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ABSTRACT

This study reviewed the habitat use. social organisation and behaviour ot common
dolphin groups categorised by their youngest member, as well as the behaviour of

common doiphin calves of ditfcrent age classes.

Most newborn calves were sighted over late spring and early summer. and in water
temperatures warmer than for other groups. The water depths at which common dolphin
groups were found did not vary according to the age class of their youngest member.
However, only groups containing newborns or infants were sighted under 20 metres of
water depth. A high percentage of groups encountered contained calves (82.5%).

suggesting the importance of the Hauraki Gulf for common dolphins® reproduction.

Groups of comimon dolphins containing calves were found to be of larger size than any
other group type. All groups proved to be similarly involved in different behavioural
states and showed comparable patterns of association with other specics. although
groups including newborns were significantly icss likely to he seen assoctated with
whales and birds. Groups of common dolphins as a whole did not show a differential
reaction to the boat according to the age class of their youngest member. However,
mothers and their young calves kept greater distances to the boat than mothers and older
calves did. suggesting that the boat may be perceived as a threat during the newborn

period.

Most of the behaviours that characterise mother-calf relationships varied according to
caif age class. The occurrence, frequency. duration and distance of separations
increased with older aged calves. A similar increase was found in the time spent without
the mother, in the occurrence of association with non-mother dolphins. in the time spent
in “echelon position’. and in hoth mothers™ and calves™ dive time. Mothers also had
tonger dive times than calves. Older aged calves tend to prescnt the lowest proportion of
synchronous breaths. These changes arce likely to represent a gradual increase in calves’

independence.

I



Results from this study have extended our knowledge of common dolphins
reproductive ecology. demonstrated that studies of mother-calf relationships in pelagic
species of dolphins can be achieved, and allowed future research needs 10 be identified

and management recommendations to be made.
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EXPLANATION OF TERMS

Calf age classes

Common dolphin calves were categorised according to their size relative to that of their
mothers.

Infant: individual around half the size of the mother.

Juvenile: individual around two-thirds the size of the mother.

Newborn: individual noticeably less than half the size of the mother.

Group and individual identification

Adult: all individuals that are neither newborns, nor infants or juveniles.

Calf: general term designating non-adult dolphins and including newborns, infants and
juveniles.

Group: dolphins observed in close proximity, within 200 metres of each other, and in
apparent association, moving in the same direction or engaged in the same behaviour.

Mother: adult individual consistently associated with a smaller animal.

Group type

Each group of common dolphins was categorised according to the age class of its
youngest member.

Group type 1: the youngest member of the group was a newborn calf.

Group type 2: the youngest member of the group was an infant.

Group type 3: the youngest member of the group was a juvenile.

Group type 4: group composed only of adults.

Activity state (definitions derived from Shane er al., 1986; and Shane, 1990a)

Feeding: dolphins are involved in an effort to capture and consume prey. They are
observed herding and chasing fish.

Milling: dolphins remain within a given area, not moving in any definite direction, and
continuously changing their heading.

Resting: dolphins are grouped in a tight formation and are moving slowly at the surface
in a co-ordinated manner, and in one particular direction.

Socialising: dolphins are essentially involved in social behaviours, such as mating,

rubbing and playing. Much physical interaction and surface displays can be observed.

XVII



Travelling: dolphins are all moving at a sustained speed in a persistent direction.

Mother-calf relationships

Allomaternal behaviour: association of a calf with a non-mother dolphin.

Calf solitary surfacing: calf breaks the surface of the water for a breath on its own.
Echelon position: calf is swimming alongside its mother, paralleling her course less
than 30cm from her side.

Infant position: calf is swimming underneath its mother.

Nursing position: the calf’s rostrum is in contact with the mother’s mammary slit area
for over two seconds.

Overlapping surfacing: mother and calf break the surface of the water one
immediately after the other, resulting in a breathing overlap.

Separation: observable increase (>1 metre) in the distance between a calf and its
mother.

Synchronous surfacing: mother and calf break the surface of the water in perfect

unison.

Reaction to the boat

Attraction: the dolphins are coming towards the boat, swimming at the bow for
extended periods of time and staying around the boat even if stopped.

Avoidance: dolphins are continuously changing their heading away from the boat.
Neutral: no observable reaction or change in the behaviour of the dolphins can be

noticed, they are not attracted to the boat and neither avoiding it.

Mating behaviours

Mating behaviours with genital contact: genital-to-genital presentation, beak-to-
genital contact.
Mating behaviours without genital contact: non-genital contact including rubbing,

chase, leap, head slap.

Oceanographic seasons

Summer: January to March.
Autumn: April to June.

Winter: July to September.

XVIII



Spring: October to December.
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Chapter 1: INTRODUCTION

Common dolphins (Delphinus delphis) represent one of the most abundant and most
widely distributed species of cetaceans (Evans, 1987). They can be found in all oceans
and all seas of the world, and their abundance has been estimated to a few million
(Gaskin, 1992). Paradoxically, common dolphins also represent one of the least studied
species to date, and our knowledge on many aspects of their life history and behaviours

appears to be rather limited.

For many years, post-mortem data from stranding events and fisheries by-catch have
represented the only source of information available on common dolphins. Scientific
investigations of wild populations of common dolphins have indeed been restricted by
several of the factors that characterise the species. Common dolphins usually inhabit
deep offshore waters that can prove difficult to access on a regular basis for researchers
(Evans, 1987). Therefore, many of the observations made on wild common dolphins
have remained of anecdotic status. Common dolphins are also mostly found in relatively
large and fast moving groups (Dawson, 1985; Evans, 1994), limiting the range of data
that can be collected, as well as the possibility of studying individual animals. As a
result, most of the information found in the literature regarding common dolphins
relates to their anatomy, genetics, and biology, and many of the questions regarding
social organisation that have been answered for other cetacean species have not yet been

addressed for common dolphins.

In order to enhance our knowledge of common dolphins, a few recent studies have
focused on documenting the behaviour and ecology of the species. The identification of
common dolphin populations located closer to shore, and the use of consistent surveys,
have enabled these studies to gather relevant information on the distribution and
abundance of the species in different locations (Bearzi et al., 2003; Neumann, 2001;
Cafiadas et al., 2002; Dohl ef al., 1986; Goold, 1998; Selzer and Payne, 1988), as well
as on seasonal movements (Dohl et al., 1986; Forney and Barlow, 1998; Yukhov ef al.,
1986; Bearzi et al., 2003; Wiirsig et al., 1997; Neumann, 2001; Goold, 1998; Selzer and
Payne, 1988), and feeding strategies and activity budgets (Neumann, 2001). Some

insights into common dolphins’ social organisation were also provided by the study



conducted by Neumann (2001). Although these findings provide basic data on common
dolphins and constitute the foundation for further research to take place, several other
aspects of common dolphins’ behaviour need to be investigated in order to reach a
better understanding of the population dynamics of the species. The main goal of this
study is to redress the lack of information in certain areas of our knowledge of common
dolphins, and more specifically to contribute to an increased understanding of their

reproductive ecology.

The importance of studying the reproductive patterns of a species in order to
comprehend its social organisation has been emphasised by several authors (Townsend.
1935; Sverdrup ef al., 1942; Whitehead and Mann, 2000; Thayer ef al., 2003). In fact,
reproduction is one of the main drivers of animals’ social behaviour, and as such, it has
been identified as being the source of most of the behavioural biology that characterise a
species (Townsend, 1935: Sverdrup ef al., 1942). In cetaceans, only females actively
parent and therefore, their role as a mother represents a fundamental element of any
whale or dolphin population and is likely to influence its social structure (Whitehead
and Mann, 2000). For these reasons, investigating the reproductive strategies used by
female cetaceans appears to be of primary importance in order to appreciate the

dynamics of a population (Whitehead and Mann, 2000; Thayer et al., 2003).

The only delphinid species for which female reproductive strategies and mother-calf
relationships have been extensively studied is the bottlenose dolphin (Zursiops
truncatus) (Evans, 1987; Whitehead and Mann, 2000). These studies have emphasised
the conditions favoured by females in the production and care of their young, and this
has lead to an enhanced understanding of the behavioural ecology of the species (Mann
and Smuts, 1998, 1999; Mann et al., 2000). In the field of reproductive ecology,
breeding seasonality represents the only variable ever investigated for common
dolphins. However, many studies have relied on the analysis of postmortem specimens,
which may not always provide reliable conclusions (Fernandez and Hohn, 1998).
Observations of wild populations have lead to some interesting results, but the

significance of breeding seasonality for the species has never been discussed.

In an attempt to obtain an insight into female reproductive strategies and mother-calf

relationships in common dolphins, a 14-month study was conducted in the Hauraki



Gulf, New Zealand. The waters of the Hauraki Gulf provide a great opportunity to
further our knowledge of common dolphins. Compared to other locations worldwide,
common dolphins can be found in relatively shallow waters and in smaller groups
(O’Callaghan and Baker, 2002), allowing observations to take place on a daily basis and
providing suitable conditions to monitor their behaviour. Common dolphins are also
found year-round in the Hauraki Gulf, which enables the investigation of temporal
patterns such as breeding seasonality. The objectives for this study are represented by

the following general research questions:

1) Do the common dolphins in the Hauraki Gulf display reproductive seasonality?

2) What are the specific characteristics of common dolphin groups containing calves?

3) What is the role of the Hauraki Gulf for female common dolphins?

4) What are the behavioural patterns that describe the relationships between calves of

different age and their mothers?

Answering these questions will have different beneficial outcomes. Firstly, it will
enable us to increase our knowledge of common dolphins in a field never investigated
before for the species. Secondly, due to the important role of mother-calf relationships
within cetacean populations, a better understanding of females’ reproductive strategies
will lead to a better appreciation of the potential effects of different growing threats on
the dolphins. Thirdly, the results of this study will provide baseline data on different
characteristics of common dolphin groups, as well as on mother-calf relationships. The
importance of baseline observations has been emphasised by different authors,
especially in investigating the impact of tourism on the dolphins (Bejder and Dawson,
1999; Constantine, 1999), as they enable the identification of subsequent changes in the
behaviour of the animals, and allow researchers to consider them relative to changes in

their environment.

The content of this thesis is set as follows (Figure 1):

Chapter 2 presents a review of the current literature available on common dolphins, as
well as on mother-calf relationships in other delphinid species. Based on this
knowledge, specific hypotheses are developed in order to investigate the general
research questions outlined above. The methods used to collect data during field

observations are described in chapter 3. In chapter 4, the results of the statistical



analysis conducted on the empirical data are presented for each of the hypotheses
investigated in this study. In chapter 5, results on common dolphins’ breeding
seasonality, on the characteristics of common dolphin groups containing calves, and on
common dolphin calves’ development are discussed in light of other studies conducted
on similar topics. The significance of each of these results is also reviewed. Finally,
chapter 6 summarises the main findings of this study, outlines their implications for the
common dolphins of the Hauraki Gulf, and includes suggestions for future research and

recommendations for the conservation of the species.



Introduction

Litterature

1) Introduction

2) Species biology

3) Reproduction

4) Conclusion and
hypotheses

1) Introduction

2) Location of study

3) Research vessel

4) Data collection

5) Observational methods

6) Data analysis

1) Introduction

2) Field effort

3) Group composition

4) Influence of

environmental variables on

group type

5) Influence of group size

on grou e

6) Influence of group
type on behaviour

7) Mating season

8) Behavioural
development of calves

9) Escorting behaviour

10) Grouping patterns

11) Other calf

characteristics

12) Summary

1) Introduction

2) Environmental

3) Social organisation and

influences behaviour
4) Calf development 5) Research platform 6) Summary

Conclusion

Figurel. Thesis structure diagram

1) Summary 2) Limitations and 3) Future research
significance
4) Management 5) Conclusion
recommendations




Chapter 2: LITERATURE REVIEW

1) Introduction

The purpose of this chapter is to review the current state of knowledge on the biology
and reproduction of common dolphins. The different topics addressed are summarised
in figure 2. The first part concentrates on a general presentation of the species; and
topics related to its taxonomic status, biology, distribution and abundance, and ecology
are discussed. Description of common dolphins’ habitat, social organisation, feeding
strategies, vocalisation, and conservation are included within the ecology subsection.
This review provides insights into common dolphins’ society, which are necessary in

order to understand their reproductive patterns.

Life history parameters related to reproduction, along with the reproductive ecology of
common dolphins are presented in the second part of this chapter. The areas of common
dolphins’ reproduction still to be investigated are identified in this section. Firstly, the
reproductive biology of common dolphins is described, using published data on the
gestation period, pregnancy rate, interbirth interval, parturition process, physical
characteristics of calves and their growth, lactation and weaning, and sexual maturity.
Secondly, the behavioural aspects of reproduction are reviewed, providing information
on mating and calving, as well as on calf behavioural development, mother-calf
relationships and allomaternal behaviour. When specific data on common dolphins is

lacking, relevant information available for other cetacean species is presented.

Finally, in the last section of this chapter, the status of knowledge on common dolphins’
reproduction is summarised. Emphasis is made on those areas where little or no
empirical data are available, and leads to the presentation of hypotheses designed to
address some of these deficiencies, thus providing the rationale for the study reported in

subsequent chapters.
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2) Species biology

2.1. Taxonomy

Since the description of the genus Delphinus delphis by Linnaeus in 1758, the
taxonomy of the common dolphin species has been a well-discussed topic within the
scientific community, and at least 24 nominal species have been proposed (Hershkovitz,
1966; Hall, 1981: Gaskin, 1992; Perryman and Lynn, 1993; Heyning and Perrin, 1994;
Carwardine, 1995). Until recently, most authorities agreed on the existence of one
species worldwide: Delphinus delphis, while the differentiation into subspecies
remained a matter of opinion. The several differences between the short-beaked
common dolphin. Delphinus delphis, and the long-beaked common dolphin, Delphinus
capensis, were acknowledged by most authors; but while some claimed that these
differences resulted from two distinct evolutionary lines (Dall, 1873; Banks and
Brownell, 1969), others believed that the two morphotypes represented the extremes of
a single species that do not interbreed (Hershkovitz. 1966; Van Bree and Purves, 1972;
Mitchell, 1975).

The analysis of 320 specimens of common dolphins from the Northeast Pacific Ocean
by Heyning and Perrin (1994) based on colour pattern, body length and cranial
morphology, strongly suggested that the short-beaked and long-beaked forms should be
considered as two different species, at least for that particular stock. They also provided
strong evidence against the hypothesis of a continuum between these two forms
(Heyning and Perrin, 1994). Their work was further confirmed through genetic studies
by Rosel et al. (1994), who proved that the two Northeast Pacific populations do not
share any mitochondrial DNA haplotypes, and therefore are reproductively isolated

from one another.

The status of three other potential subspecies has remained controversial throughout the
years and is still being investigated today: Delphinus bairdii Dall. a neretic form which
has a range limited to Baja California in the Northeast Pacific Ocean (Banks and
Brownell, 1969), Delphinus tropicalis, a very long-beaked form in the Northern Indian
Ocean (Van Bree, 1971; Honacki er al., 1982; Rice, 1998: Jefferson and Van



Waerebeek, 2002), and Delphinus delphis ponticus Barabash, an endemic subspecies in
the Black Sea (Barabash, 1935; Tomilin, 1957; Heptner ef al., 1996).

The species of common dolphins inhabiting New Zealand waters has not been
genetically investigated, thus limiting knowledge of its taxonomic status to
assumptions. Based on anatomical observations, it has been suggested that the common
dolphins found around the coast of both the North and the South Islands, including the
Hauraki Gulf, correspond to the short-beaked form (Gaskin, 1972). Even though no
definite conclusion can be drawn until further research is completed, it is assumed that
the short-beaked common dolphin, Delphinus delphis, was investigated in the present

research project and will therefore be referred to as such throughout the study.

2.2. Biology

Upon sighting of a common dolphin, one of the most striking external features is its
colouration (Plate 1). Its criss-cross colour pattern has been described as one of the most
complex of any cetacean (Mitchell, 1970), and it constitutes a prime criterion to visually
distinguish common dolphins from any other delphinid species (Evans, 1994). The
interaction of the dorsal overlay and cape forms the common dolphin four-part
hourglass colour pattern of dark grey to black dorsally, buff to pale yellow anterior
thoracic patch, light to medium grey on the flank, and a white abdominal field
(Mitchell, 1970; Nishiwaki, 1972; Perrin, 2002). This unique colouration has evoked
alternative names for common dolphins around the world; such as whitebelly dolphin in
the Eastern Tropical Pacific, or saddleback dolphin on the Atlantic coast (Evans, 1994).
Although a general pattern of external appearance can be described, common dolphin
colouration is probably the most variable and unstable characteristic of the species
(Evans, 1994). Such variation, not only between but also within each subspecies
(Heyning and Perrin, 1994; Carwardine, 1995), excluded its use as a taxonomic

criterion (True, 1889).

Evans (1994) claimed that sexual dimorphism can be observed in the colouration near
the genital area, with male common dolphins presenting a black blaze just above the
genital region, while females have a narrow band of black with grey countershading in

the same area. However, this pattern varies between and within stocks (Evans, 1994).



Courtesy of Dirk Neumann

Plate 1. Common dolphins are characterised by a unique colour pattern.
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While working with short-beaked common dolphins in the Northwestern Bay of Plenty,
New Zealand, Neumann (2001) did not manage to distinguish males and females on this
criterion, as the genital blaze was only apparent on a small number of individuals.
However, he proved that common dolphins are sexually dimorphic in the morphology
of their peduncle, with only sexually mature males presenting a postanal hump
(Neumann, 2001). At sea, differential identification of male and female common
dolphins can prove difficult as sexual differences, such as size and colouration, are
subtle and hard to distinguish (Carwardine, 1995). In some cases, the sex of the animals
can be inferred from behavioural clues. In fact, as male dolphins do not tend to provide
parental care to their young (Caldwell and Caldwell, 1972; Wells et al., 1987;
Whitehead and Mann, 2000), those individuals consistently accompanied by a calf can

be sexed as females with reasonable certainty (Wells et al., 1987).

Other external anatomical characteristics of short-beaked common dolphins include a
prominent beak demarcated from the melon, an erected recurved dorsal fin, and pointed
pectoral fins (Nishiwaki, 1972; Gaskin, 1992; Evans. 1994). The pectoral and dorsal
fins of adult individuals usually present light grey to white patches with diffused edges
(Heyning and Perrin, 1994). Dorsal fin colouration, along with its shape, has been
successfully used for photo-identification of common dolphins in previous studies
(Neumann, 2001; Neumann et al., 2002). The dorsal fin also tends to be sexually

dimorphic, being larger in adult males than females (Heyning and Perrin, 1994).

If we only consider Delphinus delphis, the mean adult body length usually ranges
between 1.80m and 2.30m (Gaskin, 1992; Evans, 1994), but larger individuals of length
up to 2.6m (Katona ef al., 1993; Evans, 1994), as well as smaller specimens (Heyning
and Perrin, 1994; Perrin, 2002; Silva and Sequeira, 2003) have been recorded. Mean
adult weight ranges from 80kg to 136kg (Evans, 1994). Male common dolphins are on
average 5% larger than females, but it should be noted that these measures also vary
geographically (Nishiwaki, 1972; Evans, 1994; Heyning and Perrin, 1994; Silva and
Sequeira, 2003).

Until today, the life span of common dolphins has only been estimated. Data from the
Black Sea suggest that males can live up to 22 years and females up to 20 years

(Klinowska, 1991).
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2.3. Distribution and abundance

Delphinus delphis represents the most abundant and the most widely distributed dolphin
species throughout the world’s oceans (Dohl er al., 1986; Evans, 1994; Perrin, 2002),
hence its name: the common dolphin. It is recognised that despite its vast range, its
population is organised in a series of geographically distinct subpopulations (Gaskin,
1992; Carwardine. 1995; Heyning and Perrin, 1994; Perrin and Brownell, 1994;
Jefferson and Van Waerebeek, 2002), which probably have a relatively low rate of

genetic interchange (Gaskin, 1992; Natoli ef al., in press).

Short-beaked common dolphins are generally found in the Northwest Atlantic from
Newfoundland to Florida; in the Northeast Atlantic from the North Sea to Gabon,
including closed seas such as the Mediterranean, the Red Sea and the Black Sea: in the
Southwest Pacific around New Caledonia, New Zealand and Tasmania; in the
Northwest Pacific from Honshu to Taiwan; and in the Northeast Pacific from Northern
California to Central Chile (Evans, 1994; Heyning and Perrin, 1994) (Figure 3).
Although this represents the general distribution of common dolphins around the world.
there have been sightings both North and South of these points (for example, in
Northern British Columbia, Western Canada: Leatherwood ef al., 1982; Evans, 1994;
and in Norway: Haug er al., 1981).

Short-beaked common dolphins are found around most coasts of New Zealand but their
exact distribution varies seasonally (Gaskin, 1968; Briger and Schneider, 1998). Their
distribution has been described as meso-pelagic and it was suggested that their
occurrence southward is more restricted in winter than in summer (Gaskin, 1972). Most
sightings occur off the East coast of both the North and the South Islands, especially in
the Eastern Cook Strait, in the Hauraki Gulf, around Eastern Northland (Gaskin, 1972),
and in the Bay of Plenty (Neumann, 2001) (Figure 4). Common dolphins are seen less
often on the West Coast, and sightings have been reported predominantly during the

summer season (Gaskin, 1972; Briger and Schneider, 1998).

