine rate Constant 
rate

0700 2.96±0.89 1.74±0.77 0.55±0.15 0.55±0.30 0.94±0.39 0.82±0.22
0800 2.43±0.59 1.70±0.59 0.74±0.13 1.06±0.25 0.75±0.19 0.89±0.14
0900 1.88±0.80 0.64±0.80 0.35±0.10 0.52±0.14 0.91±0.27 0.62±0.25
1000 1.55±0.70 0.65±0.16 0.65±0.16 0.82±0.24 0.15±0.04 0.28±0.10
1100 2.35±0.70 1.42±0.35 0.83±0.25 1.66±0.74 0.53±0.14 0.38±0.12
1200 2.68±0.28 1.41±0.12 0.93±0.10 0.94±0.14 0.66±0.09 0.66±0.09
1300 3.31±1.34 3.31±1.34 3.31±1.34 0.51±0.26 0.29±0.15 0.93±0.51
1400 1.26±0.43 1.55±0.68 0.73±0.33 0.62±0.20 0.91±0.38 1.07±0.46
1500 3.53±0.64 2.49±0.63 0.70±0.15 1.07±0.22 0.90±0.23 1.41±0.45
1600 4.37±1.11 2.38±0.53 0.72±0.15 0.87±0.32 0.34±0.12 1.87±0.78

Downsweep whistle showed a similar pattern, with a relatively high rate of acoustic production 

as the dolphins entered the reef; whistle rates dropped around the mid-morning hours, peaked 

from 1.41 to 3.31 whistles/minutes at 1300 h then decreased from 1400 h to the late afternoon 

hours. Concave whistle had a low rate of acoustic production (0.55 whistles/minute) as the 

dolphins entered the reef in the early hours of the morning. Whistle rates slightly increased 

around 0800 h then dropped to 0.35 whistles/minutes around 0900 h before increasing again 

from 1000 h to 1300 h. The rate of concave whistles later decreased towards the late afternoon 

hours. The average rate of convex whistle was again fairly low as the dolphins entered the reef at 
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0700 h; the rate of production increased at 0800 h, decreased at 0900 h then slightly peaked at 

1100 h with a rate of 1.66 whistles/minute. 

The acoustic production rates of convex whistle decreased from 1200 h to 1400 h progressively 

picked up at 1500 h then the rates decreased from 1.07 to 0.87 whistles/minute before the 

dolphins left the reef. The production rate of sine whistles wash high as the dolphin entered the 

reef at 0700 h, the whistle rates then decreased to almost silent at 1000 h with a rate of 0.15 

whistles/minute. Whistle rates began to pick up again from 1100 h to 1200 h, decreasing to 0.29 

at 1300 h and fluctuated in the afternoon hours. For the constant whistle, rate of acoustic

production was quite high as the dolphins entered the reef, the whistle rates dropped to 0.28 

whistles/minute at 0900 h then gradually increased from 1000 h until the dolphins left the reef 

for their feeding grounds.

In summary, all the whistle types showed high rates of whistle production rates in the early 

morning hours except for concave and convex. Each of the whistle rates decreased to almost 

silent at around 1000 h which was most likely their resting period; however, a slight increase in 

the rate of acoustic production was again observed in both the concave and convex whistles. The 

rate of upsweep, downsweep, concave and constant whistles peaked at 1300 h, while the rate of 

acoustic production of both convex and sine whistle slightly dropped around this hour. Whistle 

rates of upsweep, downsweep and concave, decreased at 1400 h, then these whistle rates together 

with the constant whistle later picked up in the later in the afternoon. Convex and sine whistles 

differed from the rest of the whistle types, with the rate of acoustic production decreasing before 

the dolphins left the reef for their feedings grounds.
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3.7.2 Trend in Whistle Production throughout the Survey time
 

 

Figure 7 Graph of average whistle rate per minute against time of day for the six Moon Reef 
spinner dolphin whistle types, showing their whistle production when they first enter the reef at 
0700 h as they slowly move into a state of rest at 1000 h and before they leave the reef to forage.

 

Figure 7 displays the pattern of whistle production rates for each of the six whistle types of the 

Moon Reef spinner dolphins against time of day. This diurnal pattern of occurrence showed that 

the rate of acoustic production was relatively high for upsweep, downsweep, sine and constant 

whistles as the dolphins entered the reef in the early hours of the morning, decreasing in rate of 

production around 1000 h and gradually picking up in the early afternoon hours. 

Results slightly differed in concave and convex whistles, where the rate of whistle production 

was relatively low as the dolphins entered the reef in the early hours of the morning, increasing 

in rate of production from 1000 h to 1100 h and gradually fluctuating in the early afternoon 

hours. The rate of whistle production was also observed to be relatively low around 1300 h to 

1400 h for upsweep, downsweep and convex whistle, with the rest of the whistle types increasing 

in the rate of acoustic production before the spinner dolphins left the reef for the feeding grounds 

in the late afternoon hours.
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3.8 Analysis of Variance (ANOVA) test of Hour of day and Fieldwork times
In comparing the mean fieldwork times and hour of day surveys were conducted for each whistle 

type; results showed that both variables had significant impacts on the Moon Reef spinner 

dolphin acoustic production rates. Of all the measured acoustic variables, constant whistles was 

found to be the only whistle type that was significantly impacted (p < 0.05) by hour of day refer 

to Table 10.

Table 10 Results of the ANOVA test, with F and P values indicating the acoustic variables being 
impacted by Hour of day. Significant values are in bold (p<0.05). 