Although no exact number appears to be available, most authors believe that the
worldwide abundance of short-beaked common dolphins reaches a few million, which

makes them by far the most abundant dolphin species (Gaskin, 1992). Nonetheless,
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Figure 3. Distribution of common dolphins worldwide. The grey areas represent the known range of the species.
(Source: Heyning and Perrin, 1994)
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Figure 4. Summer distribution of common dolphins around New Zealand. The
legend refers to the number of dolphins sighted.
(Source: Gaskin, 1968)
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there have been a number of population abundance investigations for specific areas and
an estimate of 3,112,300 was made for the entire Tropical Eastern Pacific (Holt and
Sexton, 1990), and a conservative estimate of more than 30,000 common dolphins are
believed to inhabit the North Atlantic (Nishiwaki, 1972; Winn, 1982). For the Black
Sea, two different surveys have been conducted: aerial surveys yielded an estimate of
50,000 common dolphins (Yukhov et al., 1986), while ship-based line-transects
estimated a total of 96,000 animals (Sokolov ef al., 1997). In New Zealand waters, it is
reported that common dolphins are the most abundant cetacean; however no estimate of
population size has been made (Dawson, 1985). Until recent years, the worldwide
population of common dolphins was believed to be relatively stable, but declines have
been identified both in the Mediterranecan and in the Black Sea (Viale, 1994:
Carwardine, 1995; Gannier, 1995; Stanev, 1996). Common dolphins used to be
abundant in many parts of the Mediterranean; areas from where they are now absent or
extremely rare (Bearzi ef al., 2003). Bearzi and colleagues (2003) propose that this
decline could be the result of different factors including pollution, overfishing of food

resources, indirect catches and unregulated direct exploitation.

2.4. Ecology of common dolphins

- Habitat

Dolphin species have been classified into two generic categories according to their
habitat: pelagic species, which inhabit offshore oceanic waters, and coastal species,
found inshore and along shorelines (Wells er al., 1980; Evans, 1987). Delphinus delphis
is recognised as a pelagic dolphin, primarily distributed along the edge of the
continental shelf and only venturing occasionally into shallow inshore waters (Selzer
and Payne, 1988; Gaskin, 1992; Evans, 1994). Common dolphins have been recorded in
depths between 26 and 5121m (Winn, 1982), but are more often found between 100 and
1000m depth contours (Selzner and Payne, 1988; Cafiadas er al.. 2002). Although
common dolphins appear to be resident in some part of their range (Carwardine, 1995;
Politi, 1998), seasonal movements have been reported for many populations (Southern
California: Dohl et al., 1986; Northeastern Pacific: Forney and Barlow, 1998; Black
Sea: Yukhov ef al., 1986; Mediterranean: Bearzi et al., 2003; New Zealand: Wiirsig ef
al., 1997, Neumann, 2001; Northeast Atlantic: Goold, 1998: North West Atlantic:
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Selzer and Payne, 1988). These movements, as well as common dolphins’ distribution,
are influenced by a great number of variables including: sea surface temperature
(Gaskin, 1968: Banks and Brownell, 1969; Selzer and Payne, 1988; Goold, 1998;
Neumann, 2001), salinity (Selzer and Payne, 1988), prey availability (Evans, 1980;
Haug et al., 1985; Cockcroft and Peddemors, 1990; Evans, 1994; Young and Cockcroft,
1994), thermocline (Reilly, 1990), oxygen minimum layer (Polachek, 1987), and sea
floor profile (Hui, 1979a, 1985; Dohl et al., 1986; Selzer and Payne, 1988; Gaskin,
1992).

Common dolphins favour tropical, subtropical and warm temperate waters (Selzer and
Payne, 1988; Gaskin, 1992; Evans, 1994; Goold, 1998). In their study, Selzer and Payne
(1988) recorded common dolphins in waters ranging from five to 22.5°C with a mean of
11°C. Winn (1982) found similar results with temperatures comprised between one and
24°C, and 90% of the sightings being between seven and 22.4°C. On the East Coast of
New Zealand, Delphinus delphis are associated with a minimum sea surface
temperature of about 14°C (Gaskin, 1968; Webb, 1973a, 1973b; Briager and Schneider,
1998). Many authors recognise that the influence of sea temperature on the dolphins
might only be secondary. The distribution of common dolphins is more likely to reflect
that of their favoured prey species, which are in turn influenced by water temperature
(Banks and Brownell, 1969; Selzer and Payne, 1988; Briager and Schneider, 1998;
Goold, 1998; Neumann, 2001).

One of the most specific characteristics of common dolphin habitat is probably its
tendency to be located in areas of steep sea floor relief, above conspicuous features such
as sea mounts or escarpments (Hui, 1985; Dohl ef al., 1986; Selzer and Payne, 1988).
Yet again, bottom topography is more likely to have a primary influence on food
availability, rather than a direct effect on the dolphins® distribution (Hui, 1985). As a
result of topographically induced upwelling, areas of high sea floor relief often offer
nutrient-rich waters carried upward towards the surface (Sverdrup et al., 1942) and may
provide greater feeding opportunities for species such as the common dolphin (Evans,

1974; Au and Perryman, 1985).
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- Group characteristics and social organisation

Common dolphins are usually found in large active herds, in which members can often
be seen leaping in synchrony (Dawson, 1985; Jefferson et al., 1993; Evans, 1994,
Carwardine, 1995). A wide range of group sizes have been recorded for this species,
with as few as about 10 individuals and up to schools of over 10,000 animals (Heyning
and Perrin, 1994). Mean group size varies significantly from one population to another
but also within populations (illustrated by results in Hui, 1979a; Evans, 1980; Dohl et
al., 1986; Notarbartolo di Sciara er al., 1993; Canadas er al., 2002; Mussi et al., in
press; Vella, in press; Politi and Bearzi, in press), and can partially depend on
assessment methods and the group definition used in different studies. Group size can
also vary according to water depth (Canadas et al., 2002), season (Hui, 1979a; Evans,
1980; Dohl et al., 1986) and time of the day (Carwardine, 1995). These factors could be
related to feeding efficiency and the need for smaller or larger groups depending on the

type of prey available in a particular environment (Wiirsig, 1986).

Common dolphins are known to sometimes associate with other cetacean species. In the
Mediterranean, mixed groups of Delphinus delphis and striped dolphins (Stenella
coeruleoalba) are often encountered (Cafadas et al., 2002; Frantzis and Herzing, 2002).
In these waters, they have also been sighted with Risso’s dolphins (Grampus griseus)
(Cafiadas et al., 2002; Frantzis and Herzing, 2002) and bottlenose dolphins (Politi ez al.,
1994; Bearzi and Notarbartolo di Sciara, 1995). Association with Pacific white-sided
dolphins (Lagenorhynchus obliquidens) (Brown and Norris, 1956; Evans, 1994), pilot
whales (Globicephala spp.) (Evans, 1994; Canadas ef al., 2002; Perrin, 2002), dusky
dolphins (Lagenorhynchus obscurus) (Wirsig et al., 1997), and various species of
Mysticete whales (Evans, 1994; Sei whale Balaenoptera borealis, Bryde’s whale
Balaenoptera edeni and Minke whale Balaenoptera acutorostrata: Neumann, 2001)

have also been reported.

Large schools of common dolphins are thought to be composed of smaller units of about
20 to 30, perhaps closely related, individuals (Evans, 1980, 1994). Like most species of
oceanic dolphins, it is probable that common dolphins live in a fission-fusion society, in
which the composition of large schools change from day to day but still include some

long-term associations and functional subgroups (Norris and Dohl, 1980a; Wells et al.,

17



1999; Neumann, 2001). Functional division and sex and/or age segregation appears to
occur in many different dolphin species and populations (Sergeant ef al., 1980; Perrin
and Reilly, 1984; Wells et al., 1987; Perryman and Lynn, 1994; Rogan et al., 1997; Cox
et al., 1998). Evidence for such segregation in common dolphins has been provided by
the analysis of by-catch data (Ferrero and Walker, 1995; Silva and Sequeira, 2003) and
by active observations of wild populations (Neumann, 2001). Both types of studies
suggested the existence of three types of groups within common dolphin society:

- nursery groups containing only females, including pregnant and lactating females

with their calves,
- mixed groups of both sexes and all ages, and
- male bachelor groups composed either exclusively of immature males or males of
all ages.

The segregation of females in order to form nursery groups has been reported for a
number of dolphin species (bottlenose dolphins: Shane et al., 1986; Wells ef al., 1987,
Scott et al., 1990; Bel’kovitch, 1991; Mann and Smuts, 1999; Dall’s porpoises
Phocoenoides dalli and harbour porpoises Phocoena phoconea: Read and Hohn, 1995;
dusky dolphins: Wiirsig and Wiirsig, 1980; Hawaiian spinner dolphins Stenella
longirostris: Johnson and Norris, 1994). When the bond with the mother is broken, the
young leave these groups to form juvenile pods of similar aged individuals, either of the
same sex (usually males) or of mixed sex (Tyack, 1986; Wells et al., 1987; Evans,

1987).

- Feeding ecology

Common dolphins prey on a wide variety of fish and squid species and their diet is
known to go through annual and seasonal fluctuations due to changes in prey
availability and abundance (Young and Cockcroft, 1994). Their diet also varies with
location but generally depends on small, mesopelagic shoaling fish species (like
sardines, anchovies, mackerel and pilchard) and squid from the deep scattering layer
(Pascoe, 1986; Evans, 1987; Overholtz and Waring, 1991). Young and Cockcroft
(1994) analysed the stomach contents of 297 common dolphins and found 36 different
fish species in their samples. However, 86.9% by weight of their diet was made up of
only five prey species (dominated by pilchard), which strongly suggest that common

dolphins are opportunistic feeders (Young and Cockcroft, 1994). They also showed a
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clear difference in the contribution of particular prey species to the diet of males and
females: mature females tend to have a more diverse diet, which suggest that females
feed actively on prey species other than the more abundant pilchard, or that they feed as
opportunistically as possible (Young and Cockcroft, 1994). This trend towards a more
diverse diet appears to be related to the higher energy demands faced by females
(Young and Cockcroft, 1994). Females’ reproductive state has also proved to have an
influence on diet in many different dolphin species (examples include bottlenose
dolphins: Cockcroft and Ross, 1990; spinner dolphins and spotted dolphins Stenella
attenuata: Bernard and Hohn, 1989), including common dolphins (Young and

Cockcroft, 1994).

Research conducted in Southern California showed that common dolphins tend to start
feeding at dusk and continue throughout the night (Evans, 1994). Until the study by
Neumann in 2001, feeding strategies of common dolphins had not been described in
detail. The only information available beforehand consisted of diving depths involved in
foraging, which were reported to occur between nine and 50 metres (Evans, 1994).
Neumann (2001) described different methods used by this species in the context of
feeding; most of them involving cooperation between individuals. Carouseling, which
consist of dolphins cooperatively surrounding a school of fish, was most frequently
observed, suggesting that it might represent the most efficient strategy for preying on

small schooling fish in the open ocean (Neumann, 2001).

- Vocalisation

Common dolphins’ vocalisations have not been studied as extensively as those of
bottlenose dolphins. However, common dolphins are known to produce the entire
acoustic repertoire common to most delphinids; including whistles, echolocation clicks
and burst-pulse sounds (Moore and Ridgway, 1995). Recordings made from large
schools show that common dolphins are very vocal and tend to synchronise their
whistling with the other members of the group (Evans, 1994). The predominant sounds
produced by common dolphins vary with the time of the day, and could be due to a
differential activity budget during day and night (Evans, 1994). Their high-pitched
squeals can be heard above the surface as the dolphins ride the bow of boats (Dawson,

1985; Jefterson ef al., 1993).
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- Conservation ecology

The conservation status of the world population of common dolphins is considered as
being at lower risk by the 1996 IUCN Red List of Threatened Animals (Baillie and
Groombridge, 1996). The recent decline observed in the Mediterranean subpopulation
was considered by the IUCN in 2003, and the status of common dolphins was
reclassified as endangered for that particular area (Bearzi, 2003). Although the
worldwide population is not under threat, the factors that are causing problems in the

Mediterranean could also potentially be affecting other subpopulations.

Incidental catches by commercial fisheries is an extended problem and the common
dolphin represents the most prominent by-caught species every year for both the pelagic
purse-seine and drift net fisheries (Evans, 1994). For example, in 1988, an estimate of
16,189 (= 1300) common dolphins were killed in the purse-seine tuna fishery in the
Eastern Tropical Pacific (Hall and Boyer, 1990). Common dolphins have also been
considered as competitors by a number of fishing communities. As a consequence,
direct kills of the species were common practice in the 1950s. Common dolphin meat
was also used for human consumption in the Black Sea (Gaskin, 1992) and still is in
some areas (Kemper et al., 2001; Bearzi ef al., 2003). Other potential threats include
overfishing of common dolphins’ food resources, as well as habitat degradation (Bearzi
et al., 2003; Bearzi, 2003). Global warming, which in some areas induces a rise in water
temperatures and therefore modifies prey distribution, is affecting the marine ecosystem
dynamics, including all cetacean species that inhabit this ecosystem (Viale, 1994;
Bearzi et al., 2003). It has been suggested that increases and decreases in the relative
abundance and distribution of small cetaceans off the Northeast coast of the United
States (Katona er al., 1993; Kenney et al., 1996) could to be due to this phenomenon
(Palka et al., 1997). Finally, high contamination rates of organochlorines such as PCBs
(polychlorinated biphenyl) have been reported in different areas (Mediterranean:
Vicente and Charbert, 1978; Viale, 1994; Bearzi et al., 2003; Atlantic and Pacific coasts
of the United Stated: O’Shea ef al., 1980; Eastern Atlantic: Alzieu ef al., 1982). These
increases in pollution levels can induce changes in distribution of the species, and can

result in immunosuppression and reproductive impairment (Viale, 1994; Bearzi et al.,
2003).
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3) Reproduction

3.1, Reproductive biology

- Qestation

Pregnancy is rather difficult to assess in wild populations of cetaceans, but some
observations have proved successful. Using underwater visual inspection of increased
girth and swollen abdomens in Atlantic spotted dolphins (Sienella frontalis), Herzing
(1997) was able to identify mid-term pregnancies. Connor ef af. (1992a) also reported
that swelling is visible two or three months prior to parturition in Indian Ocean
boitlenose dolphins. In captive bottlenose dolphins, movements of the foetus in the
mother’s belly can sometimes be observed (McBride and Kritzler, 1951). However, the

classification of a female dolphin as having been pregnant still relies on the later

observation of a calf (Wells e a/., 1987: Herzing, 1997).

Like many of dolphins’ life history parameters, the gestation period varies between
species, among populations of the same species, and depends on the asscssment
methods used within studies. In odontocetes, the length of gestation tends to increase
with the size of the animals (Whitehead and Mann, 2000) and ranges from nine months
for the harbour porpoise and the pygmy sperm whale (Kogia hreviceps) (Harrison,
1969; Whitchead and Mann, 2000) to 15 or 16 months for the sperm whale (Physeter
macrocephalus), pilot whale and killer whale (Orcinus orca) (Harrison, 1969; Perrin
and Reilly, 1984; Whitehead and Mann, 2000). Gestation periods reported for common
dolphins range between 9.2 (Asdell, 1964) and 11.3 months (Danil and Chivers, 2003).
with most values between 10 and 11 months (Harrison, 1969; Harrison et al., 1969:
Gaskin, 1972, 1992; Perrin and Reilly, 1984; Ferrero and Walker, 1995). This pattern
fits with records for other species of same approximate size (10-12 months for Stenella

and Lagenorhynchus spp.: Perrin and Reilly, 1984).
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- Reproductive rate

The reproductive rate of a species can be described at the population level with the
annual pregnancy rate, but also at the individual level with the mean interbirth interval.
These two parameters are logically correlated, as more births are expected within a year
if intervals between births are rather small. Both parameters are known to vary between
species and between populations of the same species (Whitehead and Mann, 2000). The
annual pregnancy rate recorded for common dolphins in the Black Sea is the highest of
all delphinids, with 75% of females being pregnant on any given year (Perrin and
Reilly, 1984). However, other values reported for the Black Sea and the Eastern
Tropical Pacific stocks average around the 43% mark (Perrin and Reilly, 1984; Danil
and Chivers, 2003). For spinner dolphins in the Eastern Tropical Pacific, which inhabit
a similar niche, share similar schooling characteristics and are about the same size as
common dolphins (Whitehead and Mann, 2000), Perrin and Reilly (1984) reported an

annual pregnancy rate of between 26.5 and 30.8%.

The time interval between each birth is strongly influenced by gestational time and
duration of lactation of the species considered (Whitehead and Mann, 2000). For
common dolphins, interbirth interval varies between 1.3 years in the Black Sea, which
corresponds to the high reproductive rate described above, to 2.6 years in the North and
Eastern Tropical Pacific (Perrin and Reilly, 1984). Some authors have reported an
infertile resting period occurring every three pregnancies (Harrison ef al., 1969; Gaskin,
1972). Perrin and Reilly (1984) report that spinner dolphins have calves every 2.9 to 3.3
years, spotted dolphins every 2.5 to 3.9 years, and striped dolphins every 1.4 to 4.2

years; which is. on average, less often than common dolphins do.

- Parturition

While cetacean births are only rarely observed in the wild, captivity offers the
opportunity to describe such events in detail (Evans, 1994). From captive observations
and post-mortem inspections of pregnant females, it appears that female dolphins tend
to produce a single calf, with twin births only occurring occasionally and usually
resulting in non-viable calves (Harrison, 1969; Evans, 1987; Van Waerebeek and Read,

1994; Wells and Norris, 1994; Whitehead and Mann, 2000). Singleton births are likely
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to be favoured by the need for large neonates and the importance of fast growth of
calves in an aquatic environment (Whitehead and Mann, 2000). The calf is born tail first
(Harrison, 1969; McBride and Kritzler, 1951; Wells and Norris, 1994). Harrison (1969)
suggested that, due to the unique body shape and physiology of foetal odontocetes,
caudal presentation is more likely to produce successful births. Even though some births
are known to have taken up to two hours, parturition is usually rapid and calves are born
within half an hour after start of labour (McBride and Kritzler, 1951; Schroeder, 1990).
When the foetus falls free, the mother typically whirls about face, which induces the
umbilical cord to break (McBride and Kritzler, 1951). Schroeder (1990) noticed that six
of the seven births observed at the Naval Ocean Systems Centre occurred at night. This
could explain why observations of parturition in the wild are so rare, but this hypothesis
remains to be tested as females might also isolate themselves from human contact

during such events.
- Physical characteristics at birth and calf growth

At birth, dolphin calves present a number of specific characteristics that differentiate
them from older individuals. The most striking one is obviously size (Plate 2). In fact,
body length, from the birth of the calf onwards, can be used to obtain an estimation of
its age, although accuracy is likely to decrease as the calf grows (Jonsgard, 1969). Many
cetacean studies have used body length of the animals in order to classify them as
neonates, or as calf versus non-calf (common dolphins: Wiirsig, 1986; Perryman and
Lynn, 1993; Heyning and Perrin, 1994; Silva and Sequeira, 2003; bottlenose dolphins:
Cockroft and Ross, 1990; Hansen, 1990; Mead and Potter, 1990; Urian et al., 1996;
Bearzi et al., 1997, Grellier et al., 2003; Thayer et al., 2003; spinner dolphins: Norris et
al., 1994; spotted dolphins: Herzing, 1997). In common dolphins, adult length varies
between and among populations and the same type of variation is found when
considering the size of newborn calves. A relatively wide range of lengths at birth have
béen recorded, from a minimum of 75c¢m (Harrison et al., 1969; Mitchell, 1975; Gaskin,
1992) up to 105cm (Perrin and Reilly, 1984), with numerous intermediate values
averaging between 80 and 90cm (Bryden, 1972; Collet, 1981; Perrin and Reilly, 1984;
Evans, 1994; Ferrero and Walker, 1995; Perrin, 2002; Jefferson et al., 1993; Whitehead

and Mann, 2000; Danil and Chivers, 2003). Such small sizes don’t remain for very long
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Plate 2. Mother-calf pair of common dolphins. The size of the calf compared to
that of the adult suggests its very young age.



as delphinids’ postnatal growth is very rapid and almost linear for the first year {Bryden.

1972: Perryman and Lynn, [993; Read ef af.. 1993).

In the North Pacific. common dolphins gain on average 20 to 25cm in the first six
months of life, and about 40 to 45¢m within the first year (Ferrcro and Walkcer, 1995).
By the age of two years. common dolphins” growth starts to slow but they do not reach
asymptotic length before the age of seven (Ferrero and Walker, 19935). The malc growth
curve through age two is also slightly steeper than that portion of the female growth
curve, meaning that over that period of time males gain more length than females
(Ferrero and Walker, 1995). Higher growth rates have bcen reported for common
dolphins in the Eastern Tropical Pacific and could reflect different adaptive strategies to

temperate and tropical ocean habitats (Danil and Chivers, 2003).

Another characteristic of newborn common dolphins is their colouration. In some
cetacean species, important colour differences exist between mothers and their calves.
In the beluga whales (Delphinapterus lencas) for example, adult females are white but
give birth to dark grey calves (Sims er «f.. 2003). Spotted dolphin calves are born
without any speckles but they acquire them as they grow older (lerzing, 1997).
Common dolphin calves look much like their mothers: the intricate criss-cross pattern is
already present, but pigmentation is not yet fully developed and young individuals are
usually of lighter colour than adults (Gaskin, 1972) (Plate 3). They also lack distinct
patches on their dorsal {ins; however these will increase in contrast with age (Hevning

and Perrin. 1994),

Newborn dolphins can also be tdentified as such by the presence of foetal lincs on their
body (Plate 4). These vertical lines are Jocated symmetrically on gach sidc of the irunk
and lack pigmentation (McBride and Kritzler, 1951). They are produced by the folded
posture of the foetus as it lies in the uterus. and the fact that they occur on both sides of
the body indicates that the foetus shifis this flexure from side to side (McBride and
Kritzler, 1951; Wells, 19914). Foetal folds are particularly visible on bottlenose dolphin
calves, which bear a series of five te seven of these lines (Mc¢Bride and Kritzler, 1951;
Cockroft and Ross, 1990; Mann and Smuts, 1999}, In this species, they have been

reported to disappear by about three months of age, although individual variations may

(]
Lhn



Courtesy of Nicola Clark

Plate 3. Newborn common dolphin showing the typical criss-cross colouration that
characterises the species but with a lighter pigmentation than the adult it
accompanies.
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Plate 4. Young calves usually bare white markings on either side of their trunk
called foetal folds, which can be observed on this common dolphin calf.
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occur (Mann and Smuts. 1999). Foetal lines are present on most dolphin newborns,

including common dolphins (Neumann, 2001).

I'octal folds are not the only remains of the neonatal folded posture. Dolphins are
usually born with soft and bent pectoral and dorsal fins (Plate 5). while the fluke is
curled downwards (McBride and Kritzler, 1951). For botilenose dolphins. the fins
stiffen and straighten during the first two weeks of postnatal development and do not
appear to impair swimming abilities (McBride and Kritzler, 1951). Similar development
would be expected in most odontocetes but whether it occurs at the same rate is still to

be investigated,

Several criteria have been used within cetacean research in order to differentiate
newborn calves from older individuals. Along with size, the different aspects of
newborn anatomy, such as calf colouration (used in studies of bottlenose dolphins:
Bearzi et al., 1997, Grellier et al., 2003; beluga whales: Sims ef af., 2003; spotted
dolphins: Herzing, 1997), the presence of foetal folds (Hector's dolphins
Cephalorhynchus hectori: Bejder, 1997, bottlenose dolphins: Connor et al., 1996;
Bearzi er af., 1997; Grellier er af.. 2003; spinner dolphins: Notris ef al.. 1994, spotted
dolphins: Herzing, 1997), the observation of a folded dorsal fin (bottlenose dolphins:
McBride and Kritzler, 1951; Mead and Potter, 1990; Fermnandez, 1992; Bearzi ef .,
1997; Thayer er al., 2003; spinner dolphins: Norris ef af., 1994), or a curled tail fluke
{bottlenose dolphins: McBride and Kritzler, 1951; Fernandez, 1992; spinner dolphins:
Norris ef al., 1994), have all been used to estimate the age of calves, whether they are

uscd separately, combined, or along with other behavioural characteristics.

- Lactation and weaning

In all cetacean specics, the newly born calf is highly dependent upon its mother for food
and starts nursing on the fat-rich milk she produces within a few hours after birth
{Caldwell and Caldwell, 1972). Compared to domesticated mammals, cetacean milk is
rather high in fat and protein while relatively low in lactose (Harrison, 1969), and its
composition seems to be influenced by the species habitat as well as by the stage of

lactation (Peddemors et al., 1989).
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Plate 5. Newborn common dolphin showing a bent dorsal fin characteristic of its
young age.
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The female’s nipples are located on her ventral side, about three quarters of the way
from the rostrum to the tail tip. As a consequence, in order to suckle her young, a
mother will have to roll on her side or let the calf swim under her (Cockroft and Ross,
1990). Either way, nursing takes place underwater, usually close to the surface
(Harrison, 1969), probably so the calf can easily reach the surface for a breath between
nursing bouts. While nursing occurs mostly in ‘infant position® (with the calf swimming
underneath its mother) (Mann and Smuts, 1998), some females have been observed
rolling on their side to facilitate nursing (McBride and Kritzler, 1951; Cockroft and
Ross, 1990; Wells, 1991a; Johnson and Norris, 1994; Gubbins et al., 1999; Mann and
Smuts, 1999). When side presentations do occur, they seem to be limited to the first few
weeks of life; the calf being forced to roll under the mother thereafter (McBride and
Kritzler, 1951; Cockroft and Ross, 1990; Gubbins et al., 1999).

The exact rate at which a calf suckles is quite difficult to establish, as the observation of
a calf in nursing position does not systematically imply that milk is transferred or that
the individual in the position of the mother is a female (Whitehead and Mann, 2000).
Nonetheless, different studies have been able to show that nursing frequency decreases
as calves grow older (McBride and Kritzler, 1951; Harrison, 1969; Cockroft and Ross,
1990; Nordensten et al., 2003). The length of nursing bouts is limited by the amount of
time a calf can remain submerged and thus are relatively short during the first few
weeks of life (Harrison, 1969). As the calf’s nursing efficiency increases, it will be able
to nurse for longer periods of time (Cockroft and Ross, 1990; Nordensten et al., 2003);
although overall, bout length also tends to decrease with age (Cockroft and Ross, 1990;
Reid et al., 1995). As infants slowly increase their fish intake, nursing events become
less numerous. Odontocetes wean their offspring gradually, allowing infants to acquire
the necessary foraging skills before they are completely dependent on solid food
(Oftedal, 1997). With time, the infant will develop accurate feeding strategies and will
spend more time foraging (Whitehead et al., 2000). In the wild, weaning can be hard to
determine but is usually marked by the absence of ‘infant position’ swimming and a

significant drop in mother-calf association (Mann et al., 2000).

Lactation is relatively costly for female dolphins (Whitehead and Mann, 2000).
Producing milk implies high metabolic demands that they can satisfy by either

increasing the quantity of prey eaten, or by selecting food of higher calorific value
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(Bemard and THohn, 1989). It has been shown that the diet of lactating female common
dolphins is differcnt to any other age and/or sex class, and is likely to be related to the

specific requirements involved in lactation (Young and Cockroft, 1994},

The length of time for which calves nurse is extremely variable between species. as well
as ameng individuals within a population, and appears (o be influenced by a number of
tactors (Harrison. 1969; Perrin and Reilly. 1984; Whitehead and Mann. 2000). In most
cetacean species. calves nurse for much fonger than is required for survival (Tyack,
1986). and it has been suggested that such prolonged periods of lactation may be linked
to the importance of social learning in these species (Brodie, 1969). Different values
have been reported for common dolphins and there seemns to be a disagreement on the
length of their lactation period. Whereas Bryden (1972) reported a lactation duration of
four months, later observations suggested that common dolphins calves usually nurse
for longer periods: lactation periods of six months (Leatherwood ef «f.. 1982; Perrin and
Reiliv. 1984}, 10 months (Collet. 1981: Gaskin, 1992). 16 months (Dani! and Chivers,
2003} and cven up to 19 months (Perrin and Reilly. 1984) were found in different
studies. Evans (1994) reported that common dolphin calves in the Fastern Pacific start
taking fish anywhere between two and three months of age. but weaning is unlikely to
be achieved for another few months as calves have milk and squid in their stomach up
to about one year of age. Whitehead and Mann (2000) suggested that the lactation
period of six months reported tor common dolphins could be the result of dubious data.
In comparison, most other odontocetes usually suckle for 12 to 18 months (Whitehcad
and Mann. 2000). The variation in values reported for common dolphins remains to be
explained. but Perrin and Reilly (1984) suggested that it could potentially be linked to
the year in which the assessment took place, to the statc of exploitation of the
population studied, and to the differences that cxist between stocks. Other factors
identified to influence the duration of lactation include milk composition, teeding
strategies and food availability, the reproductive state of the mother, and degree of
contflict between optimal length for the mother and optimal length for the calf. Weaning
tends to occur earlicr when milk contains a high percentage of fat {Bonner, 1984),
Interestingly, it has been reported that common dolphin milk is richer in protein than in
calcium (Peddemors ef al., 1989). Also. in bottlcnose dolphins, which wean at a later
age. milk fat content is much lower than values reported for common dolphins

(Cockroft and Ross, 1990). Considering teeding strategies, the duration of lactation i1s
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likely to be related to the difficulty of methods used to find and catch food (Whitehead
and Mann, 2000). Such factor will determine the amount of time required for a calf to
learn to feed itself efficiently and therefore how long it has to rely on its mother for food
(Whitehead and Mann, 2000). The availability of food could have the same type of
impact on the length of lactation, as a mother might speed up an infant’s learning to
forage where fish resources are plentiful (Caldwell and Caldwell, 1972). The lactation
period also seems to depend on the age of females (Marsh and Kasuya, 1991:
Whitehead and Mann, 2000). Many of the explanations available on the variations in
age at weaning between and within species do not go beyond the stage of hypotheses
and further investigations are required in order to understand patterns of calves’ feeding
dependency. As for the particular case of common dolphins, the exact lactation time for

different subpopulations has yet to be confirmed.

- Sexual maturity

As with all other cetacean life history parameters, the age and size at sexual maturity
varies between species, between populations of the same species, and even within
populations (Collet and Girons, 1984; Bryden and Harrison, 1986; Whitehead and
Mann, 2000; Perrin, 2002). Overall, female common dolphins tend to reach sexual
maturity before males do. The youngest age and size were recorded in the Black Sea
with females reaching sexual maturity between two and four years of age and length of
150-170cm, while males are sexually mature at three years of age and 170-180cm
(Perrin and Reilly, 1984). In the North Pacific, different results were obtained with
females averaging seven years of age and about 170cm at sexual maturity, and 10 years
of age and about 180cm for males (Hui, 1979b; Ferrero and Walker, 1995; Perrin,
2002). For the Eastern Tropical Pacific, Danil and Chivers (2003) showed that females
reach sexual maturity at a mean of 8.1 years and 185.9cm in length, and Perrin and
Reilly (1984) showed that males reach sexual maturity around six or seven years of age
and at an approximate length of 200cm. Finally, in the North Atlantic, females were
found to be sexually mature between six and seven years of age and at lengths of about
190cm, and males between five and seven years and about 200cm (Collet, 1981; Collet

and Girons, 1984; Perrin and Reilly, 1984; Evans, 1994).
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As a general rule, female cetaceans start to reproduce when at about 85 to 95% of their
mean adult body length (Whitehead and Mann, 2000), and this is consistent with the
data available on common dolphins. It is assumed that before reaching such length, the
potential benefits of producing an offspring are outweighed by the demands on the

mother’s growth (Whitehead and Mann, 2000).

The variation observed in age and length at sexual maturity can be explained by
biological and ecological factors, as well as by the different ageing methods used across
studies (Collet and Girons, 1984; Wells ef al., 1987; Ferrero and Walker, 1995). Most of
the variation between species in age at first reproduction is likely to be the result of a
different growth rate (Whitehead and Mann, 2000). Within a species, climate, duration
of lactation, diet, exploitation, date of birth and order of birth (Bryden and Harrison,
1986), habitat (Bryden, 1972) and population density (Perrin, 2002) have been

identified to potentially affect age at sexual maturity.

3.2. Reproductive ecology

- Mating system

The mating system of a species refers to the strategies used by both males and females
in order to reproduce. Five generalised systems have been identified in animals:
monogamy where one male mates with one female in a breeding season (Alcock, 1998),
polygyny where a single male controls the access to a group of females (Wells e al.,
1987; Alcock, 1998), polyandry where one or two sexually mature females bear the
young for the whole group (Wells and Norris, 1994; Alcock, 1998), polygynandry
where males mate with sexually mature females and both sexes have multiple partners
(Wells and Norris, 1994), and promiscuity where mate choice is absent and both males
and females mate randomly (Wells and Norris, 1994). Determining the mating system
of cetacean species represents a challenge, as certain measures are uneasy to access in
an aquatic environment, and female choice might be playing a more important role than
in other species (Whitehead and Mann, 2000). Considering the fluid association patterns
that characterise delphinid species, including common dolphins, the lack of male
parental care and the relative large size of males testes, it seems that dolphins’ mating

system is rather polygamous than monogamous (Wells et al., 1987). Although it doesn’t
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seem very likely that a male doiphin would be able to guard a particular female during
her entire period of receptivity (Wells er af.. 1987), polygyny has been suggested for a
tew cetacean species (Evans. 1987). Within a polyandrous system. long term
associations betwcen individuals would be favoured, which does not appear to be the
case in cctaccans (Wells er af., 1987). Wells and Norris (1994} suggested that Hawaiian
spinncr  dolphins are polygynandrous. Several studies have also supported the
hypothesis of promiscuity (Wiirsig and Wiirsig. 1980; Lvans, 1987). Other mating
systems could also have evolved due to the particular environment cetaceans live in
(Whitehead and Mann. 2000). While monogamy and polyandry can apparently be
excluded from the mating systems of delphinids. further investigations are required in

order to test the hypotheses of polygyny and promiscuity (Wells er af., 1987),

Calving and mating

In all wild pepulations of delphinids studied to date, mating and calving have been
reported to occur seasonaily (Perrin and Reilly. 1984: Tyack. 1986: Evans. 1987:
Whitehead and Mann. 2000). Even though females are capable of giving birth
throughout the year. births usually take place during onc or two fairly restricted periods
(Bryden and Harrison, 1986; Tyack, 1986; Urian ef «/.. 1996). The duration of the peak
calving season. although occurring in all species, varies in length and can be spread over
a few weeks in some populations. while births will take place over a few months in

others (Whitchead and Mann, 2000).

Seasonal peaks in births have heen observed in all populations of common dolphins
worldwide, including New Zealand. and have been estimated to spread over an average
of four months (Whitehead and Mann., 2000). Two trends can be identified when
looking at the breeding season of common dolphins. with either one single peak in the
late spring or summer months (Gaskin, 1972; Jefterson er af, 1993; North Eastern
Pacific: Leatherwood et af., 1976; Ferrero and Walker. 1995; Danil and Chivers, 2003:
North Eastern Atlantic: Collet, 1981: Evans, 1987; Black Sea: Sleptsov, 1940; Gaskin,
1992; Evans, 1987; Mediterranean: Universidad Auténoma de Madrid and Alnitak.
2002), or two annual peaks. one in the spring and autumn (Jefferson et af.. 1993; North
Eastern Pacitic: Evans, 1987; Evans, 1994; Ferrero and Walker, 1995). Southern

California is the only location for which most common dolphin births have becn
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recorded in the midwinter months (Evans and Bastian, 1969; Harrison et al., 1969;
Harrison ef al., 1972). Around New Zealand, groups of common dolphins that include
newborn calves are more likely to be sighted during the summer months (Webb, 1973b;
Constantine, 1995; Briger and Schneider, 1998; Neumann, 2001). Sightings of neonates
during winter in populations that show a summer breeding season (Universidad
Auténoma de Madrid and Alnitak, 2002) support the fact that female common dolphins

are able to breed year round.

Similar patterns are found in most odontocete species and births are usually distributed

as follows:

- mainly during the summer months (spinner dolphins: Harrison er al., 1969; Atlantic
white-sided dolphins Lagenorhynchus acutus: Evans, 1987; Pacific white-sided
dolphins: Evans and Bastian, 1969; Harrison ef al., 1969; Evans, 1987 bottlenose
dolphins: ; Wells ef al., 1987; Hansen, 1990; Connor ef al., 1996; Urian et al., 1996
Bearzi et al., 1997; Kasuya et al., 1997; Grellier, 2000; Thayer er al., 2003; dusky
dolphins: Wiirsig and Wiirsig, 1980; Cipriano, 1992),

- spread over spring and summer (bottlenose dolphins: Evans, 1987; harbour
porpoises: Read and Hohn, 1995; spinner dolphins: Evans, 1987; Risso’s dolphins:
Evans, 1987),

- birth peaks restricted to spring for a few populations (bottlenose dolphins: Asdell,
1964; Harrison et al., 1972; Mead and Potter, 1990; Fernandez and Hohn, 1998;
Dudzinski, 1999; spotted dolphins: Harrison ef al., 1969),

- bimodal spring and fall birth peaks observed occasionally (spotted dolphins: Evans,
1987, Herzing, 1997; bottlenose dolphins: Scott et al., 1990; striped dolphins:
Evans, 1987),

- and no exclusive winter breeding season reported for any species.

In all animal species, it is widely accepted that breeding seasonality is used as a means
to increase calf survival. A number of different factors that could influence the survival
of newborn dolphin calves have been identified and their variation may explain the
seasonality of reproduction in odontocetes (Thayer et al., 2003). These include:
availability of food (Barros and Odell, 1990; Urian ef al., 1996; Mann et al., 2000;
Whitehead and Mann, 2000; Danil and Chivers, 2003), oceanographic and climatic
parameters (Perryman and Lynn, 1993; Ferrero and Walker, 1995; Mann et al., 2000),
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day length (Ridgway, 1972; Mann er al., 2000), water temperature (Ridgway, 1972;
Wells et al., 1987; Urian et al., 1996; Bearzi et al.. 1997; Mann et al., 2000; Whitehead
and Mann, 2000), and predation pressure (Wells ef /., 1987: Mann and Smuts, 1998).
Besides explaining timing in births, some of these factors are also likely to reflect the

variations that exist between and within species.

For many cetacean species, studies have shown a change of habitat during the peak birth
period and an extensive use of shallow areas during that time (for example in southern
right whales Eubalaena australis: Payne, 1976; Elwen and Best, 2004b: humpback
whales Megaptera novaeangliae: Smultea, 1992; dusky dolphins: Cipriano, 1992;
bottlenose dolphins: Wiirsig and Wiirsig, 1977; Wells er al., 1987; Wells, 1991a; Mann
et al., 2000; Hector’s dolphins: Briger er al., 2003). Common dolphins have been
reported to move further inshore during what appears to be the main reproductive
season (Brdger and Schneider, 1998; Neumann, 2000). However, whether these
movements are exclusively determined by reproductive needs, or whether they are food-

related, remains unknown.

Breeding seasonality implies timing of mating activities, and therefore the mating
season of any given species should be influenced by the need to give birth during the
appropriate season, as well as by the gestation period. Investigating mating seasonality
can be achieved by either analysing biological variables related to reproduction (such as
testosterone and progesterone levels, ovulation or testes size) or by observing mating
behaviours. Mature common dolphins seem to go through seasonal patterns of sexual
activity, with males presenting variation in spermatogenesis, and females ovulating
seasonally (Ridgway, 1972; Collet and Girons, 1984). As would be expected, these
cycles differ from stock to stock in duration and timing (Collet and Girons, 1984;
Evans, 1994). During seasonal rut, male common dolphins present a significant increase
in testicular size, prostate and muscles associated with reproductive organs (Evans and
Bastian, 1969; Wells, 1984). Male seasonality has been suggested for other cetacean
species (striped dolphins: Tomilin, 1957; harbour porpoises: Read and Hohn, 1995;
spinner dolphins: Wells, 1984; dusky dolphins: Van Waerebeek and Read, 1994). Some
of these studies managed to show that the seasonal maximum in testis size and activity
occurred at the same time as the peak period of sexual activity and conception (Wells,

1984; Van Waerebeek and Read, 1994). Less is known about the cycle of reproductive
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activity in female dolphins but they seem to go through a number of periods of
receptivity, associated with multiple ovulations (Wells, 1984). Patterns of behavioural
sexual activity can also be used to identify mating seasons, as they are known to follow
seasonal variations in some species {(Evans and Bastian, 1969). Although it can prove
difficult to distinguish social from sexual behaviours in cetaceans (Evans and Bastian,
1969; Norris and Dohl, 1980b; Wells, 1984), a variety of studies have managed to show
that the occurrence and frequency of courtship behaviours are closcly linked to

copulatory events (Puente and Dewsbury, 1976), as well as ovulation in females and

high testosterone levels in males (Wells, 1984),

- Calf development and mother-calf relationships

Very little is known about call development and mother-calf relationships in common
dolphins. The review of the litcrature presented here relies heavily on data available for

bottlenose dolphins, as most studies on the subject have concentrated on that species.

Unlike most mammalian species which produce altricial offspring, female cetaceans
give birth to precocial young that possess many of the sensory and locomotion abilities
necessary for survival {Whitehead and Mann, 2000; Evans. 1987). This is likely to be
highly important for species living in a marine environment, as females will have less
means to keep their calves close to them (Whitehead and Mann. 2000). Although
dolphin calves are able to swim quickly after birth (Wells and Norris, 1994), they will
improve their motor coordination in the first few months of life (Cockroft and Ross,
1990; Mann and Smuts, 1999). The movements of young calves are usually exaggerated
and characterised by wriggling, tilting and rapid course changes (Johnson and Norris,
1994; Fellner and Bauer, 1999). They also appear to be buoyant during that newbomn
period (Mann and Smuts, 1999), making submergence difficult {Cockroft and Ross.
199(). This patiern is quickly superseded and increase in diving depths has been
reported after the second week of life for bottlenose dolphin calves (Mann and Smuts,
1999). The development of their musculature is also marked by their surfacing
behaviour (McBride and Kritzler, 1951). During the first few days, newborn bottlenose
dolphins tend to present ‘corklike” surfacing as they come up for breath (McBride and
Kritzler, 1951; Peddemors, 1990; Mann and Smuts, 1999). In the following two or three

weeks, calves will still surface with most of the torso clearing the water and the jaw
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angled at approximately 30° from the water surface (McBride and Kritzler, 1951;
Peddemors, 1990 Mann and Smuts, 1999). From then on. older infants and adults will
roll at the surface without bringing the jaw fully out of the water (McBride and Kritzler,
1951; Peddemors. 1990: Mann and Smuts, 1999). The observation of chin-up surfacing
may prove useful in estimating the age of young calves in the wild, and has been used as
such in a variety of studies (for example in Connor ef al., 1996; Herzing, 1997, Thayer
et al., 2003). Infant bottlenose dolphins also quickly show a highly developed physical
control and this can be attested by their precocious sexuality, especially in males
{Caldwell and Caldwell, 1972). Male bottlenose dolphins have been observed involved
in sociosexual rubbing within the first two weeks of life (Mann and Smuts, 1999) and
most of them will have mounted their mothers within the first three weeks (Caldwell
and Caldwell, 1972). Such behaviours have also been reported in spotted dolphins
(Herzing, 1997). This carly development of sexual behaviour, many years before the
onset of sexual maturity, suggests that it is important in the social lives of the animals
(Wells er al., 1987). Besides sexual behaviours, calves rapidly develop a diverse
repertoire of other displays including different body slaps, spy hops and reciprocal

chases with other calves (Johnson and Norris, 1994, Connor ef af., 2000).