Whistle type df F-value P-value
Upsweep 9 1.21 0.29
Downsweep 9 1.22 0.28
Concave 9 1.41 0.19
Convex 9 0.90 0.53
Sine 9 1.21 0.30
Constant 9 2.37 0.01

Results indicated that significant differences between (i) 1000 h and 1600 h, and (ii) 1100 h to 

1600 h were evident.  Fieldwork times had significant impacts (p < 0.05) on the upsweep, 

convex and constant whistles refer to Table 11. For the upsweep (F = 5.12, p = 0.006) and 

convex whistle types (F = 9.16, p = 0.00148), differences were found between fieldwork’s 1 and 

3. While constant whistle type, fieldworks 1 and 3 as well as 2 and 3 had significant differences 

in rate of whistles produced (F = 11.875, p = 1.22e-05). There were a lot of variations in the 

overall rate of acoustic production throughout the survey and field times. 
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Table 11 Results of the ANOVA test, with F and P values indicating the acoustic variables being 
impacted by the different fieldwork times. Significant values are in bold (p<0.05).

3.9 Discussion

In assessing the daily acoustic patterns of the Moon Reef spinner dolphins, the six whistle types 

showed different temporal trends. A diurnal pattern of movement was evident with dolphins 

entering the reef in the early hours of the morning (0600 h to 0700 h) and leaving for their 

feeding grounds in the late afternoon hours (1600 h to 1700 h). Four of the six whistles types 

(upsweep, downsweep, sine, and constant) were observed to have relatively high whistle 

production rates when the dolphins entered the reef in the early hours of the morning and

decreasing to almost silent around 1000 h as they moved into a state of rest. Whistle rates of 

upsweep, downsweep and concave peaked around 1300 h, with only downsweep and concave 

decreasing in acoustic production in the afternoon hours.  Of all six of the whistle categories, 

only the upsweep and constant whistle rates showed an increase in whistle production in the late 

afternoon hours, before the dolphins left the reef.

Previous studies by Norris & Dohl (1980) have shown similar patterns in acoustic 

communication; with spinner dolphins producing high levels of whistles when arriving into a

resting site in the morning hours and whistle rates reducing as they moved into a state of rest. 

This was not the case in both this and Williams (2011) study; few whistles were heard during 

mid-day, when the dolphins were supposed to be resting. This study followed a similar pattern to 

Williams (2011), with the Moon Reef spinner dolphins producing a few convex, sine and 

constant whistles as they arrived into the reef, but instead of faint whistles heard, whistle rates of 

upsweep, downsweep and concave peaked in the mid–day hours. Williams (2011) also 

highlighted that there was a decrease in upsweep, downsweep and sine whistle production after 

Whistle type df F-value P-value
Upsweep 2 5.13 0.007
Downsweep 2 0.72 0.50
Concave 2 2.35 0.10
Convex 2 9.16 0.0001
Sine 2 2.76 0.07
Constant 2 11.9 1.22e-05
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the dolphins entered the reef and increasing in the late afternoon hours. The same was observed 

in this study, however, whistle rates of upsweep, downsweep and constant were observed to 

increase in the afternoon hours with whistle rates of concave, convex and sine whistles

fluctuating in the late afternoon hours, before the dolphins left the reef.

The rate of acoustic production in this study was very similar to the pattern observed in Williams 

(2011) study at the same location. However, instead of moving into a complete state of rest after 

first arriving into the reef, this study observed the dolphins communicating more around the mid-

morning to mid-day hours, during their period of rest. The group size has not changed much 

since Williams (2011) conducted her study at Moon Reef, however this could imply that the 

increase in boat traffic to the reef from the nearby eco lodges has disrupted their resting times, 

causing the dolphins to communicate a lot, causing more whistles heard during the day. 

Williams (2011) also found that all whistle types except for constant whistle had correlations 

with time of day. However results from this study revealed three of the six whistle types 

(upsweep, downsweep, and constant) having correlations with time of day. More investigation is 

needed to further identify these trends. A diurnal trend in the whistle rates of spinner dolphins as 

well as showing that whistle rates vary over broader time scales. Such a finding suggests that 

different whistles have unique functions and also that communication patterns may change over 

time.

However, in addition to the patterns of diurnal behavior and the factors investigated in this study, 

it is likely that a number of other variables influence acoustic production rates during the day.  

Most support for such relationships sits with behavioural responses - which in turn might impact 

acoustic pattern that may have arisen from other factors than just general daily patterns.  

Williams (2011) observed the dolphins to be communicating less and producing fewer whistles 

when the groups were closer together than apart during the field survey hours. Norris & Dohl 

(1980) in their study found dolphins moving closer together, literally touching each other as they 
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moved into a state of rest. Through close ranges and body contact interactions, dolphins tend to 

communicate less which could be the result of the reduced whistle rates heard by the Moon Reef

spinner dolphins during the mid-morning and early afternoon hours of the survey time.  

However, a broader suite of studies investigates impacts of the presence of boats including 

tourism operators. Shawky & Afifi (2008) conducted a study on the impacts of humans on 

spinner dolphins in Kealakekua Bay located on the Big Island of Hawaii and found that the 

increase in kayakers, eco boat tours and inflatable dinghies over time resulted in a decrease in 

dolphin presence in the area.

Other impacts that have been noted due to dolphin-human interactions include; avoidance of 

spinner dolphins from swimmers and vessels (Acevedo, 1991, Janik & Thompson, 1996, Hastie

et al., 2003), changes in the travelling speed, direction of movement, distribution, and surfacing 

behavior (Driscoll-Lind & Ostmand-Lind, 1999, Forest, 2001, Lammers, 2004) decrease in 

resting time, and alteration in the animals acoustic communication patterns (Scarpaci et al.,

2000, Soldevilla et al., 2010). Additional factors to be considered in the context of acoustic 

production rates are group size (e.g. Herzing, 2000), presence of calves, weather conditions, and 

distance of animal from the boat (Ansmann, 2005).