Improvement in swimming efficiency is also reflected by the changes that occur in
mother-calf relationships, as the acquisition and development of behavioural skills
progressively lead the calf to independence from the mother (Cockroft and Ross, 1990;
Mann and Smuts, 1999). Bottlenose dolphin calves synchronise breathing and
swimming with their mothers soon after birth (Mann and Smuts, 1999) and throughout
the early period of life, they will be kept very close alongside their mothers (Evans,
1987). The distance between common dolphins® mothers and calves at sea has been
estimated to one-fourth that between dolphins of adult size (Perryman and Lynn, 1993).
It is during these first few weeks of life that calves are particularly vulnerable and face
high mortality rates (Wells et a/., 1987; Hersh e af., 1990; Small and Demaster, 1995;
Mann er al., 2000), resulting in a ‘U-shaped’ mortality curve characteristic of most
mammalian populations (Ralls ef of., 1980). During this period, mother bottlenose
dolphins have proved to be very protective of their offspring, herding them from any
potential hazards (McBride and Kritzler, 1951; Mann and Smuts, 1999). For example,
mother-calf pairs have been reported to stay clear of feeding aggregations during the

newborn period, as the “boisterous’ activity involved may potentially be dangerous for
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calves (Wiirsig, 1986). Mothers will also keep their calves in close proximity (Evans,
1987; Mann and Smuts, 1999; Keiko er al., 2003), and not tolerate any separations
(Whitehead and Mann, 2000). However, as calves grow older, the bond with the mother
weakens (Evans, 1987) and they start to separate more frequently, spend more time
away from their mothers and at greater distances (Evans, 1987; Taber and Thomas,
1982; Cockroft and Ross, 1990; Reid ef al., 1995; Mann and Smuts, 1998, 1999; Keiko
et al., 2003; Schneider et al., 2003; Grellier et al., 2003). As calves get more control
over their movements, mothers will also decrease their role in maintaining proximity to
their offspring, while calves will increase their role in maintaining proximity to their
mothers (Taber and Thomas, 1982; Reid ef al., 1995; Fellner and Bauer, 1999; Mann
and Smuts, 1999).

After birth, mothers and calves are in nearly constant contact; rubbing is very frequently
initiated by the calf (Mann and Smuts, 1999), and play only occurs with the mother as
partner (Kuczaj et al., 2003). With age, rubbing behaviour tends to decrease (Mann and
Smuts, 1999) and social play involving association with other calves is observed more
often (Evans, 1987; Mann and Smuts, 1999; Kuczaj er al., 2003). These early
interactions with the mothers will teach calves important behavioural and social skills,
and will then be extended to a more social context involving different participants
(Kuczaj et al., 2003). Within the first few weeks of life, bottlenose dolphin mother-calf
pairs are also characterised by a high degree of coordinated breathing, with most infant
surfacing bouts overlapping with those of the mother (Mann and Smuts, 1999). As
calves grow older and reach high levels of motor coordination, they will start to
establish their own breathing rate (Cockroft and Ross, 1990) and breathing synchrony
will decrease (Mann and Smuts, 1999). With age, dolphin calves also tend to favour
‘infant position” swimming (underneath the mother) rather than ‘echelon position’
swimming (alongside the mother), which requires more mobility as the calf has to break
from this position in order to take breaths (Mann and Smuts, 1999). The changes in
swimming position throughout the calf’s early stage of life indicate the development of
skilful swimming and diving (Mann and Smuts, 1999; Keiko et al., 2003). These
observations fit with the increase in nursing efficiency discussed earlier. In bottlenose
dolphins, all patterns of calf behaviour, mother-calf proximity and spatial relationships

with the mother have proved to change as a function of calf age and mark the
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improvement of motor coordination and swimming efficiency during the first few

months of the calf’s life (Mann and Smuts, 1999).

It is during that same period of time that dolphin calves develop social skills, for
example. through increased levels of social play. However, motor and social
development do not occur over the same length of time. and Caldwell and Caldwell
(1972, p. 429) noted that “although the period of intensive care involving constant body
contact is measured in weeks, the social bond between mothers and their offspring is
measured in years’. During the close associations characteristic of the postnatal period,
calves not only learn to swim efficiently but also learn to recognise their mother. which
is essential for their survival (Cockroft and Ross. 1990). In bottlenose dolphins, the
mother starts whistling immediately after birth and this may continue for several days
(Evans, 1987). Such behaviour is presumed to provide the calf with a strong acoustic
imprinting stimulus and is therefore likely to play an important role in recognition of the
mother (Evans, 1987). However, social learning needs to extend far beyond that period
as newborn dolphin calves are highly undeveloped socially (Wells and Norris, 1994).
Mother-calf relationships even extend past weaning and in bottlenose dolphin
populations. calves are likely to remain with their mothers for any length of time
between three and eight years (Shane et al.. 1986; Wells ef al., 1987; Scott et al., 1990:
Bearzi et al., 1997; Grellier er al., 2003). Spotted dolphin calves have been reported to
stay with their mothers for at least three years (Herzing, 1997) and killer whale calves
may associate with their mothers all the way into adulthood (Bryden and Harrison,
1986). These long periods of social dependency emphasise the importance of mother-
calf relationships in the development of calves (Grellier er al.. 2003). During that time,
mothers will improve the survival of their calves by transmitting important information
relating to feeding strategies and resource distribution, recognition of the population
home range and limits, predator avoidance, and patterns of social interactions (Wells et
al., 1987; Grellier et al., 2003). These social aspects of dolphin calves’ development are
as necessary as reaching motor coordination, in order to take a step towards

independence (Wells ef al., 1987).
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- Allomaternal behaviour

In cetaceans, allomaternal behaviour refers to the care of the young by animals other
than the mother (Whitehead and Mann, 2000). Although such behaviour has never been
investigated in Delphinus delphis, it appears to be common in odontocetes (Tyack.
1986) and has been reported for a few different species (bottlenose dolphins: Caldwell
and Caldwell, 1972: Mann and Smuts, 1998; Keiko er al., 2003: sperm whales:
Whitehead, 1996; spinner dolphins: Johnson and Norris, 1994; killer whales: Haenel.
1986; harbour porpoises: Anderson. 1969). Soon after birth, allomothers tend to show
great interest in the calves and can often be seen swimming in association with mother-
calf pairs (Evans, 1987). While separated from their mothers, calves will often be
accompanied by allomothers and during that time, they will swim in echelon position,
play and occasionally engage in petting or rubbing bouts (Mann and Smuts, 1998). In
wild and captive bottlenose dolphins, allomothers have been observed herding calves
from hazards (Essapian, 1962; Mann and Smuts, 1998) and in both populations.
allonursing has been reported although it seems to be very rare (Mann and Smuts. 1998:

Whitehead and Mann. 2000).

Mann and Smuts (1998) investigated allomaternal behaviour in a wild population of
bottlenose dolphins and assessed the potential benefits and costs involved for each of
the participants: the allomother, the mother and the calf. They showed that immature
females are more likely to be attracted to the young than any other sex and /or age class
(Mann and Smuts, 1998). It has been proposed that these females practice allomothering
as a way to learn to parent. which would be highly benetficial when comes their turn to
calve, especially in a species characterised by high first-born mortality and high
offspring investment (Mann and Smuts, 1998; Whitehead and Mann, 2000). The fact
that experienced females are unlikely to escort calves unless they are kin (Mann and
Smuts, 1998) enhances the idea that allomothers are not purely altruistic but benefit
from accompanying a calf (Whitehead and Mann, 2000), either through the gain of
mothering skills, or by indirect increase of their fitness (Mann and Smuts, 1998). In
their study, mothers also appeared to be quite tolerant towards other individuals
accompanying their calves, which suggested that allomothering did not generate high
costs for them (Mann and Smuts, 1998). However, it didn’t seem to have high direct

benefits either, as mothers didn’t spend more time foraging when their calves were
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accompanied. and were not engaged in affiliative behaviours with allomothers
significantly more than with any other individual (Mann and Smuts, 1998).
Nevertheless, calves were likely to gain direct benefit from allomothers, such as reduced
predation risk and improved social experience, which in turn would benefit the mothers

through increased infant survival and reproduction (Mann and Smuts, 1998).

4) Conclusion and hvpotheses

For many years. our knowledge of delphinids” life history and reproductive parameters
has exclusively relied on post-mortem examination of carcasses made available through
whaling and scientific kills, fishery by-catch reports. and stranding events (Bryden and
Harrison. 1986). Because stranding and by-catch data are widely available for common
dolphins, their reproductive biology has been extensively studied. and is as well
understood as that of any other cetaceans (Evans, 1994). However. it is only recently.
with the development of long term studies of individually identified animals, that
investigations on the behavioural reproductive patterns of live specimens have been
conducted. The possibility of keeping small cetaceans in captivity has generated
numerous observations in that field (Harrison. 1969; Evans. 1994). with most of the
work concentrating on the bottlenose dolphin (Evans and Bastian, 1969; Samuels and
Tyack. 2000). Information on dolphins® reproduction in their natural environment has
remained rather sparse and only a small number of detailed studies are available. again
mainly focusing on coastal resident populations of bottlenose dolphins (for example:
Wells er al.. 1987; Mann and Smuts. 1999). For common dolphins. behavioural
reproductive patterns have rarely been described and investigations have been limited to
breeding seasonality, mainly relying on stranding and by-catch data, and captive
observations of courtship behaviour. Little information is actually available on the
reproductive ecology of common dolphins in their natural habitat. and even though
studies of wild populations are starting to emerge, none has yet focused on describing
that particular aspect of their life history. When considering the wide range of studies
that have been carried out on the reproduction of bottlenose dolphins, it becomes fairly
casy to identify the gaps in knowledge of common dolphins. Such aspects as ecological
breeding habits, mating season, maternal care, calf behavioural development and

allomaternal behaviour have never been investigated for any common dolphin
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population. Therefore, many questions remain to be answered in order to reach a better

understanding of the species. These questions include:

- How does the pelagic habitat of common dolphins influence their breeding habits?

- What are the differences between groups with and without calves? Do they make
different uses of certain locations? Do they behave differently?

- Can a mating season be identified based exclusively on observations of courtship
and mating behaviours?

- What is the typical behaviour of common dolphin calves? How does the behaviour
of calves change with age? Is their behaviour comparable to the descriptions made
for bottlenose dolphin calves?

- Does allomaternal behaviour occur in common dolphins?

- Do mother-calf pairs segregate from other dolphins?

Considering this lack of data on common dolphin reproductive ecology. investigating
these specific questions will significantly increase our knowledge of the species. and
will enable to fulfil the general research objectives set for this study. Therefore. these
questions were used as the framework for the research project presented in the
following chapters, and lead to the creation of specific hypotheses, which were then
tested empirically using data collected during field observations. These hypotheses are
presented below, grouped by the specific research question they investigated.

(Note: only the test hypothesis is presented here. The null hypothesis corresponds to the

reverse statement)

4.1. Influence of environmental variables on group type

The presence of different age classes within groups of common dolphins could be
influenced by the ecological parameters that characterise their habitat. In order to
investigate whether group type (determined by the age class of the youngest member of
the group) varies according to different oceanographic conditions, the following
hypotheses were tested:

H 1: group type is affected by water depth.

H 2: group type is affected by water temperature.
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Although common dolphin breeding seasonality has been investigated previously, it has
been shown to vary between locations. The existence of a breeding season in the study
area was therefore tested by:

H 3: group type is affected by the time of the year.

4.2. Influence of group size on group type

In order to investigate whether the number of common dolphins within a group had an
influence on the age class of its youngest member, the following hypothesis was tested:

H 4: group type is affected by group size.

4.3. Influence of group type on the behaviour of common dolphins

Common dolphins’ behavioural characteristics could potentially be influenced by the
presence of different age classes within groups. This was tested using:

H 5: common dolphins’ activity state is affected by group type.

H 6: the association of common dolphins with other species is affected by group type.
H 7: the reaction of the dolphins to the approach of the boat is affected by group type.

H 8: the minimum distance between the dolphins and the boat is affected by group type.

4.4. Mating season

The possible identification of a mating season within the population of common
dolphins that inhabits the study area was tested by:
H 9: the occurrence of behaviours related to mating is affected by the time of the year.

H 10: the frequency of behaviours related to mating is affected by the time of the year.
4.5. Development of common dolphin calves’ behaviour

Changes in different criteria such as separations, swimming position, nursing events,
breathing synchrony. dive time and minimum distance to the boat are likely to represent

the evolution of calves’ behaviour towards independence. A number of different

hypotheses were therefore used in order to investigate such evolution.
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Variations in calves’ swimming position with age were tested using:

H 11: the age class of calves affects the occurrence of “echelon position” swimming.

H 12: the age class of calves affects the occurrence of “infant position” swimming.

H 13: the age class of calves affects the percentage of time spent in “echelon position’
swimming.

H 14: the age class of calves affects the percentage of time spent in ‘infant position’

swimming.

The potential changes in the characteristics of separations with the age of the calf were
tested using the following hypotheses:

H 15: the age class of calves affects the occurrence of separations between mothers and
calves.

H 16: the age class of calves affects the frequency of separations between mothers and
calves.

H 17: the age class of calves affects the duration of mother-calf separations.

H 18: the age class of calves affects the percentage of time spent without the mother.

H 19: the age class of calves affects the distance of mother-calf separations.

To test the responsibility of both individuals in initiating and terminating separations
and the eventual influence of age on this variable, the two following hypotheses were
used:

H 20: the age class of calves affects the mothers’ responsibility in proximity
maintenance.

H 21: the age class of calves affects their own responsibility in proximity maintenance.

As common dolphin calves’ dependence on their mothers” milk is expected to decrease
with age. the following hypothesis was tested:

H 22: the age class of calves affects the occurrence of nursing events.
Variations in breathing synchrony between mother-calf pairs as calves age were tested

using:

H 23: the age class of calves affects breathing synchrony.
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The potential influence of calves’ age on mothers’ and calves” average dive time, as
well as the differences between them, were assessed using the following hypothesis:

H 24: the age class of calves affects the mean time elapsed between breaths for both
mothers and calves.

H 25: calves’ mean dive times are significantly different from those of mothers.

If mothers get less protective towards their calves as they age, it could be reflected in
changes in distances between the mother-calf pairs and the boat as a function of calves’
age. To test such an assumption, the following hypothesis was used:

H 26: the age class of calves affects the minimum distance between mother-calf pairs

and the boat.

4.6. Allomaternal behaviour

The occurrence and evolution of allomaternal behaviour in common dolphins was
investigated using:

H 27: the age class of calves affects the occurrence of association with non-mother
dolphins.

H 28: the age class of calves affects the frequency of association with non-mother

dolphins.

4.7. Grouping patterns

In order to investigate whether pairs of mothers and their calves tend to associate with
one another, and whether such pattern is influenced by the age of the calf. the following
hypothesis was tested:

H 29: the age class of calves affects the presence and number of other mother-calf pairs

with the focal pair.

46



Chapter 3: METHODS

1) Introduction

Because of the unique environment they live in, cetaceans social behaviour can be
quite challenging to study (Mann. 2000). Although aerial displays can often be
observed. dolphins spend most of their time underwater and typically only appear to the
human observer for short periods of time. In pelagic species such as the common
dolphin. individuals are also usually tound in relatively large and fast moving groups
{Mann, 2000). Under these circumstances. keeping track of their movements and getting
detailed descriptions of their behaviour i1s difficult. In order to thwart these difticulties
and enhance our knowledge of the species. different observation techniques and
sampling methods, particularly suited for cetacean species. have been developed and

described (Mann. 1999: Whitehead ef ¢f.. 2000).

Choosing the right methodology is a key factor in any research project. A wide range of
definitions and methods are available to study whales™ and dolphins® behaviour. It is
important to assess the advantages and disadvantages of cach and to choose the methods
most appropriate for a particular study. Mann (1999, p.103) points out that “the selection
and appropriate use of sampling methods that yield unbiased estimates of behaviour are
critical to the scientitic validity of any study”. In order to make such a choice, difterent
parameters need to be taken into account. Hahitat, group size, rate of change in group
membership. dive time. and the ability to identity individuals, are exampies of the
factors that can influence the study of a particular species (Mann, 1999). Thus. the
different traits that characteris¢ the behaviour and biology of a species have to be

considercd when choosing observational methods.

A further important criterion to be considered relates to the goals of the study. The
methods used not only have to suit the specics characteristics but also have to provide
accurate data in order to answer the specific research questions formulated (Altmann,
1974). 1t is important to develop and refine detinitions and fieldwork protocols. which
can then be used consistently throughout the study. Such consistency increases the

validity of data and can facilitatc comparisons between studies {Mann, 1999). It can also
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enhance the internal validity of the study and reduce observational bias (Altmann,
1974). Ensuring that thesc requirements are fulfilled is a vital process. so that accurate

observations can be made and reliable conclusions drawn.

This chapter reviews the different methods used in this study and its structure is
summarised in figure 5. Firstly, the study location and the rescarch platform are
introduced. Secondly. the process of data collection is described. together with an
overview of the different observational methods and dcfinitions used. Thesc are
discussed in light of the knowledge of common dolphins™ behaviour. and of mother-calf
relationship studies conducted on other species. Thirdly, how the chosen methods relate
to the different research questions addressed in this study is discussed, and finally. the

statistical tests used to analyse the data collected in the field are presented.

2) Location of study

This study was conducted in the Hauraki Guif, which is located on the East coast of the
North Island. adjacent to Auckland City, New Zcaland (36°-37°10 South. 174740 -
175°30 Fast) (Figure 6). The arca was declared Marine Park in 1967, in order to
conserve its many islands and the waters surrounding them (Hauraki Gulf Maritime
Park Board. 1983). The Hauraki Gulf is a broad embayment. open to the North and
partly protected in the East by the Coromandel Peninsula and Great Barrier Island.
while landiocked to the South and West {Hauraki Guif Maritime Park Board. 1983;
Owen and Owen. 1999: Black er «f.. 2000). It includes some 47 islands. as well as
headlands and coastlines. spreading over 13.600 square kilometres of Pacific Ocean
{Hauraki Gult Maritime Park Board, 1983). Water depth within the Gulf averages
between 40 and 45 metres, and water temperature covers an approximate 10-degrec
seasonal range. with summer highs of about 22°C and winter lows of about 12°C
(Jillett, 1971: Hauraki Gulf Maritime Park Board, 1983; Bercusson, 1999}. Tides in the
Gulf are semi-diurnal, with two low tides and two high tides cach day. The tidal range is
about 1.8m on neap tides and 2.4m on spring tides (Hauraki Guif Maritime Park Board.
1983; Bercusson, 1999). The Hauraki Gult is home fo a great varicty of marine species,
ranging from the microscopic plankton to some of the largest baleen whalcs, together

with many different species of fishes, birds and dolphins {(Bercusson, 1999).
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Figure 6. The Hauraki Gulf Marine Park on the East Coast of the North Island,

New Zealand, where this study was conducted.
(Source: Department of Conservation, 2002)
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3) Research vessel

All observations were made from onboard the commercial tourist boat ‘Dolphin

Explorer’ (Plate 6). This operator has been conducting ‘swim-with’ and dolphin

watching programs in the Hauraki Gulf since September 2000. ‘Dolphin Explorer’

operates under a permit (PER/02/03/00) issued by the Department of Conservation. This

permit allows ‘Dolphin Explorer” to approach dolphins and whales encountered in the

Hauraki Gulf, according to the Marine Mammals Protection Regulations (Appendix 1).

The species most frequently seen are common dolphins (Delphinus delphis) and Brydes

whales (Balaenoptera borealis), while Sei whales (Balaenoptera borealis), fin whales

(Balaenoptera physalus), bottlenose dolphins (7Tursiops truncatus), and killer whales

(Orcinus orca) can also be seen but on a less frequent basis. The permit also allows

passengers of ‘Dolphin Explorer’ to swim with common dolphins under the following

specific conditions:

- if the group of common dolphins encountered does not contain juveniles,

- if the group of common dolphins encountered is neither resting or feeding,

- if the group of common dolphins encountered is not located in the direct vicinity of
a whale (300m).

The sea state is also considered by the skipper preceding each swim and swimming is

not allowed if waves exceed half a metre.

Dolphin Explorer conducts daily trips (weather permitting, Beaufort Sea state <6),
leaving downtown Auckland from pier 3 around 1lam, and lasting five hours on
average. From December 2002 to mid-February 2003, two trips were operated daily,

with departure times of 8.00am and 1.30pm.

The ‘Dolphin Explorer’ is a 20-metre passenger catamaran, with a glass-over-ply
construction, powered by two 350-horse power Scania diesel inboard engines. ‘Dolphin
Explorer’ can reach a top speed of 22 knots, but cruising speed during dolphin trips is
usually around 17 knots. ‘Dolphin Explorer’ offers two main viewing platforms: the top
deck at an elevation of five metres above sea level, and the front deck at an elevation of
two metres above sea level. The vessel has a capacity of 100 passengers, and usually
has three crewmembers working onboard, with an additional fourth when the number of

passengers exceeds 50.
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Plate 6. 'Dolphin Explorer', the commercial tourist boat from which this study was
conducted.
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This operator allows students to come on board, free of charge, in order to complete
their research projects. It constitutes the main rescarch platform for a number of projects

based in the Hauraki Gulf.

4) Data collection

All data were collected between the 18" of January 2003 and the 29” of February 2004,

The search for the dolphins was conducted along two main routes (Figure 7):

- the "Northern route” towards Kawau Island and Little Barrier Island,

- the "Eastern’ route towards the Coromandel Peninsula.

The decision on which route to foilow was made daily by the crew depending on
previous sightings, weather and any signs of bird activity, especially the Australasian
gannet (Morus serrator). These birds can often be scen in association with common
dolphins as they prey on the same fish species (Gallo, 1991; Neumann, 2001). While
dolphins circle a school of fish, gannets dive from great heights into the *fish ball’ in
order to feed. This was referred to as a “work-up’. Therctore, sightings of diving birds
strongly suggested the presence of dolphins in the same arca. During each trip,
continuous scans using hand-held binoculars were completed from the top deck of
*Dolphin Explorer’ by myself, a crewmember, or any other researcher or volunteer
working on the boat that day. These scans covered an area of 180° abeam of the vessel
over approximately 8 kilometres in good visibility conditions (Beaufort sea state < 3)
and over approximately 3 miles otherwise. Sightings of the dolphins® dorsal fins and
abnormal splashes at the surface were also used in order to locate the animals. However,
the search relied mainly on sightings of diving aggregations of gannets; as such

boisterous activity can be seen from greater distances.

Dolphins were approached according to the Marine Mammals Protection Regulations
{Appendix 1) and international whale-watching guidelines (Mann, 2000). These
recommendations have been set 11 an attempt to minimise boats’ impact on dolphin
behaviour. Once a group of dolphins was sighted, speed was reduced to reach a total
stop approximately 400 metres away from the animals. It is assumed that this stop
would give some time for the dolphins to habituate themselves to the presence of the
boat, as recommended by Mann (2000). It also allowed the crew and researchers

onboard ‘Dolphin Explorer” to assess the dolphins’ initial activity and direction of travel
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Figure 7. The two main routes taken by 'Dolphin Explorer' in search of common
dolphins.
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in order to approach them according to the protocols set under the Marine Mammals
Protection Regulations. Specifically, ‘Dolphin Explorer” would be piloted to parallel the
course of the dolphins, slightly to the rear of the group. A slow and steady speed was
also prefered. When sea conditions were calm and dolphins remained in the same area,

engines were turned off in order to minimise disturbance to the animals.

Data collection started when the animals were assessed to be at around 200 metres
distance from the boat. This distance provided time to record the necessary
environmental variables (for example water depth and water temperature) before
reaching the dolphins. As a frequent response from the dolphins to the presence of
‘Dolphin Explorer’ was to bow ride the pressure wave of the vessel, the bow of the boat
represented the best viewing area. All observations were made from the port bow of
‘Dolphin Explorer’, as limited space and movement were available at the starboard bow
due to the presence of the anchor. Data were recorded on an Olympus S725

Microcassette recorder, and later transferred on to Microsoft Excel data sheets.

The length of the observation sessions depended on the length of time ‘Dolphin
Explorer’ would spend with a group of dolphins. The decision to leave the dolphins
would always be made by the skipper and relied on different parameters. The length of
the encounter was consistently taken into account as Neumann (2001) showed that
common dolphins can start to react negatively to boats’ approaches after a 45-minute
period. In the present study, an encounter was defined as a time period spent with the
same group of dolphins. Increase in the dolphins’ swim speed, spatial avoidance (for
example sudden changes in the dolphins’ direction of travel), and modification of their
diving behaviour, have been described as potential signs of avoidance in previous
studies (Janik, 1996; Nowacek et al., 2001 Jelinski et al., 2002; Lusseau, 2003). When
such behaviour was observed, ‘Dolphin Explorer’ terminated the encounter. Finally,
weather conditions, having other groups of dolphins in sight or having to return to the
harbour also influenced the time spent with the animals. When leaving a group of
dolphins, ‘Dolphin Explorer’ operated a 90° turn at idle speed until the dolphins were at
a distance of 300 metres from the vessel as recommended by the Marine Mammals

Protection Regulations (Appendix 1), and initial course was then resumed.

33



5) Observational methods

Observational methods refer to the protocols used during data collection. The systematic
use of such protocols ensures that the information gathered in the field is consistent
throughout the study and reduces bias. When choosing observational methods, two
types of decisions must be made (Mann, 1999):

- the follow protocol: which individuals to focus on and for how long, and

- the sampling mcthod: how behaviours are going to be recorded.

5.1. Follow protocols

The “foilow protocol” refers to the length of the observations and whether a group or an

individual animal is going to be followed. Mann (1999) identified five different follow

protocols that can be used to study cetaceans:

- surveys: minimum time is spent with the animals, the goal being to record general
information on a high number of groups.

- group follows: a group of animals is monitored for an extended period of time.

- focal follows: one specific individual, or a pair, is monitored for an extended peried
of time,

- tracking: amimals are monitored electronically (hydrophone. tagging).

anecdote: descriptive report of an unusual event.
In this study. focal follows and group follows were combined in order to answer the

rescarch questions.

Mother-calf pairs were monitored using focal follows. Focal follows consist in sampling
the bebaviour of one individual or a pair within a group (Altmann. 1974; Mann, 1999).
Focal animal data are ideal for studying behaviour, interaction and social relationships.
and most studies of mothers and calves in cetaceans, and in other species, have relied on
this protocol (for example, bottlensse dolphins: Smolker ef ¢/, 1993; Mann and Smuts,
1998, Mann and Smuts, 1999: Fellner, 2000, Keiko er af., 2003 southern right whales:
Taber and Thomas, 1982; Thomas and Taber, 1984, vervet monkeys: Struhsaker, 1971;
humans: Richards and Bemal, 1972). They allow the researcher to focus on a specific
pair of individuals, to follow the stream of their behaviour, and help understand their

social dynamics {Mann, 2000). In the present study, focal mother-calf follows
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represented the most accurate protocol to be used as they provide the best insight into
their relationships (Mann. 1999). Conducting focal animal follows does not exclude the
usc of other types of protocols. When studyving a group of animals, different methods
can be combined as long as information is consistently and reliably recorded (Altmann.
[974; Mann. 2000}. In this study. data on non-focal animals was collected during group
follows. This type of follow protocol requires the sampling of a group as a whole.
Gathering general information on the groups of dolphins encountered was necessary in
order to have a broader view on the flow of events. and represented the basis for

comparison between groups of dolphins with and without calves.

5.2. Sampling methods

Sampling methods refer to the procedurces used to record behaviours within the different
follow protocols {Altmann, 1974; Mann, 1999). Ad Libitum sampling has represented
the most common sampling method for many decades. It consists of "typical field notes’
{Altmann. 1974). wherc the observer records what seems of intercst without any
systematic constraints (Mann. 1999}, Nowadays. different methods are available and
quantitative records are generally preferred to descripfive notes. as data can then be
statistically analysed and may reveal correlations that would have othcrwise remain
undetected. The use of Ad Libitum sampling is still valuable in the case of rare events
and anccdotal observations (Mann, 1999). and was utilised for such events in this study.
However: more specitic, structured sampling methods were mainly used. according {o

the particular research questions addressed by the present study.

- Environmental variables

The first type of data to be recorded when a group of dolphins was sighted concerned
the characteristics of the arca in which the animals were found. For each encounter, the
following data were systematically recorded:

- date,

- time at which the animals were found, as well as the duration of the encounter,

- longitude and latitude at which they were found,

- water depth, and

- sea surface temperature.
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The longitude and latitude were obtained using Global Positioning System {GPS). and
position was read from the boat’s depth sounder, along with the corresponding water
depth. Sea surface temperature was measured from water obtained from the side of the
boat. using a digital thermometer graduated in 0.1 degrees Celsius. In order to facilitate
analysis and discussion of the data, dates were collapsed into months and seasons of
observation. Following the accepted convention of the New Zealand oceanographic
calendar (Paul, 1968). four three-months seasons were used:

- summer: January, February and March.

- autumn: April, May and June,

- winter: July. August, and September.

- spring: October. November. and December.

To investigate the influence of habitat on the breeding habits of common dolphins
(hypotheses 1 to 3), the different types of groups (determined by the age class of the
youngest member of the group) were compared on water depth, water temperature.
menths and seasons. Although it eould be argued that water depth and water
temperature are closely related and should not be analysed separately, the water
lemperature across the Hauraki Gulf on any one day tends to be relatively uniform
(Paul, 1968} and therefore both factors may have differential influence on dolphins’

behaviour.

- Group follows

During group follows, group compesition. group activity and behaviours were
continuously sampled; they were systematically recorded throughout the encounter
(Mann. 1999) by repeatedly scanning the group from front to back. For each group. the
minimum distance between the animals and the boat, their reaction towards the boat.

and the other species associated with the common dolphins were also noted.

a. Group definition

An important first step when conducting group follows is to define what will be
considered as a group {Mann. 1999). Depending on the context, a group can designate
the functional association of different subgroups, a location-based aggregation, or a

social unit. There are many different ways to define groups and Connor e/ ¢l. (2000)
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found no less than 11 different definitions within 17 studies on bottlenose dolphins.
Most of the definitions found in the cetacean literature can be divided into two
categories (Mann, 1999):

- those based on co-ordinated activities, and

- those based on distance measures.

The co-ordinated activities definition implies that individuals are considered as part of
the same group if they are involved in the same activity or if they are travelling in the
same direction as others. Mann (2000) raises the limits of this kind of group definition.
Although being based on behavioural similarities, this approach has implicit
assumptions about distance: dolphins involved in the same activity miles away will not
be considered as part of the group, as they cannot be seen. Furthermore, it doesn’t take
into account the fact that dolphins in close association can be involved in different
activities. She also puts forward that ‘although co-ordinated movements and activities
may be important to the animals for maintaining group membership, they are
impractical to quantify reliably’ (Mann, 2000, p.55). As a consequence, she

recommends proximity-based definition to designate group membership (Mann, 2000).

When using distance as a criterion, individuals are considered as part of the same group
if they are located within a certain area or within a certain distance of each other (Mann,
2000). Distance criteria can vary from one study to another, depending on the species
and the characteristics of its association patterns, as well as on the researcher’s choice.
Some may chose to use a 10-metre ‘chain rule’ (Connor et al., 1992b; Smolker et al.,
1992; Mann and Smuts, 1999; Mann ef al., 2000), or a 100-metre ‘chain rule’ (Wilson
et al., 1993) to identify group membership. This involves considering any animal that
surfaces within such distance of any other animal within the group as a group member.
Some may consider individuals as part of the same group when they are located within a
100-metre radius (Irvine et al., 1981; Wells et al., 1987; Corkeron, 1990), while others
might set the distance criteria between individuals by using body length measures
(Dorsey et al., 1989; Weinrich, 1991; Fertl, 1994). This approach also has its own
limits, as firstly it does not take into account the animals’ behaviour. Secondly, it can
also prove difficult to designate a cut-off distance for group membership as dolphins are
known to communicate over long distances (Tyack, 2000) and could be in acoustic

proximity rather than in physical proximity.
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The use of these definitions has different implications. When defining groups,
researchers should make their choice according to the species he or she is working with.
Definitions should capture the {luid or stable nature of the specics society (Mann. 2000).
It is therefore important to keep in nund that common dolphins tend to live in a very
fluid fission-fusion society. meaning that group composition presents a high rate of
variation over time (Norris and Dohl. 1980a; Wells ¢f «/., 1999 Neumann, 2001). Some
researchers chose to use a combination of both methods (for example. Mohley and
Herman. 1985: Whitehead e¢f aef.. 1992 Mattila ef «/.. 1994; Brown and Corkeron. 1995;
Defran and Weller, 1999} and such combinations have been successfully used to assess

the ecology of common dolphins (Neumann. 2001).

After having considered the characteristics of the common delphins’ society. the
previous use made of the two methods described above and their implications, the
following group definition was used in this study:
Dolphins were considered as part of the same group when they were
observed in close proximity. within 200 metres of each other, and in
apparent association. moving in the same direction or engaged in the same
behaviour.
This detinition excluded other groups that could have been utilising the same area. and
even though their presence could be noticed, such distance prevented the assessment of

the eventual presence of calves in these groups,

b. Group size and composition

The group size refers to the number ot adult dolphins present in a group. A visual count,
or estimate, was obtained by scanning the group continuous!y. The minimum number of
animals was recorded for cach group in one of the following six categories: 0-10
dolphins, 11-20, 21-30, 31-30, 51-100, more than 100 dolphins. Such categories were
designed since reliable counts can be obtainted for groups up to 30 animals {(Neumann,
2001). As groups reach bigger sizes and the exact number of animals becomes difficult
to obtain, the use of broader categories was favoured. Small categories were also
preferred when possible in order to maximise the statistical analysis between group size
and the different group types. By using large categories, a possible correlation between

these two parameters may not be revealed. Similar categories have been used in studies
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of bottlenose dolphins (for example: Constantine ef al., 2004), with the highest category
being 31-50 animals, as bottlenose dolphins usually travel in smaller groups than
common dolphins (Whitehead and Mann, 2000). In the present study, group size was
compared across the different group types (determined by the age class of the youngest

member of the group), which enabled hypothesis 4 to be tested.

Studying group composition allows the researcher to gain more detailed information on
the structure of a group. Such data was of great importance in this study, as all research
questions relied on the identification of the presence or absence of calves in the groups
encountered. Many terms have been used in order to describe group composition: calf,
newborn, infant, juvenile, subadult, adult, along with different definitions for each of
them. Most studies combine biological criteria, such as small size, presence of foetal
folds, or fins still folded, and behaviour of individuals in order to classify them into a
specific age category (Connor ef al., 1996; Bearzi et al., 1997, Herzing, 1997,
Neumann, 2001; Constantine, 2002; Thayer et al., 2003). The behaviour of common
dolphin calves has never been investigated and using the behaviours described in other
species as criteria would lead to assumptions that common dolphins behave in the same
way. Other features, such as foetal folds, may last months, resulting in positively biased
estimates of birth dates (Caldwell and Caldwell, 1972; Cockroft and Ross, 1990).
Therefore, the size of calves was strictly used to distinguish between four age
categories. Because of the magnifying property of the water, the lengths of dolphins
estimated at sea are significantly greater than the lengths of the same specimens
recorded during necropsy (Read and Hohn, 1995). Therefore, rather than trying to
estimate the total length of calves, the size of each calf was estimated as a proportion of
its mother’s size; a method which has previously been used in other studies (for
example to assess the size of southern right whale calves: Thomas and Taber, 1984;
bottlenose dolphins: Bearzi ef al., 1997; Constantine, 2002; spotted dolphins: Herzing,

1997). In order to determine group composition, the following four age classes were

used during the course of this study:

- newborns: designates young calves of typical newborn size, measuring less than half
the size of the mother (Plate 7). Through necropsy, Evans (1975) only found milk in
the stomachs of individuals of that size.

- infants: animals measuring around half the size of the mother (Plate 8), which

corresponds approximately to six months of age (Ferrero and Walker, 1995; Danil
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Plate 7. Common dolphin calf classified as a newborn.
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Courtesy of Karen Stockin

Plate 8. Common dolphin calf classified as an infant.
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and Chivers, 2003). Through necropsy. squid and milk were found in stomachs of
individuals of this size (Evans, 1994).

- Juventles: animals measuring around two thirds of the mother’s size (Plate 9), which
corresponds approximately to one year of age (Ferrero and Walker, 1995; Danil and
Chivers, 2003),

- adults: all other animals not included in the previous catcgories. Subadults were not
taken into account as they would have been too difficult to discriminate visually
from full-sized dolphins.

‘Calves” was therefore use as a general term to designate non-adults dolphins.

Continuous sampling was used in order to determine the presence and number of

individuals for each of the four categories described above, Fach group of common

dolphins was then categorised into one of four group types, according to the size of the
youngest individual sighted within a group:

- group type 1: the youngest dolphin in the group was a newbomn,

- group type 2: the youngest dolphin in the group was an infant,

- group type 3: the youngest dolphin in the group was a juvenile.

- group type 4: the youngest dolphin in the group was an adult,

As one of the prerequisites of any study, a decision rule for following animals under
changing conditions must be developed a priori (Mann, 1999, 2000). When group size
and group composition changed within one encounter, explicitly when dolphins joined
or left the group, the time and description of the change was noted. In order not to
sample the same animals twice, the minimum number for each age class was recorded

in the data set.

c. Behaviours

When sampling behaviour, a distinction must be made between states and events
(Altmann, 1974; Martin and Bateson, 1993; Mann, 2000). Such a distinction is based on
the duration of a given behaviour: events are usually regarded as instantaneous displays,
while states are of appreciable duration. In reality, all behaviours require a certain
amount of time and our choice between regarding behaviours as states or events

depends upon the questions we are attempting to answer (Altmann, 1974). In the present
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Plate 9. Common dolphin calf classified as a juvenile.
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study and like most authors in the cetacean literature (Constantine, 1995; Mann, 2600
Neumann, 2001}, behavioural cvents were referred to as behaviours of short duration
such as discrete body movements (for example: head slap. leap...). Behavioural states
were referred to as behaviours of long duration such as prolonged activities {for

example: resting, feedmeg, travelling...).

Activity staie

The activity state refers to the general behaviour of the dolphins when encountered.
There are three main ways to record group activity state: point sampling, focal group
sampling (also known as predominant group-activity sampling). and predominant

activity sampling.

Point sampling entails scoring activity periodically, for example every three minutes {as
used by Neumann, 2001). The use of point samphing is recommended for studies
focusing on a species” activity budget and requiring data on the proportion of time spent
in specific activity states. as well as on changes from one state to another (Mann. 1999).
Such detailed information on common delphing activity state was not necessary in
order to answer the questions addressed in the present study. Furthermore. recording
activity state at set time points may have interrupted focal follows and therefore limited
the possibility of answering other research questions. Focal group sampling involves
recording the activity over half of the group is engaged in for a certain time interval
{Mann. 1999, 2000). Predominant activity sampling involves recording the activity the
whole group is engaged in over 50% of a certain time interval {(Hutt and Hutt. 1970),
and therefore requires precise sampling of each group member or some subset of the
group. This is difficult to achieve when observing large groups of deiphinids. as is the
case for common dolphins in the Hauraki Gulf. Because focal group sampling only
involves a global assessment of the group, it is the most appropriate method to record
common dolphins® activity statc. Altmann (1974) advises to restrain the use of focal
group sampling to situations in which every member of the group is under continuous
ohservation during the sample period. However, due to the particularity of the
environment they live in, these conditions are never met with wild cetaceans and focal
group sampling remains the most commonly used method to determine group activity in
dolphins and whales (Mann, 2000). In this study, the activity of the groups encountered

was therefore recorded using focal group sampling.
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In order to describe dolphins’ activity state, five main categories have been used by
most researchers who have quantified cetaceans’ behaviour: feeding, travelling,
socialising, resting, and milling (Shane, 1990b). These categories fit with observations
of the behaviour of common dolphins and have been successfully used on this species in
the past (Neumann, 2001). Consistency in the methodology used across studies has been
emphasised in the previous years, including for categories and definitions of activity
states, as it allows unambiguous comparison of results (Shane, 1990b; Mann, 1999). For
all these reasons, these five categories were used in the present study:

- socialising: Shane described socialising as ‘some or all pod members in almost
constant physical contact with one another, oriented toward one another, and often
displaying surface behaviours (1990a, p.262). Dolphins are mainly involved in
mating, rubbing and playing (Shane et al., 1986).

- travelling: dolphins are all moving at a sustained speed in a persistent direction
(Shane ef al., 1986; Shane, 1990a).

- feeding: dolphins are involved in an effort to capture and consume prey (Shane,
1990a). They can be seen herding a school of fish (feeding circles) or chasing the
fish at the surface (feeding rushes).

- resting: dolphins are moving slowly at the surface in a co-ordinated manner, and in
one particular direction (Shane et al., 1986; Shane, 1990a). Individuals are usually
within a few body lengths of each other (Neumann, 2001).

- milling: dolphins remain within a given area and are not moving in any definite
direction. Individuals are continuously changing their heading (Shane er al., 1986;
Shane, 1990a).

For each group, behavioural state was sampled continuously throughout the encounter.

At the end of each encounter and according to the behaviours displayed by more than

50% of the group (focal group sampling), one of the five activity states described above

was assigned to the group. The percentage of observations of each activity state was

compared across the different group types in order to test hypothesis 5.

Events

In the present study, behavioural events were sampled in order to provide indication of a
possible mating season. Therefore, focus was only made on events relating to
reproduction. It is known that dolphins’ copulatory behaviours may be used in contexts

outside reproduction (Wells, 1984). Nonetheless, seasonal changes in the occurrence of
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these bchaviours may still indicate the presence of a mating season {(Mann., 2000).
Behavioural patterns related to reproduction have been shown to increase during mating
seasons in differcnt studics (McBride and Hebb. 1948: McBride and Kritzler. 1951:
Puente and Dewsbury, 1976; Wells, 1984; Shane. 1990b).

Two main sampling methods are available to record behavioural events: incident
sampling also known as all-occurrence sampling, and one-zero sampling. (One-zero
sampling consists of recording the occurrence or non-occurrence of specific behaviours
during a certain time interval (Altmann, 1974: Mann, 1999). Whereas such method may
be used to gain categorical information. it fails to provide frequencies of the behaviours
recorded. All-occurrence sampling or incident sampling entails scoring all behavioural
events of a specific type (Altmann. 1974; Martin and Bateson. 1993: Mann, 1999). This
method provides accurate information about the rate of occurrence of behaviours. Mann
(1999, p.115) points out that in order to usc all-occurrence sampling, “the behaviours
themselves must be obvious and attractive enough to alert the observer. In addition. the
observer must be able to rccord all the events regardless of how many animals are
present’. Shane (1990b) describes surface behaviours most closely related to socialising
as being highly visiblc. Altmann (1974) adds that one also has to ensure that the
behavioural events do not occur too frequently to be recorded. These conditions being
fulfilled in the present study. and true frequencies being valuable in order to detecrmine

the existence of a mating season. all-occurrence sampling was used.

Courtshup and copulatory behaviours have been described for a variety of dolphin
species (bottlenose dolphins: McBride and Hebb, 1948; Puente and Dewsbury, 1976;
common dolphins: Essapian, 1962: spinner dolphins: Wells, 1984), and some recurrent
patterns have been identified. In his study on spinner dolphins, Wells {1984} deseribes
six behavioural patterns with potential sexual connotations: genital-to-genital contact,
beak-to-genital propulsion, other genital contact, non-genital contaet, ventral
presentations and chases. Puente and Dewsbury (1976) identified nine courtship
patterns for bottlenose dolphins: vocalisation. mouthing, nuzzling, rubbing. stroking,
displaying, leaping, chasing, and head butting. Some of these behaviours have also been
classified as belonging to dolphins™ mating repertoire in other studies {(Connor ef al.,
2000; Reynolds ef al., 2000). In the first and only attempt to investigate courtship in

common dolphins, Essapian (1962} describes the behaviour of a pair of captive dolphins
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and adds tail slapping and brcaching to the list. He also notes that common deiphin

courtship and mating behaviours are very similar to that of the bottlenose dolphins.