Given some of the patterns noted in this study, it is plausible that acoustic monitoring may be a 

useful approach to measuring spinner dolphin activity. Furthermore, passive acoustic monitoring 

provides a number of advantages such as longer sampling periods inclusive of night-time, rough 

weather, and in remote locations. However, visual observations provide alternative benefits 

including behavioral assessments, group size estimation, and social structure observations. 

This study has been able to provide insights into the daily acoustic communication patterns of 

the Moon Reef spinner dolphins. On average, the whistle rates of these dolphins had high 

production rates as the dolphins entered the reef early in the morning, whistle rates decrease to 

almost silent in the mid-morning hours before increasing from the early to late afternoon hours. 

This pattern of whistle production could possibly indicate that their resting times are disrupted by 

tour vessels from the nearby Eco lodge and other human interferences. The hour of day and 
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fieldwork periods were also found to have significant impacts on the Moon Reef spinner dolphin 

whistle rates, therefore more research is needed to monitor these trends. 

There is not much evidence to prove that boat traffic may be a confounding factor contributing to 

the alteration in spinner dolphin resting times. In future the standardization of whistle rates to the 

number of whistle rates per minute per individual (based on the estimated group size) should also

be included in the analysis to provide more insights into determining if the whistle production of 

the Moon Reef spinner dolphins is related to group size and behavior as well as individuals 

present. Further research is also needed to further verify if boat presence from the nearby eco 

lodges has a significant impact on their acoustic production rates; and also assess if other factors 

such as; population structure, sex, presence of calves have an influence on the daily acoustic 

communication patterns of this population.

3.10 Conclusion

This study documented that there was substantial variation in whistle production rates over a 

diurnal scale. High rates of whistle production were recorded as the dolphins entered the reef in 

the morning, whistle rates decreased around the mid-morning hours and sometimes fluctuated in 

the late afternoon hours. This study also highlighted that both hour of day and fieldwork times 

had significant impacts on the acoustic communication rates and that the acoustic production 

rates of the Moon Reef spinner dolphins seem to vary over time. This study has only begun to 

identify the daily acoustic trends and provide baseline information for future research at this site 

and in the Fijian waters.
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CHAPTER 4: THE ECHOLOCATION CLICK ACTIVITY

4.1 Introduction
Spinner dolphins are found in all tropical and subtropical waters around the globe in areas 

normally between 30ºN and 30ºS (Au, 2002, Reeves et al., 2002, Anderwald et al., 2012). Some 

species are found in high seas while others associate themselves with inshore sheltered island 

habitats (Shawky & Afifi, 2008). It was hypothesized by Norris et al., (1994) that spinner 

dolphins feed offshore on small mesopelagic fish, shrimp and squid that rise to the surface at 

night. Cawardine (2002) observed and further confirmed that spinner dolphins have this diurnal 

pattern of moving offshore to feed on the migrating deep scattering layer and rest inshore areas 

during the daytime hours. This pattern of movement is unusual in cetaceans. Their social 

behavior and cooperate foraging in big groups has enabled them to increase their catch at night 

(Anderwald et al., 2012).

Due to limited visibility underwater, most nocturnal foraging animals depend more on sound to 

navigate and socially interact with one another in the wild (Tyack, 1999). Light levels are low to 

non-existing at night and vision also doesn't go far underwater compared to sound even in the 

best daylight conditions (Bazúa-Durán & Au, 2002). Dolphins produce a variety of acoustic 

signals which are characteristics into three distinct categories; burst pulse sounds, whistles and 

echolocation (Au, 1993). These signals play a significant role in the social interaction of most 

odonotocetes and may also function as echolocation tasks (Herzing, 1996).  Echolocation has 

always been the key to night time foraging and is defined as the process an animal assesses its 

environment by emitting sounds and listening to echoes as they reflect as sound waves off 

certain objects within the environment (Au, 2002).

The echolocation clicks of most dolphin species occur in trains comprising a few  to over 

hundred clicks, normally used to detect potential obstacles and preys within its vicinity (Au, 

1993, Tyack, 2000). These clicks are short broadband pulses having rapid rise time and short 

durations �������	����	��	��	��	���	��	$�`�`	Au, 1980; Hatakeyama & Soeda, 1990) with peak 

frequencies varying from 60 kHz to over 120 kHz (Norris & Evans, 1966, Au, 1993). Passive 

acoustic monitoring (PAM) is used in cetacean studies (Gillespie et al., 2005, Simon et al., 2010)

to collect acoustic data during bad weather conditions and hours of darkness when the use of 
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visual techniques are limited. This monitoring method is less labor intensive and cost effective 

continuously monitoring cetacean acoustics over long periods of time (Bond, 2006, Anderwald et 

al., 2012).

The main constraint with acoustic monitoring is the fact that it relies on the vocalizations of an 

individual, size of the pod, and in most cases the behavior of the individual can have an effect on 

the detection rates (Bond, 2006). C-PODS (digital Cetacean-PODs; 

http://www.chelonia.co.uk/about_the_cpod.htm) or stationary automated passive acoustic data 

loggers  are employed to monitor the use of a location frequently visited by cetaceans and 

designed to log echolocation click information of cetaceans and other odonotocetes (i.e. 

recording time of occurrence, amplitude and length of click).

Clicks used for echolocation are spaced out, allowing sound to travel to an object, reflecting off 

its surface and returning to the dolphin to be processed (Au, 1993). Au (2002) found that 

Bottlenose dolphins emit short high frequency broadband click pulses of tens of kHz bandwidth 

with a duration of 40-^�	����`	�����	������	���	����	���������	��	�	�����������	
���	���	������	

frequencies at 110 - 120 kHz. As the distance from bean axis increases, the signal gets distorted 

and decreases in amplitude (Au, 2002). Bottlenose dolphins use echolocation to discriminate 

between similar targets and to detect objects over 100m (Au, 2002). Cetaceans normally navigate 

in waters that are murky with limited visibility (Tyack, 2000). Their ability to echolocate in this 

sort of environment enables them to detect obstacles within their vicinity faster than they are able 

to see it (Tyack, 2000). Echolocation according to Benoit-Bird & Au (2009) is mainly used by 

spinner dolphins to cue group movement or coordinate individuals in a group when foraging.