Some of the hehavioural categorics named above contain detailed patterns that may be

available to the obscrver studying captive dolphins. or in areas of great visibility. The

mating behaviours observed in this study usually occurred during fast moving
interactions. Moreover, water visibility made it difficult to distinguish between certain
behaviours, such as rubbing and stroking. For these reasons and because data collection
necds 1o be simplified when a significant amount of information is being collected

(Mann. 2000}. broader categories were used to record mating behaviours of common

dolphins and the following behaviours were sampled:

- genital-to-genital presentations: two individuals swimming belly-to-belly, with
genital areas sometimes scen in contact with each other. Even though intromission
could rarely be observed. its occurrence conformed to this position.

- beak-to-genital contact: the tip of the rostrum of onc dolphin is in contact with the
genital shit of another individual. This behaviour was only coded as such when it
involved two adults, as dolphin calves are known to nurse in the same position.

- non-genital contact: includes any other tyvpes of body contact between two dolphins.
such as rubbing of the animals” bodies and pectoral fins, or rolling on each other at
the surface.

- chase: one dolphin rapidly pursuing another.

- leap: one dolphin jumping out of the water.

- head slap: one dolphin slapping its head again the surface of the water.

Vocalisations and tail slaps were not taken into account in this studyv. The high-pitched

sounds produced by the dolphins could only be heard when the dolphins were right

underncath the bow, which restricted all-occurrence recording of that cvent. Tail slaps

represent one of the main techniques used by dolphins while feeding (Neumann. 2001).

and proved to be difficult to distinguish from social tail slaps. The existence of a mating

season, as stated by hypotheses 9 and 10, was assessed by comparing the occurrence

and frequency of these different behaviours across months and scasons.

d. Association with other species

Common dolphins are known to associatc with birds and baleen whales for feeding

purposes (Gallo, 1991; Neumann, 2031). Mothcrs and calves of different delphinid
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species have been reported to stay clear of feeding aggregations, as the intensity of the
activities they involve may not be safe for calves (Wiirsig, 1986). The presence of other
species within these aggregations appears likely to further increase this intensity.
Therefore, the presence of other species with common dolphins was recorded in order to
determine whether the different group types presented the same association pattermn
(hypothesis 6). For cach group, the presence of birds or whales associated with the
common dolphins was noted. Other specics were considered as associated with the
common dolphins if observed within the group under observation and involved in the
same activity. Association patterns were tested using four different dependent variables:

associations with any other species,

associations with birds and whales,

t

associations with birds only, and

associations with whales only.

e. Behaviour towards the boat

[n order to investigate whether the boat’s approach had the same impact on different
types of groups (hypotheses 7 and 8), the minimum distance between the boat and the
dolphins, as well as the reaction of the animals towards the boat, were recorded for each

group.

The dolphins’ reaction was coded in one of the three following categories (Neumann,

2001):

- attraction: the dolphins are coming towards the beat, swimming at the bow for
extended periods of time and staying around the boat even if stopped.

- avoidance: dolphins are continuously changing their heading away from the boat.

- neutral: no observable reaction or change in the behaviour of the dolphins can be
noticed, they are not attracted to the boat and neither avoiding it.

The minimum distance to the boat was recorded in metres, and was coded as 0 when the

dolphins were riding the bow. In order to measure such distance, different cues were

used such as the length and width of the research vessel, as well as the average size of

adult commen dolphins. Although judging distances at sea can prove difficult, the use

of these cues along with the author’s previous involvement in projects requiring similar

skills ensured the accuracy of measurements made in the present study.
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- Focal mother-calf follows

During focal mother-calf follows, continuous sampling was used in order to collect data
on proximity and separations between mothers and calves, synchrony and breathing rate
of the pair, swimming pattern of the pair, allomaternal behaviour, and association with
other mother-calf pairs (see Appendix 2 for an example of a focal mother-calf follow).
Continuous sampling involves the systematic recording of behaviours that have been
defined a priori (Altmann, 1974;: Mann, 1999). Each occurrence of the behaviours of
interest is recorded, along with information on its time of occurrence (Martin and
Bateson. 1993). Continuous sampling is the richest source of information on social
behaviour (Mann, 1999), and has consequently been used widely in the study of mother-
calf relationships in different cetacean species (for example, southern right whales:
Taber and Thomas, 1982; bottlenose dolphins: Mann and Smuts, 1998, 1999). Such data
provide information on details, sequences, actors and recipients, rates and duration of
behaviour for individual animals (Mann, 1999). Mann (1999) lists the different
behaviours that can be recorded on a continuous basis. These include breathing
frequency, dive times, surface-display rates, and synchronous surfacing, most of which
are used to study mother-calf relationships (Mann and Smuts, 1999). However, when a
great amount of information is recorded continuously, this method can prove very
demanding for the observer. In such cases, Altmann (1974) recommends its use for one
or two animals at most. Another option is to score frequencies within time blocks using
point sampling. The observation session is then divided into short sample intervals (for
example 30 seconds). At each sample point, the observer scores whether or not certain
behaviours are occurring (Altmann, 1974; Martin and Bateson, 1993; Mann, 1999). For
this study, continuous sampling represented the best option in recording mother-calf
interactions. Mother-calf pairs would usually come in view only for short periods of
time. Thus, to capture the flow of events, point sampling would have had to be used
with very short sample intervals, which would be equivalent to using continuous
sampling. Moreover, if the behaviours of interest occur outside the sample point, they
would not be recorded. Once again, frequencies were necessary in order to answer most
of the research questions relating to mother-calf relationships. The use of one-zero
sampling was therefore restricted to recording the presence of foetal folds on the calves
and the occurrence of nursing behaviours, as categorical data were sufficient to test the

hypotheses relating to these topics.
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When using continuous sampling, records need to be kept on the length of each sample
period, as well as the amount of time during which the animals sampled are in view for
that particular period (Altmann, 1974). For this study, the focal sample began as soon as
a mother-calf pair was located and lasted as long as it remained sufficiently close for
good visibility. The time at which the focal follow was initiated and terminated was

recorded, providing the exact length of observation for each mother-calf pair.

Even though it has been reported that individuals accompanied by calves are not always
the mothers, and not always females (Whitehead and Mann, 2000), the identification of
mothers in different studies have relied on their regular association with calves (Wells er
al., 1987 Bearzi ef al., 1997). Therefore, in this study, mother-calf pairs were identified
as such by the persistent presence of a smaller individual next to an adult sized dolphin.
Focal follows were not achievable for every group containing calves as the sampling of
a pair relied on the distance at which they would approach the boat. In fact, to be able to
record accurately all occurrences of the behaviours of interest for this study, mother and
calf’ pairs needed to be in a 15 metres circa around the boat. A decision rule was
necessary when more than onc mother-calf pair approached the boat, in order to choose
which one would be sampled. In order to maximise the efficiency of the focal follow,
the pair closest to the boat was followed, If, during the sampling of a pair, another
mother and her calf approached the boat, their presence and the size of the calf was

recorded, and the initial follow on the first pair continued.

For each mother-calf follow, the size of the calf was recorded under one of the three age
classes described previously: newborn, infant or juvenile. Thomas and Taber (1984,
p.43) pointed out that such a record provides ‘a basis for rough estimation of the relative
ages of the calves and a means to associate behavior with age’, and was used in that

manter in the data analysis,

a. Swimming position

Dolphin calves have been described to swim with their mothers in two main positions:
‘infant position” swimming and ‘echelon position® swimming (Mann and Smuts, 1999).
In “infant position’, the calf swims underncath its mother with its head slightly touching

her abdomen. Upon surfacing 1o breathe, the calf breaks this position to regain it
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afterwards. Echelon swimming refers to the calf swimming alongside the mother,

paralleling her course, less than 30cm away from her side (Plate 10).

During mother-calf follows, the position of the calf was monitored continuously. Upon
sighting of a mother-call pair, their initial swimming position was noted as well as any
changes occurring thereafler, along with the time of the change. These observations
provided data on the occurrence and the time spent in each position for cach mother-calf
pair sampled, which were compared across the difterent age classes (hypotheses 11 to

14).

b. Proximity and separations

One of the goals of this study was to investigate whether the characteristics of
separations between mothers and calves varied with the age class of the calf. In order to
test hypotheses 15 to 19, the occurrence and the frequency of separation, the mean
duration of separation. the mean distance of separation, and the proportion of time spent
by the calf away from the mother were calculated for each focal follow and compared

for the three age classes.

In their study on mother-infant separations in bottlenose dolphins, Mann and Smults
{1998) define separations as onc animal departing from a two-metre radius of another.
They found that two metres is the separation distance to which mothers reacted
negatively during the first week of life of the newborn calf. This distance is thus
considered biologically significant for bottlenose dolphins. As the significant separation
distance for common dolphins is not known, separations were considered as an
observable increase of distance, superior to one metre, between the mother and her calf,
For each instance of mother-calf separation, the distance between them was recorded in
metres, and in the same manner as previously described regarding the distance of
dolphins to the boat. The maximum and average distances of separation were calculated

afterwards for each mother-calf pair.

An important measure of mother-calf relationships is the extent to which their proximity

is due to the movements of one member of the pair rather than the other (Hinde and
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Courtesy of Gregory Lamare

Plate 10. Two mother-calf pairs of common dolphins swimming together. One of
the calf is swimming in 'echelon position', while the other one can just be
distinguished in 'infant position' underneath its presumed mother.
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Atkinson, 1970; Martin and Bateson, 1993; Mann, 2000). In fact, separations will not
bear the same meaning whether they are initiated and terminated by the mother or by
the calfl In order to investigate which member of the mother-calf pair was responsible
for maintaining proximity, the identity of who separated or rejoined the other member
of the pair was consistently trecorded. For each mother-calt follow, the following were
recorded:

- number of separations initiated by the mother,

- number of separations initiated by the calf,

- number of mutual separations,

- number of rejoins initiated by the mother,

- number of rejoins initiated by the calf,

- number of mutual rejoins.

Responsibility in separations and rejoins could be identified when one individual within
the pair moved away or toward the other pair member, actively increasing or decreasing
the distance between the two. Mutual separations and rejoins corresponded to instances
where both pair members were equally responsible. In 1970, Hinde and Atkinson
proposed a mathematical function in order to summarise the contribution of both
partners within a particular dyad in proximity maintenance. The use of this index has
proved successful in previous studies of mother-calf relationships in cetaceans (southern
right whales: Thomas and Taber, 1984; bottlenose dolphins: Mann and Smuts, 1998),
and was therefore used in the present study. This function is calculated as follows:
Re - Le
Rm+Rc Lm+Le

Rc = total number of rejoins by the calf.

Rm = total number of rejoins by the mother.

Lc = total number of leaves by the calf.

L.m = total number of leaves by the mother.

For cach calf, the proximity index was calculated and then compared across the three

age groups in order to test hypotheses 20 and 21,

As the amount of time spent away from the mother can be used as a sign of calves’

independence (Mann and Smuts, 1999), the time at which the pair separated, along with
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the time at which they rejoined were recorded for each separation. This then allowed the
calculation of the maximum and average durations of separation, as well as the

proportion of time the calf spent without its mother over the length of the observation.

By comparing these data between the three different age classes, it was possible to
consider whether proximity measures change with calf age. Such data have previously
been used for this purpose in other studies (for example in Taber and Thomas, 1982;

Mann and Smuts, 1998, 1999).

c. Nursing

Due to dolphins’ particular anatomy, especially the fact that females don’t have external
nipples, true cases of nursing observed through transfer of milk from the mother to the
calf prove difficult to witness (Mann, 2000). In the field, nursing can be inferred based
on the calf’s position and behaviour, and refers to the observation of the calf’s rostrum
in contact with the mother’s mammary slit area for longer than two seconds (Mann and
Smuts, 1998) (Plate 11). This definition was used in the present study in order to assess
nursing events. For each calf observed, the occurrence of nursing position was recorded,
and compared between newborns, infants and juveniles in order to investigate

hypothesis 22.

d. Synchrony and dive time

Synchrony between mothers and calves was assessed through their surfacing pattern.
Exact breathing synchrony occurs when the mother and calf break the surface of the
water in perfect unison (Mann and Smuts, 1999). During synchronous breaths, the
members of the pair are typically close and parallel or staggered in position (Mann and
Smuts, 1999). Mothers and calves could also be seen surfacing one right after the other.
This type of surfacing was recorded, but coded separately from synchronous breathing.
Solitary surfacing was taken into account and referred to mothers and calves breaking
the surface of the water for a breath on their own. Mothers’ and calves’ dive times were
also considered in order to investigate potential differences between them, as well as

between the three age classes. In order to answer the different questions relating to
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Plate 11. Common dolphin calf in nursing position.
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synchrony and dive time of mother-calf pairs (hypotheses 23 to 25). the following data
were collected in the tield:

- total number of breaths taken by the calf,

- total number of breaths taken by the mother.

- number of synchronous surfacings,

- number of overlapping surfacings.

- number of overlapping surtacings initiated by the call.

- number of overlapping surfacings initiated by the mother.

- number of calf’s solitary surfacings.

number ot mother’s solitary surfacings. The maximum and average dive times of both

mothers and calves were calculated afterwards.

e. Behaviour towards the bout

In Monkey Mia, where bottienose dolphins are hand fed from the beach. mothers have
been seen herding their newborn calves away from the beach and tourists (Mann and
Smuts. 1999). In another attempt to identify the potential impact of the boat on the
dolphins, any sign of the mother herding her caif away from the boat was recorded. The
minimum distance between the mother-calt pair and the boat was noted and compared
across the three calf age classes (hypothesis 26}. The minimum distance to the boat was

recorded in metres. and was coded as 0 when the pair was bow niding.

1 Allomaternal behaviour

Allomatemal behaviour reters to the association or interaction between calves and non-
mother delphins (Mann and Smuts. 1998). and has been referred as such in many
studies (Quiatt, 1979; Lee, 1987; Fairhanks, 1990; Stanford. 1992; Muroyama, 1994;
Whitehead, 1996). However, such a term implies a benefit for the infant or the mother
and has led Mann and Smuts (1998) to recommend the use of the term “escorting’ when
the existence of such benefit is unknown. In order to investigate whether the occurrence
and frequency of escorting behaviour in common dolphins varies with the age class of
calves (hypothcses 27 and 28), the association of calves with non-mother dolphins was

recorded using all-occurrence sampling. Two types of associations were considered:
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- the calf is separating from the mother to swim rapidly with another adult but
rejoining within a few seconds,

- the calf is seen swimming and surfacing with an adult other than the mother.

When a mother-calf pair was located and followed, particular attention was drawn to the
mother’s dorsal fin as it would allow her identification throughout the encounter. This
also allowed recording the association of the calf with another dolphin. Individual
common dolphins are known to have distinctive and unique colouration patterns on their
dorsal fins (Neumann, 2001). Such colouration and the presence of other markings, such
as nicks and notches, have been widely used to identify individual animals within
different cetacean species (Wiirsig and Jefferson, 1990), and were used to identify the

mother in the present study.

g Association with other mother-calf pairs

Previous studies have shown that bottlenose dolphin mothers and calves are more likely
to associate with other mother-calf pairs and adult females than with any other
individual (Mann and Smuts, 1999). Groups of females only, most of them
accompanied by calves, are usually called ‘nursery groups’. Although Neumann (2001)
described the presence of a postanal hump only observed on adult males, there are no
easily observable differences between male and female common dolphins. Even if the
ventral surface is visible when the animals are leaping out of the water, the male’s
postanal hump is difficult to observe, thus making it difficult to reliably identify nursery
groups. Nevertheless, association patterns between the mother-calf pair under focal
observation and other mother-calf pairs within the group were recorded. For each focal
mother and calf, the presence of other pairs alongside or within a few body lengths was
noted along with their number (Plate 10). Such a pattern was thereafter compared

between the different age groups in order to test hypothesis 29.

h. Foetal folds

Foetal folds are characterised by white lines across the back of dolphin calves (Mann
and Smuts, 1999) (Plate 4). The presence of such lines was recorded for each calf, using

one-zero sampling, as information on the occurrence or non-occurrence of such pattern
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was sufficient in order to investigate differences between age groups. As foetal folds
were observed occasionally on adult sized dolphins, such occurrence was also recorded,
although not included in the comparative analysis as all adult dolphins were not

sampled on this criterion.

6) Data analysis

Once observations are made, the investigation of how they relate to the hypotheses
underlying the study is required in order to answer each specific research question.
Towards that goal, the data collected in the field were analysed using statistical
methods, as they provide relevant mathematical tools to describe, organise, analyse and
interpret empirical data (Martin and Bateson, 1993; Gravetter and Wallnau, 2004).
Because a wide variety of statistical analyses are available, each of them having
different requirements, the choice of a specific test is challenging and must be made
according to the type of data to be analysed. as well as the nature of the research

questions addressed (Harris, 1998).

Depending on the characteristics of the variables studied, two basic types of tests can be

used: parametric and non-parametric tests (Martin and Bateson, 1993; Harris, 1998).

Parametric tests are based on specific assumptions regarding the nature of the

population from which the data are drawn and can only be used if all of the following

conditions are fulfilled (Martin and Bateson, 1993; Harris, 1998):

- normality: the variables studied follow a normal distribution,

- homogeneity of variance: the samples under investigation have approximately equal
variances,

- additivity: the effects of different treatments or conditions are additive,

- level of measurement: the variables considered are measured on an ordinal scale,

- linearity: the associations between the dependent and the independent variables are
linear.

In situations that do not conform to these requirements, non-parametric tests can be

used, as they make fewer assumptions about population distribution and allow the use of

nominal measurements (Harris, 1998). Nonetheless, these tests still require

independence of observations and continuity in the variables studied. Martin and

Bateson (1993) note that such assumptions are usually realistic when working with
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behavioural data. Because of their stronger sensitivity in detecting significant
differences, the use of parametric tests is usually recommended (Harris, 1998; Gravetter
and Wallnau, 2004). However, non-parametric tests are considered to be more robust
and powerful under certain circumstances, due to their lower dependency on various
assumptions (Martin and Bateson, 1993). To investigate whether parametric tests could
be used in the present study, all variables were tested for normality. These tests showed
that none of the variables followed a normal distribution. Further attempts to apply
transformations to the data in order to approximate normality also proved unsuccessful.
As a result, non-parametric tests were systematically used in order to analyse data. The
different observations made in this study are considered to be independent, as each
observed value was generated by a different group (group follows), or a different
mother-calf pair (focal follows). However, it cannot be discounted that some animals
might have been sampled more than once throughout the study period. Nevertheless,
because the circumstances under which they were observed were different from one day
to the other, it is considered that observations were independent from one another.
When multiple groups were encountered on the same day, independence was ensured by
the geographic distance between them. In fact, the distribution of common dolphin
groups and the boat’s search patterns were usually such that the dolphins of a specific

sighting could not have been sampled twice in one day.

In order to choose the appropriate analyses, it is also important to consider how the

different variables should be tested to conclude whether or not the hypothesis under

investigation can be rejected (Harris, 1998). The hypotheses tested in this study

involved the following analyses:

- H; to Hs: analyses of the relationship between environmental variables and group
type (determined by the age class of the youngest member in the group),

- Hy: analysis of the relationship between group size and group type,

- Hs to Hg: analyses of the relationship between behavioural variables and group type,

- Ho and Hjo: analysis of the relationship between time of the year and mating
behaviours,

- Hi to Hyy and Hae to Hao: analyses of the relationship between the age class of
calves and their behaviours,

- Hos analysis of the differences between mothers’ and calves’ dive time.

These hypotheses were investigated by three methods:
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- comparisons of the distribution of a dependent variable across all values of the
independent variable; for example, to investigate whether the distribution of mean
water depths varied according to group type,

- correlation in the distribution of the variables investigated; for example, to
investigate the correlation between mean water depth and group type.,

- comparisons of the mean values of the dependent variable within each independent
variable; for example. to assess the difference in mean water depths between each
group type.

Comparisons of distributions allow the investigation of whether the variations of a

dependent variable are influenced by the values of an independent variable (Maleske,

1995). However, such analysis does not provide any information on the direction of

influence or how the variables are associated. In order to further investigate the

relationships between variables, the use of correlation coefficients appears beneficial as
they enable description to the extent at which two variables vary together (Martin and

Bateson, 1993). Both comparisons of distribution and correlation coefficients remain

general analyses and the potential variation between the values within each independent

variable is not considered. As a consequence, more detailed comparisons, using

significant differences between mean values, were conducted.

Finally, in choosing statistical tests, one also has to consider the scale on which the data

were measured. Four different levels of measurement are usually distinguished (Martin

and Bateson, 1993; Harris, 1998: Gravetter and Wallnau, 2004):

- nominal scale: values are assigned to mutually exclusive, qualitative categories,

- ordinal scale: values are assigned to quantitative categories and organised in ordered
sequences,

- interval scale: values are assigned to quantitative categories, the difference between
two values can be quantified, and the zero point is arbitrary,

- ratio scale: properties of an interval scale with the additional feature of an absolute
Zero point.

In the present study, both nominal and ordinal scales were used. Data relating to the

occurrence versus non-occurrence of a certain event produced values on a nominal scale

and lead to the calculation of proportions; for example, the occurrence of mother-calf

separations. Variables recorded on an ordinal scale resulted in quantitative data for
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which mean values could be obtained; for example, the frequency of mother-calf

separations.

Considering the need for non-parametric tests, the analyses involved in testing the
hypotheses previously stated, and the scale of measurement of both independent and
dependent variables, five different tests were conducted in the present study, using the
statistical software package SPSS: Kruskal-Wallis, Chi-Square for independence,

Spearman rank correlation, Mann-Whitney and binomial tests.

In order to compare the distribution of a dependent variable across all values of an
independent variable, Kruskal-Wallis tests and Chi-Square tests for independence were
used, depending on the scale of measurement of the data. These non-parametric tests
allow the evaluation of differences in the distribution of measurements between more
than two categories of the independent variable (Gravetter and Wallnau, 2004). While
Chi-Square tests for independence are used when the dependent variable is measured on
a nominal scale, Kruskal-Wallis tests are used for dependent variables measured on an
ordinal scale (Gravetter and Wallnau, 2004). Both tests produce a chi-square statistic,
with degrees of freedom defined by the number of categories of the independent
variable minus one in Kruskal-Wallis tests; and by the number of categories of the
independent variable minus one, multiplied by the number of categories of the
dependent variable minus one in Chi-Square tests for independence (Gravetter and
Wallnau, 2004). The Chi-Square statistic is identified using the letter A in Kruskal-
Wallis tests and the symbol X in Chi-Square tests for independence. This statistic is
compared to a critical value set for the level of significance chosen, and p indicates

whether or not H and X” are si gnificant (Gravetter and Wallnau, 2004).

Differences between distributions were further assessed using Spearman rank
correlation test. This test can be used for both ordinal and nominal scales of
measurement. The statistical relationship between two variables is indicated by the
correlation coefficient 7, and is described by two characteristics (Gravetter and Wallnau,
2004):

- direction: a relationship can be either positive or negative, which is specified by the

sign of the correlation (+ or -). A positive relationship means that the two variables
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vary in the same direction. A negative relationship means that the two variables vary
in opposite directions.

- degree: the magnitude of the coefficient indicates the degree to which two variables
are correlated. A coefficient of £ 1.0 indicates a perfect correlation, whereas a
coefficient close to zero shows that there is no association between the two
measures.

While r informs on the direction and strength of the correlation, the p value indicates

whether or not the coefficient found differs significantly from zero (Martin and Bateson,

1993).

Finally, values of the independent variables were compared two by two using Mann-
Whitney tests for ordinal values and binomial tests for nominal values. These tests
enable an evaluation of the difference between two measurements of an independent
variable, whether they consist of means (Mann-Whitney test) or proportions (binomial
test) (Gravetter and Wallnau, 2004). Mann-Whitney tests provide with a U value that
represents the sum of ranks, and binomial tests result in a z value that corresponds to the
standardised difference between two proportions. The p value indicates whether or not
U and z are representative of significant differences between the two measurements
(Gravetter and Wallnau, 2004). A very small value of U, close to zero, gives evidence
that the two samples are very different (Gravetter and Wallnau, 2004). The reverse
statement applies to binomial tests, with z values close to zero representing a lack of

differences between two proportions (Gravetter and Wallnau, 2004).

In hypothesis testing, statistical tests are used to determine whether or not a null
hypothesis can be rejected. In this process, two types of errors referred to as Type I and
Type II errors, can be made and need to be considered (Martin and Bateson, 1993; Bart
et al., 1998; Gravetter and Wallnau, 2004). Type I error refers to rejecting a true null
hypothesis. It can be minimised by using a low alpha level, which corresponds to the
maximum probability of committing such error (Martin and Bateson, 1993; Bart ef al.,
1998; Gravetter and Wallnau, 2004). For all tests used in this study, the level of
statistical significance was set for a=0.05, as it has been identified as an appropriate
value to reduce Type I error (Bart et al., 1998; Gravetter and Wallnau, 2004; StatSoft

Inc., 2004) and represents the most widely used value in the study of behaviour (Martin
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and Bateson, 1993). When the results of the statistical analyses were significant for a

lower alpha level (0.01), such value was reported.

Type II error is closely related to the power of a statistical test to correctly reject a false
null hypothesis. In fact, Type II error corresponds to the failure to accept the test
hypothesis when the null hypothesis is false and is represented by the symbol 3 (Martin
and Bateson, 1993; Bart ef al., 1998; Gravetter and Wallnau, 2004). This type of error
can be minimised in two ways. Firstly, the characteristics of both the data to be analysed
and the hypotheses to be tested need to be considered in order to select the most
appropriate statistical tests (Martin and Bateson, 1993). This procedure was completed
in this study and has been described in the preceding paragraphs. Secondly, the use of
large samples will increase the power of a test and therefore reduce Type II error (Bart
et al., 1998; Gravetter and Wallnau, 2004; StatSoft Inc., 2004). Large samples may be
especially challenging to obtain when working with wild animals such as dolphins.
Some mathematical formulas have been created in order to calculate the sample size
necessary to answer a specific question (Bart er al., 1998; StatSoft Inc., 2004).
However, these methods require making estimates of unknown population parameters,
such as the difference expected between two variables under investigation (Bart et al.,
1998). For example, calculating the sample size required to compare the behaviour of
calves of different age classes would have involved making assumptions on the
differences between them, which did not appear appropriate. In this study, the sample
size used for each analysis was reported with each of the results obtained and taken into
account in their interpretation. When the sample size was not considered to be
representative of the population studied, mention was made and the results of the

statistical analyses disregarded.

All studies contain a certain level of sampling errors as a sample is very unlikely to
provide a perfect estimation of the population it represents (StatSoft Inc., 2004).
However, these errors must be minimised. Type I and Type II errors were considered in
this study and different means were used to reduce their potential occurrence.

A procedure identified to improve the interpretation of the results of hypothesis testing
is the calculation of confidence intervals (StatSoft Inc., 2004). Such calculation provides
information about the precision of the data, as it gives a degree of confidence for each

estimates obtained (Bart et al., 1998; StatSoft Inc, 2004). For each of the values of the
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different independent variables tested in the present study, confidence intervals were
calculated using the most common level of 95%, therefore indicating the interval having
a 95% probability of including the mean (Bart et al., 1998; Harris, 1998). Depending on
the type of data for which confidence intervals are calculated, different formulas are
available (Bart et al.. 1998). For continuous data such as water depth of water
temperature, confidence intervals were calculated using the normal distribution formula.
For counts, such as the number of dolphins per group, confidence intervals were
calculated using the Poisson distribution formula. Because such a formula is not
symmetrical, the lower and upper values of the confidence interval around the sample
mean may not be of equivalent distance. For percentages, confidence intervals were
calculated using the binomial distribution. Confidence intervals were presented as raw

values in result tables and as vertical bars within graphs.

7) Summary

A wide range of data was collected in the field in order to investigate the several
hypotheses addressed in this study. Group follows allowed to gather the necessary
information in order to test hypotheses relating to group type and mating season. They
involved the collection of data on group size, on the presence of different age classes
within groups of common dolphins, on behavioural states and events, on the behaviour
of dolphins towards the boat, and on their association with other species. Hypotheses on
calf behavioural development and mother-calf relationships were analysed using data
recorded during focal mother-calf pair follows. They included information on the
calves’ swimming position, on proximity and separations between mothers and calves,
on nursing events, on breathing synchrony and dive time, on the behaviour of mother-
calf pairs towards the boat, on the association with other mother-calf pairs, and on the
presence of foetal folds. Within each of these follow protocols, the nature of the data
that needed to be collected was considered, along with the different sampling techniques
available, and lead to the selection of a variety of methods, including continuous
sampling, one-zero sampling, all-occurrence sampling, Ad Libitum sampling, and focal
group sampling. The same approach was used in order to accurately choose the
statistical analyses conducted on the data. All of the methods used in the present project
are widely accepted in the field of study of animal behaviour and have been used in the

same manner in previous studies of different cetacean species.
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Chapter 4: RESULTS

1) Introduction

This chapter summarises the results of the statistical analyses conducted on the
empirical data collected in the field (Figure 8). Each result is presented in relation to the
corresponding hypothesis it aimed to test. The data used for each of these analyses is
summarised in graphs and tables, which are included in the relevant paragraphs of this
chapter. Observations resulting from Ad Libitum sampling are also used to illustrate the

mathematical results.

In the first section of this chapter, the time spent on the field and details on the data
collected during that time are described. Using descriptive statistics, the characteristics
of common dolphin groups encountered throughout the study are then presented. The
following sections relate directly to the results of the different analyses conducted for
each group of hypotheses. These begin with an investigation of the influence of
environmental variables, namely water depth, water temperature and season, on group
type. The influence of group size on group type is then considered. The influence of
group type on different aspects of common dolphins’ behaviour is then assessed, and
focus is more specifically made on behavioural activity state, on the association with
other species and on the reaction to the boat. The potential existence of a mating season
within the population of common dolphins studied is then discussed. The last sections
of this chapter refer to the behavioural development of calves and mother-calf
relationships. Hypotheses relating to changes in separation patterns, mother-calf
proximity, nursing occurrence, breathing patterns, dive time, distance to the boat, with
the age class of calves are investigated. The results of the analyses regarding escorting
behaviour and grouping patterns are then described, followed by some observations of
other traits characteristic of common dolphin calves. Finally, the results of the analyses

conducted in this study are summarised.
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2) Field effort

From the 18" of January 2003 to the 29" of February 2004, 221 trips were conducted
onboard ‘Dolphin Explorer’, representing a total of 1,105 hours spent on effort (Table
1). Common dolphins were sighted on 185 of these trips, and a total of 348 groups were
encountered. In some cases, the small amount of time spent with groups of dolphins, the
large distances kept between the animals and the boat, as well as weather conditions
limiting visibility precluded the accurate assessment of group type. As a result, those
groups for which the presence or absence of calves could not be investigated were
excluded from the data set. Focal group follows were conducted on 320 groups of
common dolphins, resulting in 131 hours and 46 minutes of observations (Table 2). The
mean duration of group follows was 24.78 minutes (SD=18.363 minutes, ranging from
one minute to 140 minutes). Within these groups, observations of 311 mother-calf pairs
yielded two hours, 56 minutes and 18 seconds of focal follows. A total of 35 focal
follows were conducted on mothers and newborn calves, 136 on mothers and infants,
and 140 on mothers and juveniles. The mean duration of focal follows was 1.84 minutes

(SD=1.811 minutes, ranging from 0.233 minutes to 8.46 minutes).

3) Group composition

Of the 320 groups of dolphins encountered in this study, the size category of the
smallest calf could be determined for 245 groups. Newborns represented the youngest
individual in 41 groups (16.7%), infants in 100 groups (40.8%), and juveniles in 48
groups (19.6%). 56 groups were composed of only adults (22.9%) (Graph 1). Including
the 75 groups for which the categorisation of the smallest calf was not possible but
presence of calves could however be confirmed, a total of 184 groups with calves

(82.5%) and 56 groups without calves (17.5%) were sighted.

The overall number of calves in each group ranged from zero to 12 with a mean of 3.68
per sighting (SD=2.656, n=180). Observations of high numbers of calves were rare and
groups of common dolphins usually contained only one or two calves (Graph 2). The
number of newborns in each group ranged from zero to four with a mean of 1.44 per

sighting (SD=0.634, n=41). The number of infants in each group ranged from zero to
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Dolphin Explorer trips
Trips with researcher onboard

Trips with researcher onboard
and common dolphins sighted

Dolphin Explorer trips
Trips with researcher onboard

Trips with researcher onboard
and common dolphins sighted

JAN 03 FEB
10 18

8 (80%) 12 (66.67%)

8 10
OCT NOV
21 20

19 (90.47%) 19 (95%)

19 12

MAR APR
20 26

19 (95%) 20 (76.92%)
16 15

DEC JAN 04

23 23

23 (100%) 23 (100%)

17 20

MAY
20
13 (65%)

10

FEB
13
13 (100%)

11

JUN
20
13 (65%)

11

TOTAL
266
221 (83.08%)

185

Table 1. Summary of the research effort throughout the study period.

JUL
20
13 (65%)

13

AUG
18
14 (77.78%)

14

SEP
14
12 (85.71%)
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Total number of groups
encountered

Number of group follows

Length of group follows

Number of focal follows

Length of focal follows

Total number of groups
encountered

Number of group follows

Duration of group follows

Number of focal follows

Duration of focal follows

JAN 03

11

9 (81.81%)

4h55min

OCT

40

39 (97.5%)

15h04min

33

42min59sec

FEB

24

24 (100%)

8h03min

25

NOV

12

7(58.33%)

3h20min

8

6min02sec

MAR

33

32 (96.96%)

12h48min

25

DEC

338

32 (96.96%)

9h28min

37

APR

21

19 (90.47%)

11h

40

16min38sec

JAN 04

37

36 (97.3%)

11h48min

22

MAY

23

20 (86.95%)

9h11min

24

16min48sec

FEB

22

20 (90.90%)

8h26min

26

18min08sec 23min32sec 6min30sec

JUN JUL AUG SEP

21 25 34 12

18 (85.71%) 23 (92%) 31(91.17%) 10 (83.33%)
9h39min 13h47min 10h36min 3h41min
14 24 22 6
23mind4sec 8min55sec  7min53sec  5min09sec
TOTAL

348

320 (91.95%)

131h46min

311

2h56min18sec

Table 2. Summary of groups encountered and follows conducted throughout the study period.
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six with a mean of 2.08 per sighting (SD=2.08, n=130). The number of juveniles in each
group ranged from zero to five with a mean of 1.93 per sighting (SD=1.93, n=136).

4) Influence of environmental variables on group type

4.1. Water depth

The water depths at which common dolphins were found ranged from 8.5 to 54.3

metres, with a mean of 39.68 metres (SD=7.45m). The mean water depth was calculated

for each group type and the following results were obtained (Graph 3):

- youngest member of the group was a newborn: mean water depth was 36.7 metres
(ranging from 8.5m to 51.4m, SD=9.98m, n=40),

- youngest member of the group was an infant: mean water depth was 40.5 metres
(ranging from 11.6m to 51.8m, SD=7.42m, n=99),

- youngest member of the group was a juvenile: mean water depth was 39.5 metres
(ranging from 20.9m to 50.7m, SD=6.94m, n=48),

- groups composed of adults only: mean water depth was 39.7 metres (ranging from

25.3m to 54m, SD=6.38m, n=56).

The distribution of mean water depth did not appear to vary according to group type
(H=5.945, df=3, p>0.05; r=0.014, n=243, p>0.05). Therefore, hypothesis 1 ‘Group type

is affected by water depth’ cannot be accepted.

However, because of the difference in mean water depths between group type 1
(newborn) and the other group types (Graph 3), Mann-Whitney tests were performed
between groups. These tests revealed a statistically significant difference between group
type 1 (newborn) and group type 2 (infant) (U=1505.5, p<0.05). Groups of common
dolphins in which the youngest member was a newborn were found in significantly

shallower waters than groups for which the youngest member was an infant.

Comparative boxplots of the distribution of water depths according to group type also
shows that only groups with newborns or infants occurred in water depths under 20
metres (Graph 4). This observation was tested statistically (Table 3). A Chi-Square test

for independence found a significant difference in the distribution of common dolphin
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Occurrence in water depths
Group type under 20 metres
Newborn Mean 8
n 40
SD 0.267
Lower confidence interval 1.57
Upper confidence interval 20.39
Infant Mean 2
n 99
SD 0.141
Lower confidence interval 0.25
Upper confidence interval 711
Juvenile Mean 0
n 48
SD 0
Lower confidence interval 0
Upper confidence interval 7.397
Adult Mean 0
n 56
SD 0
Lower confidence interval 0
Upper confidence interval 6.375

Table 3. Occurrence of common dolphin groups under 20 metres of depth as a
percentage of total observations for each group type.
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groups under depths of 20 metres according to group type (X*=8.065, df=3, p<0.05).
Although not very strong, the negative correlation coefficient gives an indication on the
direction of the relationship between the two variables (r=-0.160, n=243, p<0.05), with
a decreasing tendency of occurrence in waters shallower than 20 metres as the age class
of the youngest calf in the group increases. Due to small sample size, differences

between group types could not be tested.

4.2. Water temperature

The water temperature in which common dolphins were found ranged from 13.4 to

24.5°C, with a mean of 18.7°C (SD=2.94°C). The mean water temperature was

calculated for each group type and resulted in the following (Graph 5):

- youngest member of the group was a newborn: mean water temperature was 20.2°C
(ranging from 14°C to 23.7°C, SD=2.17°C, n=40),

- youngest member of the group was an infant: mean water temperature was 18.1°C
(ranging from 13.4°C to 23.7°C, SD=3.01°C, n=92),

- youngest member of the group was a juvenile: mean water temperature was 19.2°C
(ranging from 14.1°C to 23.3°C, SD=2.53°C, n=44),

- groups composed of adults only: mean water temperature was 17.7°C (ranging from

13.5°C 1o 22.6°C, 8D=3.03°C, n=56).

The difference in mean water temperatures across group types was significant
(H=20.492, df=3, p<0.01). The Spearman rank correlation coefficient of -0,170 (n=232,
p<0.05) indicates that as the age class of the youngest member of the group increases,
the mean water temperature tends to decrease. Mean water temperatures were
significantly higher for groups with newborns than for groups with infants (U=1107.5,
p<0.01) or with adults only (U=625, p<0.01). The difference between groups with
newborns and groups with juveniles was only significant for a level of significance of
a=0.10 (U=691, p>0.05). Considering these results, test hypothesis 2 ‘Group type is

affected by water temperature’ can be accepted.
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4.3. Season

Whether they contained newborns, infants, or juveniles, groups of common dolphins
with calves were encountered in all seasons. It seems likely that some births do take
place during winter, as newborn calves were sighted during that season. Nevertheless,
the different types of common dolphin groups did not appear to be observed at the same
rate year-round, which is suggestive of breeding seasonality for the species. These
observations were tested statistically by comparing the percentage of occurrence of the
four group types against the time of the year. The distribution of the different group
types was found to vary significantly across months (X?=73.197, df=33, p<0.01), as
well as across seasons (X?*=22.282, df=9, p<0.01). In order to further investigate these
patterns, the percentage of observations of each group type was calculated and

compared across months as well as seasons.

Chi-Square tests for independence indicated that the occurrence of group type 1
(newborn) varied significantly with the time of the year, whether coded in months
(X?*=43.944, df=11, p<0.01) (Graph 6) or in seasons (X?>=12.347, df=3, p<0.01) (Graph
7). Binomial tests were used to compare seasons more specifically. There were
significantly more groups with newborn calves sighted in summer and spring than in
winter (between summer and winter: z=3.18, p<0.01; between spring and winter: z=-
3.08, p<0.01), which is likely to be due to the peaks observed in December and January
(Graph 6). The same significant pattern was found for the distribution of the mean
number of newborns sighted per season (H=12.084, df=3, p<0.01), between summer
and winter (U=1897, p<0.01), and between spring and winter (U=1516, p<0.01) (Table
4).

The percentage of observations of group type 2 (infant) did not vary according to the
month of the year (X?>=18.244, df=11, p>0.05) (Graph 8), or according to the season
(X?*=5.460, df=3, p>0.05) (Graph 9). The distribution of the mean number of infants
sighted across seasons was not significant either (H=0.409, df=3, p>0.05) (Table 4).

Chi-Square tests for independence did not show any significant differences in the
distribution of observations of group type 3 (juvenile) according to months (X?=13.990,

df=11, p>0.05) (Graph 10) or seasons (X?>=5.185, df=3, p>0.05) (Graph 11).
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Summer Autumn Winter Spring
Calf age class
Newborn Mean 0.29 0.16 0.04 0.4
n 83 44 56 68
SD 5.595 0.479 0.187 0.792
Lower confidence interval 0.2 0.07 0.01 0.26
Upper confidence interval 0.43 0.33 0.13 0.56
Infant Mean 1.14 1.2 1.14 1.0625
n a7 42 56 64
SD 1.493 1.353 1.445 1.296
Lower confidence interval 0.93 0.92 0.9 0.84
Upper confidence interval 1.41 1.6 1.46 1.35
Juvenile Mean 1.23 1.45 0.72 1.0625
n 75 44 54 64
SD 1.290 1.547 1.089 1.180
Lower confidence interval 1 1.14 0.53 0.84
Upper confidence interval 1.5 1.86 0.99 1.35

Table 4. Mean number of newborn, infant and juvenile common dolphins sighted per season.
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Nevertheless, groups with juveniles occurred more frequently in summer than in winter
(z=2.20, p<0.05). There was a significant difference in the mean number of juveniles
sighted according to seasons (H=9.107, df=3, p<0.05), with higher numbers sighted in
summer and autumn than in winter (between summer and winter: U=1492, p<0.01;

between autumn and winter: U=861, p<0.05) (Table 4).

There was no significant difference in the percentage of observations of group type 4
(adult) according to the time of the year in months (X*=18.874, df=11, p>0.05) (Graph
12) or in seasons (X?=5.965, df=3, p>0.05) (Graph 13). The winter peak observed on
graph 13 lead to a binomial comparison between winter and autumn which proved to be
significant (z=-2.43, p<0.05). Groups without calves are therefore more likely to be

sighted in winter than in autumn.

Because only group type 1 (newborn) varied significantly across months and seasons,
we cannot accept hypothesis 3 “Group type is affected by the time of the year’.
Nevertheless, a more specific hypothesis, such as ‘Time of year influences the frequency

of observation of groups in which the youngest calf was a newborn’ can be accepted.

Because the potential influence of months and seasons on the occurrence of different
group types could have been related to sea surface temperature, the latter was tested
against time of the year. Water temperature varies significantly across months
(H=261.384, df=11, p<0.01) and seasons (H=217.635, p<0.01). Graphs 14 to 17 provide
an overview of the inter-relationships between these three variables. Sightings of groups
with newborns proved to be the highest in spring and summer, which also corresponded
to the seasons of highest water temperatures. Their occurrence appeared to be the lowest
during the cold months of winter. No significant pattern can be observed for groups
with infants, which is consistent with the fact that their occurrence did not seem to vary
seasonally. The occurrence of groups with juveniles showed a similar pattern to that of
groups with newborns, as they were observed more frequently during the season of
warmest water temperatures (summer) and were less likely to be encountered during the
season of coldest water temperatures (winter). In contrast, groups containing only adults
showed higher occurrence during the coldest season of the year. It therefore seems
likely that the influence of season on the occurrence of the different group types is

mediated by the seasonal variations in sea surface temperature.
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5) Influence of group size on group type

Common dolphin groups of a wide range of sizes were encountered throughout the
study, and numbers varied from only two individuals up to approximately 450 animals.
When large aggregations were sighted, dolphins were often seen travelling at high speed
with many members of the group leaping out of the water. Both extremes of the range
were rarely observed and groups usually contained around 30 dolphins (mean=33.1,
SD=35.81). In order to assess the potential effect of group size on the presence of calves
of different age classes, variations in group size were investigated across the four group

types (newborn, infant, juvenile, adult).