The Moon Reef spinner dolphins show a diurnal pattern of movement with dolphins entering the 

reef in the early hours of the morning, slowly moving into a state of rest throughout the day and 

leaving the reef in the late afternoon hours for their feeding grounds. In the previous chapters, a 

diurnal trend in the whistles of the Moon Reef spinner dolphins was also observed with the

proportion of whistle usage varying across time of day. This present study will further 

investigate the diurnal acoustic communication trends of this population by monitoring their 

echolocation click patterns during their resting time. Specifically aiming to:
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� Document the echolocation activity of this resident population of dolphins throughout the 

day

� Determine if clicks are been detected during their resting time and

� Further determine if echolocation is used by these dolphins as another form of 

communication when inside the reef

4.2 Methodology

4.2.1 Study Site

This study was conducted at Moon Reef (17º 31.7’S, 178º 30.7’E), a circular reef complex 

located approximately 7.3 km from the village of Silana, on the north-eastern coast of the island 

of Viti Levu, Fiji Islands refer to Figure 8. This reef has a diameter of approximately 1500m and 

covers a total surface area of approximately 1.7 km²  (Cribb et al., 2012). A quarter of the reef 

(~0.38 km²) is made up of sandy bottomed waters, bordered by coral formations (Cribb et al.,

2012). The reef has entrances, located on the north-west and south west sections of the reef 

complex. The north opening is approximately 15 m across with a solid reef structure located in 

the centre of the entrance dividing it into two smaller openings running 5-7 m across while the 

southern opening is approximately 60 m across. The minimum water depth at low tide is about 

1m and the maximum depth within the reef system is approximately 15 m (Cribb et al., 2012).
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Figure 8 Location of Moon Reef on the northeastern coast of Viti Levu.

 

4.3 Data Collection

The echolocation clicks of the Moon Reef spinner dolphins was collected using a dispersed array 

of echolocation detectors (C-POD, Chelonia, Ltd, UK) which was deployed at Moon Reef their 

resting site between the months of (September to October, 2012), (January to April) and 

(September to October, 2013). In preparation for deployment, an SD card was inserted into the 

C-POD device with the start time recorded. The CPOD is essentially an event detector which 

operates in a passive mode and is designed to continuously record cetacean echolocation clicks. 

The device specifies the time at which energy in pre-selected filters are detected and it uses a

much narrower bandpass frequency within the 20 kHz-160 kHz. It can separate whistles from 

clicks only by determine which filters have contained energy above a particular threshold.  

A C-POD with the identification number 1925 was deployed at Moon Reef between the hours 

0700 h to 1700 h particularly at the start of any randomly assigned survey time block i.e. 

(morning, midday and afternoon) depended on weather and boat availability. The C-POD was 

deployed at the middle of the reef using temporary mooring block with synchronized time and

date recorders. The device was then fastened to the mooring block to keep the C-POD vertically 

a float in the water column with the transducer at least 5m above the sea floor. 
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A marker was used as a buoy at the water surface to locate the C-POD within the reef. A Garmin 

78cx (marine) handheld GPS was used to locate the position of the C-POD during each survey 

period. When a tonal click was detected, the time of occurrence, center frequency, intensity, 

duration of click trains, bandwidth and the frequency of the clicks was automatically recorded on 

the device. The C-POD was recovered at the end of each sampling day, with the retrieval time 

recorded. General weather conditions such as Beaufort sea state (BSS), glare (amount of 

reflection on the water surface) and cloud cover was also recorded on an hourly basis. The 

amount of glare recorded on each survey day was based on definitions by Williams (2011) refer 

to Table 12.

Table 12 Definitions and categories of glare adapted from Williams (2011).

Glare

Category Definition
Low Low amount of reflection on water, no difficulty in getting images in any direction

Medium Moderate amount of reflection on water, difficulty in getting images in some directions

High High amount of reflection on the water surface, difficult to get images in many directions

 

4.4 Data Analyses

Once the C-POD was retrieved after a survey day, the Secure Digital (SD) memory card was 

ejected from the device with the data downloaded and processed using version 2.025 of the C-

POD software (Chelonia Ltd., UK: http://www.chelonia.co.uk/about_the_cpod.htm) to detect 

echolocation clicks and other high frequency sounds such as boat sonar (Anderwald et al., 2012).

The echolocation click trains were the only acoustic signals recorded by the C-POD and 

analyzed in this study. C-POD files were copied and converted from CP1 to CP3 files on the 

software. The raw data is normally stored by the software in CP1 files then the software uses a 

(KERNO classifier) a specific algorithm to identify echolocation click patterns of porpoises and 

dolphins (CP3 file) (Anderwald et al., 2012). The positive detections of cetaceans are separated 

into classes on the software, with click trains that were most likely being of porpoise or dolphin 

origin classified as High and Moderate. These were used to minimize the rate of false positive 
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detections. In order to confirm whether or not the classified click trains were of porpoise and 

dolphin origin the CP1 files were analyzed manually deleting any possible positive false

detections. The output on the software displayed filters that indicated the level of confidence in 

cetacean echolocation click train detection these were classified as CetLow, CetMod and CetHi.

Only click trains which were characterized as CetHi and CetMod; grouped as CetAll were used 

in this analysis (Rayment et al., 2009). The software also exports data from the train files in 

positive time units such as Detection positive Minutes (DPM) or Detection Positive Hours 

(DPH) which is normally summed by day and average detections per month (Rayment et al.,

2009). In this study the acoustic detections were summarized as Detection Positive Minutes 


�����	��	��	��"���	�����	�`�`	���	�����	�"�
��	��	���"���	���	��"�	����������	�{	�������	�olphin 

echolocation click train.

4.5 Statistical Analyses

Boxplots of DPM against hour of the day were examined for general trends in variability. Chi-

squared test for goodness-of-fit against time of day were also used. Line-of-best fit for median 

hourly data was tested for linear, polynomial, and exponential trends. The data did not pass 

normality tests as determined so Shapiro-Wilks tests and quantile-quantile plots Kruskal-Wallis 

tests were used to examine differences between temporal factors including time of day (binned 

by hour) and given field trip. A Pearson correlation test was used to determine if there was a 

correlation between the median of number of clicks and standard deviation of clicks. And a 

Komogorov-Smirnoff test was used to test whether the DPM data set fitted a uniform 

distribution.

4.6 Results

4.6.1 Survey Effort

The C-POD used in this study was deployed at Moon Reef during the months of (September to 

October, 2012), (January to April, 2013) and (September to October, 2013), refer to Table 13 for

summary of CPOD deployment. The Moon Reef spinner dolphin echolocation data was gathered 

over 38 days between the hours 0700 h to 1500 h each survey day. 
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4.6.2 CPOD Deployment and Statistical Analysis 

Table 13 Summary of CPOD deployments at Moon Reef

Fieldwork Trips Dates Time range of 
recordings (h)

Detection 
Positive 
Minutes 
(DPM)

Total # of minutes 
recordings made 
for each sampling
period

1 01/10/2012 –
12/10/2012

0712 - 1721 360 1407

2 23/07/2013 -
07/08/2013

0803 - 1724 132 622

3 08/10/2013 -
25/10/2013

0712 - 1800 298 1533

A total 3562 minutes of recordings made during the sampling period reported positive detections 

of spinner dolphins.  The number of DPM per hour ranged from 1 to 47 with a median value of 8 

DPM per hour.  Line-of-best fit tests for median values revealed relatively low R2 values – which 

were consistent with the finding that the DPM data fit a uniform distribution refer to Table 14.

The R2 values were relatively low meaning that most of the regression values were lower than 

0.6, revealing weak relationships between the two variables. A Kruskal-Wallis rank sum test of 

DPM against hour of day revealed no significant difference (*2= 7.86, p = 0.6423).  A Kruskal-

������	 ����	 �"�	 ����	 ��	 ���	 �������	 ��������	 ����	 ��������	 ��	 �����������	 ����������	 $*2 =

4.5348, p = 0.2092). Results from the chi squared test against time of day also showed no 

�����������	�����������	�������	$*2= 3.5362, df = 10, p = 0.9659).

Table 14 Correlations between mean whistle rates and echolocation clicks (median and standard 
deviation). Concave whistles are not included as their mean values were not normally distributed.

Whistle type Click (median) Click (standard deviation)

Upsweep 0.669 -0.010

Downsweep 0.411 0.374

Convex 0.108 -0.210

Sine -0.541 0.459

Constant 0.510 0.359
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Pearson correlation between median number of clicks and standard deviation of clicks = - 0.140

Test of the significance of variance (standard deviation) of echolocation clicks against time of 

day was not significant (F = 2.143, p = 0.181). Refer to Figure 9 for box plot showing the 

relationship between hour of the day and positive detection of echolocation clicks per minute. 

 
Figure 9 Box plot showing Hour of the day versus Positive detection of echolocation clicks per minute 

(DPM).

 4.7 Discussion

Acoustic based surveys can be used to monitor the daily activities of dolphins, their geographical 

movements in isolated locations overtime and gather acoustic data during bad weather conditions 

and night time hours (Soldevilla et al., 2010). Whistles are primarily used by spinner dolphins 

for social interaction during the day and play a significant role in the communication and 

coordination of individuals in a pod (Herman & Tavolga, 1980). Echolocation clicks on the other 

hand has a key role in foraging enabling different dolphins species to detect prey as well as 

avoiding potential objects and predators while hunting at night (Herman & Tavolga, 1980). In 

monitoring the echolocation click patterns of the Moon Reef spinner dolphins, this study found 

that clicks were heard or detected throughout the day but there was no discernible change in click 

pattern across the day and between different sampling periods. Click rates were detected even 

when the whistle activity declined during the day. However, there was an increased range in 
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variability in the early afternoon hours. It is therefore important to understand the usage of 

dolphin echolocation click activity in order to interpret the variability in recorded clicks in terms 

of their movement and behavioral patterns. This variability in the occurrence of click rates can be 

used to determine activity and rest periods of dolphins. There was more poor weather 

experienced in field work 2 and at times the pod sizes were observed to be a lot smaller which 

may have resulted in the lowest number of click samples collected during this survey period. 

Understanding the usage of clicks is important when investigating the movement patterns of 

dolphins clicks because at times, the lack of acoustic detections during acoustic data collection 

may not necessarily be due to the absence of animals but because of non-vocalizing animals 

(Mackenzie et al., 2006). This is important to consider when there is a variation in the acoustic 

production of dolphins throughout different seasons (e.g. Oleson et al., 2007; Van Parijs et al.,

1999). However, echolocation is important for foraging and may be used to examine seasonal; 

movement patterns in dolphins (Soldevilla et al., 2010).

Studies on the acoustic and behavior of other odonotocetes has shown higher occurrence of 

clicks rates when animals were foraging, moderate when socializing and travelling and low when 

resting (Norris et al., 1994, Barrett-Lennard et al., 1996, Nowacek, 2005). Benoit-Bird & Au 

(2009) hypothesized that whistles are the primary acoustic signals produced by dolphins to 

maintain contact over large distances while foraging. A few whistles were detected in their 

study; however none were related to their foraging behavior. Benoit-Bird & Au (2009) also 

hypothesized that echolocation is mainly used to detect and target prey during night time 

feeding; however it was observed in their study that the animals were not producing much clicks 

when foraging, but during transitions between stages, moments when they were changing 

formation in the group while foraging (Benoit-Bird & Au, 2009). Their study suggests that clicks 

may be a form of coordinating cooperate foraging, as there seem to be correlations identified 

between their echolocation click rates with changes in foraging groups of dolphins (Benoit-Bird 

& Au, 2009).

As expected no foraging behavior took place in this study, so it is therefore plausible that clicks 

may be used by the Moon Reef spinner dolphins for group coordination and communication 

during their resting times. There were a lot of calves present during the survey periods; it is 
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suggested that sometimes young animals get inquisitive and tend to communicate more in their 

groups, producing higher rates of echolocative trains during the day. This could be the reason 

echolocation clicks were detected during the rest periods of the adults. Click trains are observed 

to increase during social bouts Sharon (2011); however no social bouts were recorded in this 

study. With respect to group size, Sharon (2011) observed that the increasing group size of 

bottlenose dolphins had no impact on their echolocation click rates during the day. Jones &

Sayigh (2002) also confirmed in their findings that the echolocation click rates of bottlenose 

dolphins decreases with increasing group size. It is therefore suggested that the general 

behavioral states of dolphins in the reef could have a strong influence on their echolocation click 

rates during the daylight hours. 

Echolocation clicks could also be used by dolphins to change the position of members in a 

group, gain information about the prey its association with its surrounding environment and used 

to transfer information between individuals and direct movement between groups (Benoit-Bird & 

Au, 2009). Very little is known about the function of dolphin echolocation behavior to solve 

tasks like capturing and detecting preys as well as avoiding potential obstacles when hunting 

(Tyack, 1999). Therefore the function of echolocation tasks will need to be further investigated.

Whistles may have quite a few functions within pods of spinner dolphins, i.e. the identification 

of members in the family and familiar associates, the assembly of animals and group 

coordination during foraging, travel and flight (Oswald et al., 2008). It is also suggested that 

whistles function as a form of long distance signal for communicating and frequently used when 

dolphins travel in large groups (Lammers et al., 2006). It was observed in this study that when 

the Moon Reef spinner dolphins were closer together, fewer whistles were heard. Norris& Dohl 

(1980) also found that spinner dolphins moved into a deeper state of rest as they drew closer 

together. Dolphins tend to communicate less when they are closer together resulting in the 

reduced amount of whistles heard at different times of the day. When arriving into a resting area 

spinner dolphins produced high levels of whistles, clicks and burst pulse which then reduces to 

nearly silent as they move into a state of rest (Norris & Dohl, 1980). This shows that dolphins 

use their existing acoustic signals to coordinate themselves before they move into a state of rest.
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Echolocation as aforementioned is important for foraging and social coordination. However, the 

use of echolocation during the resting behavior of the Moon Reef spinner dolphins is not well 

understood and this warrants further studies in future to better understand their echolocation 

behavior during the day. Future studies could look into the effects of boat presence on the 

echolocation click rates spinner dolphins during the day, and further investigate if group 

dispersion and group size also has an impact on the echolocation activity of the Moon Reef 

spinner dolphins.

4.8 Conclusion

In investigating the echolocation click patterns of the Moon Reef spinner dolphins. This study 

has been able to highlight that echolocation may be used for group coordination and 

communication when resting inside the reef during the day. Echolocation clicks were detected at 

all times but there seem to be no change across the day and throughout the sampling times even 

when whistles were observed to fluctuate. However, there was an increase in variability observed 

in the early afternoon hours. Future studies should also investigate the variability in echolocation 

click rates of the Moon Reef spinner dolphins across the day and through different seasons to 

further identify the echolocation functions during periods of rest.
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CHAPTER 5: CONCLUSION

5.1 Key Findings and Future Research

5.1.2 Chapter 2
There is substantial evidence in this study to conclude that Moon Reef serves as a critical resting 

site for the resident pod of spinner dolphins visiting the reef daily. The regular presence of 

dolphins returning to the reef daily to engage in resting and social interactions also signifies the 

importance of the reef complex to the species. This study has only begun to describe the whistle 

repertoire of the Moon Reef spinner dolphins by studying different components of a single 

spinner dolphin whistle contour and how much each component contributes to the variation in 

their whistle characteristics.

A range of time and frequency parameters was extracted from each of the six Moon Reef spinner 

dolphin whistle types and the low frequency parameter was found to have contributed the highest 

to the variation in whistle characteristics. Previous studies have also tried extracting a range of 

time and frequency parameters from spinner dolphin whistle contours using a similar approach

however results showed other whistle parameter (e.g. duration, begin frequency, center 

frequency) highly contributing to the variation in their whistle characteristics. This clearly 

indicates that the whistle characteristics of spinner dolphins seem to vary with different studies. 

However, the reason for the differences is unclear and the complexity in their whistle repertoire 

makes understanding their ecological functions even more difficult. If acoustic studies are

conducted at Moon Reef in the future, I suggest that there be a standardized methodology on the 

visual classification of whistle contour into their respective categories and a consistent range of 

whistle parameters being selected for the analyses to observer bias to a great extent and so that 

the functions of whistle repertoires can clearly be identified. 

Future research at Moon Reef could look into assessing the relationship between whistle density 

and group size as well as developing a more reliable method of estimating group sizes based on 

acoustic data. Future studies could also look into developing automated methods of measuring 
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and whistle contours to determine the geographic variation, intra-specific variability and social 

function of spinner dolphin whistle repertoire in the Fiji waters. 

5.1.3 Chapter 3 
In assessing the diurnal communication patterns of the Moon Reef spinner dolphins, it was 

observed that the dolphins were communicating more during their resting periods clearly 

indicating that their resting times could possibly be disrupted by boat traffic from the nearby eco 

lodge. On average the whistle rates was observed to be relatively high as the dolphins entered the 

reef in the early morning hours. At around 1000 h the whistle rates decreased to almost silent, 

slightly picking up in the midmorning hours and later increasing in the late afternoon hours. The 

dolphins were barely silent in the morning to mid-morning hours (proposed resting hours) 

signifying that other factors like , group size, weather conditions, sex of the species and close 

range interactions could also be altering their resting times during the day.

This study also found that both hours of day and fieldwork times had significant impacts on the 

rate of whistles produced; also highlighting that despite monitoring the same population at the 

same location, the whistle characteristics of the Moon Reef dolphins seems to vary overtime. 

Although there may be some uncertainties in directly linking the increase in boat traffic at Moon 

Reef to the changes in whistle rates, it is likely that the frequent boat disturbance is 

synergistically involved in causing the variation in the whistle characteristics of this population.

Future research is needed to assess the level of impact boat traffic has on this population to 

define specific time in which the reef should be avoided. It is also suggested that further research 

be carried out to monitor the fluctuation in acoustic production rates throughout the survey times 

to identify certain factors that may be influencing the variation in spinner dolphins whistle rates 

with time of day.

5.1.4 Chapter 4
In assessing the echolocation activity of spinner dolphins at Moon Reef, it is suggested that 

clicks are mainly used by this dolphin as a form communication and group coordination. Results 
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indicated that the dolphins were emitting clicks at all times but there was no change in the click 

pattern across the day and during the sampling times. The click rates remained constant even 

when whistles were fluctuating throughout the day. An increase in variability was also observed 

in the early afternoon hours therefore more studies are needed to monitor the reason for the 

variability. Future studies could also investigate the impact of boat presence on their 

echolocation activity and the reason they tend to echolocate during their resting times.

5.2 Threats from Tour Vessels
Researchers have studied the effects of humans disturbance on dolphin populations and found 

that their resting times are mostly disrupted by boat traffic and approaching swimmers (Wursing, 

1996, Driscoll-Lind & Ostmand-Lind, 1999). The predictable presence of dolphins at inshore 

shallow sandy habitats often attract tourists to these destinations (Notarbartolo-di-Sciara et al.,

2009). However, these tour vessels tend to injure or disrupt the resting times of cetaceans that 

inhabit these coastal waters (Nowacek et al., 2001). Studies conducted in New Zealand 

(Constantine et al., 2004, Lusseau, 2006), Brazil (Tosi & Ferreira, 2009), East Africa (Stensland 

& Berggren, 2007) and the United States(Nowacek et al., 2001) have all founds tour boats as 

one of the main factors altering the acoustics and behavioral patterns of dolphins. These studies 

have monitored the daily interaction between tour vessel and bottle nose dolphins and most have

documented negative impacts on the dolphins. Constantine et al. (2004) observed that their 

resting behavior decreased with increased boat traffic and because resting is a huge component 

that makes up the ecology of spinner dolphins, increased boat traffic could also highly impact 

their populations. Courbis& Timmel (2009) investigated the effect of tour boat and swimmers on 

the behavioral patterns of spinner dolphins during their resting times and found that both boat 

presence and tourism activities may affect the fitness and energy levels of spinner dolphins.

Buckstaff (2004) monitored the effect of boat noise on the acoustic behavior of bottlenose 

dolphins and observed that their whistle rates increased as the boat approached. The length and 

frequencies of the whistles increased with increasing boat noise (Buckstaff, 2004). Delfour 

(2007) also reported that dolphins tend to change directions and increase their aerial behavior 

when encountering swimmers. Yet, Delfour (2007) still could not draw any definite conclusions 

regarding the impacts of both tour vessels and swimmers on spinner dolphin populations. 
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However, Courbis& Timmel (2009) suggested that future studies be conducted to assess the long 

term impact of human disturbance on spinner dolphin populations around the globe. 

 

5.3 Management at Moon Reef
Moon Reef was declared a Marine Protected Area designated under the Fiji Locally Managed 

Marine Area Network (FLMMA) in the year 2011. Although the reef has been declared a MPA, 

low level tourism still exists in the area and boat trips to the reef occur daily. With the potential 

for tourism growth in the area, there is a growing concern that the increased traffic in future may 

have a huge impact on the Moon Reef spinner dolphins; altering their behavioral and acoustic 

communication patterns. To lessen the impact of human disturbances on this population in the 

near future, further research is needed to assess the impacts of boat traffic on their acoustic 

communication and behavioral patterns. For management purposes, it is recommended that boats 

reduce the number of times they enter Moon Reef especially during the early morning hours 

when dolphins are resting. During the daily visits to Moon Reef, the local guides should strictly 

enforce the existing guidelines moored at the reef during the briefings so that the visitors are 

aware of the management guidelines set in place. Boat trips to the reef from the nearby eco lodge 

should be scheduled to the afternoon hours when dolphins are more active. More education 

awareness on marine mammal protection should be implemented in the nearby schools and 

villages within the district of Dawasamu to educate the local people on how to conserve their 

marine environment and surrounding ecosystems. 

5.4 Research Implications

The data gathered from this research will be used to develop and progress the evaluation of the 

long term ridge to reef district wide management plan and aid in the collection of scientific 

baseline data regarding the acoustic communication patterns for the resident pod of dolphins that 

visit Moon Reef daily. Information from this research will also assist in working towards a 

sustainable operation that not only provides income to the local community but also work 

towards ensuring that there are no negative impacts or conservation concerns for this population.

Overall, findings from this study will directly contribute to ongoing spinner dolphin research in 

the Fiji Islands and will be used to facilitate further understanding on the protection and 

conservation of dolphins of the Pacific.
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7.0 APPENDIX
 

 

 

Figure 10 Scree Plot of upsweep whistle with eigenvalues for each of the five components.

 

Figure 11 Dot plot of upsweep whistle for Principal Component 1 for each of the five variables.
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Figure 12 Dot plot for upsweep whistle for Principle Component 2 for each of the five variables.

 

Figure 13 Correlation of downsweep whistle for the five variables measured.
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Table 15 Results of the principal components analysis for the downsweep whistle. For all whistle types 
almost 90% of variation was explained by the first three principal components.

Down sweep Principal Component 
1

Principal Component 
2

Principal Component 
3

Duration -0.374 -0.372 0.848

Center Frequency 0.494 -0.399 0.004

Low Frequency 0.515 0.100 0.267

Delta Frequency -0.391 -0.631 -0.458

Peak Frequency 0.444 -0.542 -0.003

SD 1.799 0.923 0.772

Proportion of Variance 
%

64.7 17.0 11.9

Cumulative Proportion 
%

64.7 81.8 93.7

 

 

Figure 14 Scree Plot of downsweep whistle with eigenvalues for each of the five components.
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Figure 15 Dot plot of downsweep whistle for Principal Component 1 for each of the five variables.

 

Figure 16 Dot plot of downsweep whistle for Principal Component 2 for each of the five variables.
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Figure 17 Correlation of concave whistle for the five variables measured.

 

Table 16 Results of the principal components analysis for the concave whistle. For all whistle types 
almost 90% of variation was explained by the first three principal components.

Concave Principal Component 
1

Principal Component 
2

Principal Component 
3

Duration 0.339 -0.781 0.510

Center Frequency -0.463 -0.387 -0.191

Low Frequency -0.503 -0.008 0.430

Delta Frequency 0.476 -0.224 -0.536

Peak Frequency -0.436 -0.434 -0.479

SD 1.856 0.888 0.674

Proportion of Variance 
%

68.8 15.7 9.08

Cumulative Proportion  
%

68.8 84.6 93.7
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Figure 18 Scree Plot of concave whistle with eigenvalues for each of the five components.

 

Figure 19 Dot plot of concave whistle for Principal Component 1 for each of the five variables.
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Figure 20 Dot plot of concave whistle for Principal Component 2 for each of the five variables.

 

 

Figure 21 Correlation of convex whistle for the five variables measured.
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Table 17 Results of the principal components analysis for the convex whistle. For all whistle types almost 
90% of variation was explained by the first three principal components.

Convex Principal Component 
1

Principal Component
2

Principal Component 
3

Duration 0.204 -0.905 -0.367

Center Frequency -0.499 -0.259 0.327

Low Frequency -0.538 0.056 -0.297

Delta Frequency 0.462 -0.118 0.653

Peak Frequency -0.452 -0.310 0.494

SD 1.684 0.979 0.838

Proportion of Variance 
%

56.7 19.1 14.05

Cumulative Proportion  
%

56.7 75.8 89.9

 

 

 

Figure 22 Scree Plot of convex whistle with eigenvalues for each of the five components.
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Figure 23 Dot plot of convex whistle for Principal Component 1 for each of the five variables.

 

Figure 24 Dot plot of convex whistle for Principal Component 1 for each of the five variables.
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Figure 25 Correlation of sine whistle for the five variables measured.

 

Table 18 Results of the principal components analysis for the sine whistle. For all whistle types almost 
90% of variation was explained by the first three principal components.

Sine Principal Component 
1

Principal Component 
2

Principal Component 
3

Duration -0.230 -0.829 0.507

Center Frequency 0.501 -0.307 -0.256

Low Frequency 0.534 0.024 0.350

Delta Frequency -0.460 -0.264 -0.577

Peak Frequency 0.444 -0.386 -0.467

SD 1.722 0.975 0.857

Proportion of Variance 
%

59.3 19.01 14.6

Cumulative Proportion  
%

59.3 78.3 93.02
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Figure 26 Scree Plot of sine whistle with eigenvalues for each of the five components.

 

Figure 27 Dot plot of sine whistle for Principal Component 1 for each of the five variables.
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Figure 28 Dot plot of sine whistle for Principal Component 2 for each of the five variables.

 

Figure 29 Correlation of constant whistle for the five variables measured.
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Table 19 Results of the principal components analysis for the constant whistle. For all whistle types 
almost 90% of variation was explained by the first three principal components.

Constant Principal Component 
1

Principal Component 
2 

Principal Component 
3 

Duration -0.167 -0.773 -0.611

Center Frequency 0.512 -0.361 0.287

Low Frequency 0.572 0.009 -0.119

Delta Frequency -0.345 -0.474 0.716

Peak Frequency 0.514 -0.219 0.129

SD 1.679 1.009 0.915

Proportion of Variance 
%

56.3 20.3 16.7

Cumulative Proportion 
%

56.3 76.7 93.4

 

 

Figure 30 Scree Plot of constant whistle with eigenvalues for each of the five components.
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Figure 31 Dot plot of constant whistle for Principal Component 1 for each of the five variables.

 

Figure 32 Dot plot of constant whistle for Principal Component 2 for each of the five variables. 
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Figure 33 Upsweep whistles versus time of day. Regression line of best fit to the spread of data is 3rd 
order polynomial, with an R2 value of 0.4998.

 

 

Figure 34 Concave whistles versus time of day. Regression line of best fit to the spread of data is 3rd 
order polynomial, with an R2 value of 0.182.
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Figure 35 Convex whistles versus time of day. Regression line of best fit to the spread of data is 3rd 
order polynomial, with an R2 value of 0.011.

 

Figure 36 Sine whistles versus time of day. Regression line of best fit to the spread of data is 3rd order 
polynomial, with an R2 value of 0.143.
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