Mean group size was calculated using the mid-point of the group size category recorded
for each encounter. As groups over 100 individuals (group size category 6) were mostly
made of 150 common dolphins, this value was used in the calculation of mean group
size. Graph 18 illustrates that mean group size tends to decrease as the age class of the
youngest member of the group increases. These two variables proved to be negatively
correlated (r=-0.306, n=242, p<0.01), and a significant difference was found in the
distribution of group size according to group type (H= 25.460, df=3, p<0.01). Groups
were significantly smaller when composed of adults only (between adult and newborn:
U= 482.5, p<0.01; between adult and infant: U=1961.5, p<0.01; between adult and
juvenile: U=949.5, p<0.05). and significantly larger when the youngest member of the
group was a newborn (between newborn and infant: U=1402, p<0.01; between newborn
and juvenile: U=640, p<0.05). As a result, hypothesis 4 ‘Group type is affected by

group size’ can be accepted.

6) Influence of group type on the behaviour of common dolphins

6.1. Behavioural state

Out of the five behavioural states identified in this study, feeding was more frequently
observed than any other activity with an occurrence of 44% of all encounters (difference
between feeding and travelling: z=6.26, p<0.01; between feeding and milling, z=5.71,
p<0.01; between feeding and socialising: z=11.65, p<0.01; feeding and resting:
z=10.06, p<0.01). Feeding usually involved high levels of surface activity, with
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dolphins swimming in fast circular movements, most often in association with diving
birds, and sometimes with baleen whales, usually Bryde’s whales, lunge feeding in
close proximity. All age groups were observed actively involved in feeding activities,
and on many occasions, newborn calves were seen leaping underneath the diving birds

and participating in circling a school of fish along with other individuals.

The potential influence of the age class of the youngest member of common dolphin
groups on the occurrence of different behavioural states was assessed by comparing the
distribution of these two variables. The Chi-Square test for independence and the
correlation test used towards that goal failed to find a significant difference (X*=9.323,
df=12, p>0.05) or correlation (r=0.024, n=245, p>0.05) between them. In order to test
each of the five behavioural states individually, the occurrence of feeding, travelling,
milling, resting and socialising was calculated as a percentage of total observations

(Graphs 19 to 23), and compared across group types.

The occurrence of feeding behaviour was not significantly different according to group
type (X?=0.445, df=3, p>0.05). The age class of the youngest member of the group did
not seem to influence the distribution of any other behavioural states either, as the
percentage of observations for each of them didn’t prove to vary significantly across the
different group types (travelling: X*=2.857, df=3, p>0.05; milling: X*=2.150, df=3.
p>0.05; socialising: X?=3.241, df=3, p>0.05; resting: X*=2.302, df=3, p>0.05).
Therefore, hypothesis 5 ‘Common dolphins activity state is affected by group type’

cannot be accepted.

6.2. Association with other species

For the present study, it was hypothesised that the association of common dolphins with
other animal species would be affected by group type. The observations made in the
field do not tend to support this statement, as the frequency of observations of such
associations did not vary significantly according to group type (X*>=5.606, df=3, p>0.05;
r=-0.034, n=244, p>0.05) (Graph 24). The peak that can be observed in the percentage
of association for group type 3 (juvenile) resulted in a significant difference with group
type 4 (adult) (z=2.43, p<0.05), and groups with juveniles were more likely to be seen

associated with other species than groups only containing adult individuals.
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The three different patterns of association were also investigated (Graphs 25 to 27). The
percentage of observations of association with birds and whales did not appear to vary
according to the age class of the youngest member of the group (X*=5.471, df=3,
p>0.05; r=0.049, n=244, p>0.05). Nevertheless, associations with birds and whales was
significantly less frequent for groups with newborns, than for groups with infants (z=-
2.92, p<0.05) or with juveniles (z=-2.11, p<0.05). As for the associations with birds
only, and with whales only, they both appeared to vary independently from the
influence of group type (birds only: X?>=7.726, df=3, p>0.05; r=-0.082, n=244, p>0.05;
whales only: X?=1.423, df=3, p>0.05; r=0.042, n=244, p>0.05). Binomial tests were
used in order to assess the two peaks in the percentage of observations of association
with birds only for group type 1 (newborn) and 3 (juvenile). Both were significantly
higher than the percentage obtained for groups containing only adults (between group
type 1 and 4: z=2.16, p<0.05; between group type 3 and 4: z=2.25, p<0.05). Association
with birds only occurred more frequently when the youngest member of the group was

either a newborn or a juvenile, than when the groups were composed of adults only.

Although some significant variations were found between certain group types, the
results of the Chi-Square tests for independence and of the Spearman rank correlation
tests tend to show that the variations in association with other species are not related to
the age class of the youngest member of the group. Therefore, hypothesis 6 ‘The
association of common dolphins with other species is affected by group type’ cannot be

accepted.

6.3. Reaction to the boat

- Reaction of groups to the boat

Common dolphins reacted to the approach of the boat (‘Dolphin Explorer’) by riding
the bow wave of the vessel in 66% of all encounters. Therefore, the minimum distance
to the boat was likely to be less than one metre. Even though dolphins were generally
attracted to the boat, they also proved to sometimes show no distinctive changes in their
behaviour. This lack of reaction was most commonly observed when the dolphins were

feeding. Observed avoidance of the boat was rare and was only seen on four occasions.
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Both the reaction of the dolphins to the boat and the minimum distance between the

animals and the vessel were compared across the different group types encountered.

The behavioural reaction of common dolphins towards the approach of the boat did not
vary (X*=4.112, df=6, p>0.05); neither was it correlated (r=-0.028, n=213, p>0.05) with
group type. Each of the three possible reactions (attraction, neutral, and avoidance) was
also tested independently and their occurrence for each group type is summarised in
graphs 28 to 30. Avoidance did not vary according to group type (X*=2.430, df=3,
p>0.05). The dolphins did not show any obvious reaction to the boat in 33% of all
encounters, and the occurrence of such a response was not significantly different across
the different group types (X°=1.804, df=3, p>0.05). Finally, the percentage of
observations of attraction was the highest of all reactions (66%) and did not vary
according to whether the youngest member of the group was a newborn, an infant, a

juvenile or whether groups only contained adult individuals (X>=1.480, df=3, p>0.05).

As the results of the analyses show that occurrence of avoidance, attraction or neutral
behaviour towards the boat was not affected by the age class of the youngest member of
the group, hypothesis 7 ‘The reaction of the dolphins to the approach of the boat is
affected by group type’ cannot be accepted.

The mean minimum distance to the boat was calculated for each group type, and as
shown by graph 31, averaged less than one metre for all group types. The slight
variations between the different groups did not result in significant differences
(H=4.685, df=3, p>0.05). The age class of the youngest member of the group did not
influence the distance at which the dolphins would approach the boat, and as a
consequence, hypothesis 8 The minimum distance between the dolphins and the boat is

affected by group type’ cannot be accepted.

- Reaction of mother-calf pairs to the boat

On two separate occasions, the presumed mothers of two infants appeared to herd their
calves away from the boat. In both cases, the infants were approaching the back of the
boat on their own when the presumed mothers interposed themselves between the boat

and the calves, and chased them away from the vessel. One of these chases involved a
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bite attempt from the presumed mother towards the infant. Besides these two events,
many mother-calf pairs did initiate close approaches to the boat, at distances that
allowed to conduct focal follows, without any specific reaction. Nevertheless, it seemed
that mother-calf pairs only came to the bow for short periods of time and would spend
less time bow riding than other individuals in the group. The potential influence of calf
age class on the minimum distance between mother-calf pairs and the boat was

investigated statistically.

The mean minimum distance between mother-calf pairs and the boat was calculated for
each calf age class, and resulted in the greatest distance for newborn calves (Graph 32).
The apparent decrease with age class revealed by the graph was statistically confirmed
(H=6.623, df=2, p<0.05; r=-0.195, n=279, p<0.01). The mean minimum distance to the
boat was significantly higher for newborns than for juveniles (U=1512, p<0.05). From
these results, it appears that the distance at which mother-calf pairs approached the boat
was dependent on the age class of the calf, and that mothers were more likely to
approach at closer distances with older aged calves. Therefore, hypothesis 26 ‘The age
class of calves affects the minimum distance between mother-calf pairs and the boat®

can be accepted.

7) Mating season

The potential existence of a mating season within the population of common dolphins
studied was investigated by comparing the distribution of mating behaviours across
months and seasons. Due to small sample sizes for each of the behaviours recorded, the
frequency of mating behaviours could not be calculated. For the same reason, the
occurrence of mating behaviours could not be tested individually and were therefore
grouped in two categories based on whether they involved genital contact or not. This
categorisation was based on the demonstration that variation in behaviours involving
genital contact are more likely to be related to sexual hormone changes than behaviours

that do not involve genital contact (Wells, 1984).

The percentage of observations of mating behaviours as a whole, showed seasonal
variations that, although were not significant across months (X?*=18.807; df=11;

p>0.05), proved to be significant across seasons (X*<=8.867, df=3, p<0.05)
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(Graphs 33 and 34). Observations of mating behaviours peaked in April, a second
moderate increase occurred in October and November, and observations were the lowest
from July to September, which corresponds to winter. Further analysis of these patterns
was conducted using the distribution of mating behaviours between seasons. The
percentage of observations of mating behaviours was found to be lower in winter than in
any other season (between winter and summer: z=2.67, p<0.01; between winter and
autumn: z=3.08, p<0.01; between winter and spring: z=2.16, p<0.05). The differences
between other seasons did not appear to be statistically significant. Mating behaviours

were observed less often in winter than in any other season.

The variations in the percentage of observations of mating behaviours involving genital
contact followed a similar pattern to that of mating behaviours considered as a whole,
with a peak in April as well as in October and November. Although these variations did
not result in significant differences across months (X?><19.418, df=11, p>0.05) (Graph
35), the percentage of observations of mating behaviours involving genital contact
varied significantly across seasons (X?=9.627, df=3, p<0.05) (Graph 36). Binomial tests
revealed that mating behaviours with genital contact were less frequently observed in
winter than in any other season (between summer and winter: z=1.98, p<0.05; between

autumn and winter: z=3.05; p<0.01; between spring and winter: z=-2.81, p<0.01).

The percentage of observations of mating behaviours not involving genital contact did
not appear to vary according to the time of the year, whether coded in months
(X2=10.905, df=11, p>0.05) (Graph 37) or in seasons (X*=5.964, df=3, p>0.05) (Graph
38). However, observations of mating behaviours without genital contact appeared to be

higher in summer than in winter (z=2.09; p<0.05).

As the occurrence of mating behaviours as a whole and the occurrence of mating
behaviours involving genital contact have proved to vary according to seasons,
hypothesis 9 ‘The occurrence of behaviours related to mating is affected by the time of
the year’ can be accepted. The data collected in this study did not allow the
investigation of hypothesis 10 ‘The frequency of behaviours related to mating is

affected by the time of the year’.
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8) Behavioural development of common dolphin calves

8.1. Swimming position

In most mother-calf pairs sighted in this study, calves were swimming in ‘echelon
position’. Whether contact was made with the mother while swimming in this position
was hard to establish, but newborns generally swam in very close proximity to their
presumed mothers. On one occasion, an infant was clearly seen swimming in contact
with an adult dolphin assumed to be its mother, with its back against hers, possibly
supporting the calf. As for ‘infant position’, observations were less frequent. In order to
investigate the variations in calves’ swimming position across the different age classes,
the occurrence of ‘echelon position’ and ‘infant position’ swimming was calculated as a
percentage of total observations for newborns, infants, and juveniles (Graphs 39 and
40), and compared across the three age classes. The mean proportion of time spent in
each position was also calculated for each age class (Graphs 41 and 42), and compared

across the three age classes.

The occurrence of ‘echelon position” swimming appeared to decrease significantly as
calves’ age class increased (X?=29.922, df=2, p<0.01; r=-0.317, n=275, p<0.01), with
observations of ‘echelon position” being more frequent for newborns and infants than
for juveniles (difference between newborns and juveniles: z=4.72, p<0.01; difference
between infants and juveniles: z=5.23, p<0.01) (Graph 39). ‘Echelon position’ was
therefore less likely to be observed with older aged calves. The slight increase in
observations of ‘infant position’ swimming with calf age class did not yield any
significant results at the level of significance of a=0.05 (X*=4.713, df=2, p>0.05;
r=0.112, n=275, p>0.05), but did at the 0.10 level (Graph 40). Nevertheless, the
percentage of observations of ‘infant position’ swimming did show a significant
increase between infants and juveniles (z=-2.19, p<0.05), and, even though no definite
conclusions can be drawn on the overall variation of occurrence of ‘infant position’ with
age class, it appears that such a swimming position is more likely to be observed in

juveniles than in infants.

As the likelihood of observing ‘echelon position’ decreased across age classes,

hypothesis 11 ‘The age class of calves affects the occurrence of ‘echelon position’ e
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swimming’ can be accepted. Although the results obtained tend to show that the
occurrence of ‘infant position” decreases across ages classes, this pattern remains to be
confirmed and hypothesis 12 ‘The age class of calves affects the occurrence of ‘infant

position’ swimming® cannot be accepted.

Calves of all age classes spent more time swimming in ‘echelon position’ than in ‘infant
position” with their mothers (U=3176.5, p<0.01). The variations that can be observed on
the graphs (Graphs 41 and 42) are very similar to the ones found for the occurrence of
each swimming position, with a decreasing trend for ‘echelon position’ swimming and
an increasing trend for ‘infant position’ swimming with age class. The decrease in the
mean percentage of time spent in ‘echelon position’ was statistically significant
(H=50.134, df=2, p<0.01; r=-0.593, n=140, p<0.01). Further assessment of the potential
differences between each age class was conducted. Newborns and infants spent
significantly more time in ‘echelon position’ with their mother than juvenile common
dolphins did (difference between newborns and juveniles: U=115, p<0.01; difference
between infants and juveniles: U=700, p<0.01). The variations in the mean percentage
of time spent in ‘infant position” did not prove to be significant (H=0.725, df=2, p>0.05;
1=0.025, n=140, p>0.05).

In view of the results obtained here, hypothesis 13 ‘The age class of the calves affects
the percentage of time spent in echelon position’ can be accepted. The decrease in the
mean percentage of time spent in ‘infant position’ across the age categories was not
found to be statistically significant, and therefore hypothesis 14 *The age class of the

calves affecst the percentage of time spent in infant position’ cannot be accepted.

8.2. Separations

- Occurrence and frequency

The influence of calf age class on separations between mothers and calves was first

assessed by considering their occurrence and frequency.

The occurrence of separations showed a linear increase with calf age class (Graph 43),

and statistical analysis confirmed this observation (X?>=53.105, df=2, p<0.01; r=0.515,
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n=198, p<0.01). Frequencies were calculated per five-minute interval in order to
facilitate data analysis. An analysis of the mean frequency of separations showed a
similar pattern (Graph 44). Mother-calf separations were more frequent with older aged

calves (H=33.448, df=2, p<0.01; r=0.543, n=110, p<0.01).

As a consequence of these results, hypothesis 15 ‘The age class of calves affects the
occurrence of separations between mothers and calves’ and hypothesis 16 ‘The age
class of calves affects the frequency of separations between mothers and calves’ can be
accepted. Mother-calf separations were more likely to be observed and occurred more

frequently with common dolphin calves of older age classes.

- Duration of separation

The maximum length of time for which a mother-calf pair was separated was
considered in order to test the influence of calf age class. Using the average duration of
separation would have involved the calculation of the mean of an already averaged
value, which represents a non-valid procedure in statistics (Gravetter and Wallnau,
2004). The mean maximum duration of separation was therefore calculated for

newborns, infants, and juveniles (Graph 45), and compared across the three age classes.

The mean maximum duration of separation between mothers and calves was found to
vary significantly according to the age class of calves (H=27.670, df=2, p<0.01).
Correlation was also significant, with a coefficient of 0.501 (n=109, p<0.01). These
results lead to the conclusion that the maximum length of time a calf spends away from
its mother increases with age class. Therefore, hypothesis 17 ‘The age class of calves

affects the duration of mother-calf separations’ can be accepted.

In order to investigate whether calves spent more time away from their mother with age,
the mean percentage of time spent without her was calculated for each calf type (Graph
46) and compared across all age classes. The comparison of the variations of both
variables showed a significant difference between them (H=46.132, df=2, p<0.01). The
direction of the relationship was tested using Spearman rank correlation coefficient,

which showed that the two variables vary together (r=0.571, n=140, p<0.01). These
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analyses lead to the conclusion that the mean percentage of time calves spent without
their mothers increases with the age class of the calves considered. In light of these
results, hypothesis 18 ‘The age class of calves affects the percentage of time spent
without the mother’ can be accepted. Older calves spend more time away from their

mother than young calves do.

- Distance of separation

For the same reason as described above, the mean maximum distance of separation,
rather than the mean average distance, was used in the analysis of influence of calf age
class on the distance of mother-calf separations. This distance was calculated for each

calf class.

Graph 47 shows a linear increase in the mean value of the maximum distance of
separation with the age class of calves. Such variation in the distribution of mean
maximum distance of separation according to calf age class proved to be statistically
significant (H=45.888, df=2, p<0.01). The analysis of the correlation between the two
variables also confirmed statistically the observation of the graph: as the age class of the
calves increases, the mean maximum distance of separation increases as well (r=0.553,
n=151, p<0.01). Older calves tend to separate over greater distances than younger
calves do. Therefore, hypothesis 19 ‘The age class of calves affects the distance of

mother-calf separations’ can be accepted.

8.3. Proximity

In the present study, responsibility of both mothers and calves in maintaining proximity
with the other was assessed by using the Hinde index. Identifying the initiator of
approaches and leaves within mother-calf pairs proved to be challenging and could only
be established for a very few separations per focal follow. This was not considered as
being representative of the underlying relationships between mothers and calves. The
focal follows conducted in this study did not provide sufficient data to calculate the
Hinde index and therefore, hypotheses 20 ‘The age class of calves affects the mothers’
responsibility in proximity maintenance’ and 21 ‘The age class of calves affects their

own responsibility in proximity maintenance’ could not be investigated.
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8.4. Nursing position

Out of the 311 focal follows conducted in this study, nursing position was only recorded
on eight occasions. This low number of observations is likely to reflect only a small
proportion of actual occurrence of nursing. Calves were seen in nursing position,
(rostrum against mammary slit) with both the mother turning on her side, belly
orientated towards the calf, and with the calf swimming underneath the mother (Plate
10). The percentage of observations of nursing position was calculated for each calf age
class (Graph 48) and compared across them. A Chi-Square test for independence failed
to find a significant difference in the percentage of observations of nursing position
according to calf age category (X?>=3.903, df=2, p>0.05). Such a result is likely to be
due to the rare observation of this behaviour. Occurrence of nursing position and calf
age category appeared to be negatively correlated, which supports the decrease in
observations between the different calf age classes shown by graph 48, but this

correlation appeared to be relatively weak and was only significant at the 0.10 level (r=-

0.148, n=156, p>0.05).

The data collected in the present study did not allow acceptance of hypothesis 22 *The

age class of calves affects the occurrence of nursing events’.

8.5. Breathing synchrony

The influence of calf age on breathing synchrony was investigated by comparing the
mean percentage of synchronous surfacing, calves’ solitary surfacing, and overlapping
surfacing across the different age classes. Each breathing pattern was calculated as a
mean percentage of the total number of breaths for each calf type (Graphs 49 and 51),
along with its mean frequency of occurrence per five-minute interval (Graphs 50 and

52).

Analysis of the distribution of synchronous surfacing demonstrated that the mean
percentage of observations of such a breathing pattern tend to decrease with older aged
calves (H=8.235, df=2, p<0.05; r=-0.268, n=110, p<0.01) (Graph 49). Differences
between age classes were investigated more specifically, and significant decreases were

found between newborns and juveniles (U=202, p<0.05), and infants and juveniles
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(U=775.5, p<0.05). These results show that young common dolphin calves are more
likely to be observed in breathing synchrony with their mothers than older individuals.
The frequency of synchronous breathing per five-minute interval also proved to
decrease with older aged calves (H=24.279, df=2, p<0.01; r=-0.465, n=108, p<0.01)
(Graph 50). Significant differences existed between all calf classes (between newborn
and juvenile: U=75.5, p<0.01; between infant and juvenile: U=694.5, p<0.01; between
newborn and infant: U=182, p<0.01). It can therefore be concluded that synchronous
breaths between mothers and calves become less frequent as calves reach older age

classes.

The mean percentage of calves’ solitary surfacing was not found to vary significantly
according to calf age class (H=5.640, df=2, p>0.05) (Graph 49). It is worth noticing that
the p value was nonetheless very close to significance (p=0.06), and would have been so
if using an alpha value of 0.10 as level of significance. Further comparisons of the
different calf types showed that juveniles were seen surfacing by themselves
significantly more often than infants (U=804, p<0.05). The same trend was found in the
Spearman rank correlation test, which even though it did not result in a high coefficient,
proved to be positively significant (r=0.205, n=132, p<0.05). The Kruskal-Wallis
analysis of the frequency of calves’ solitary surfacing according to age provided
inconclusive results, as the p value exactly equalled 0.05 (H=5.991). Nevertheless, the
frequency of solitary surfacing proved to be significantly higher for juveniles than for
infants (U=681.5, p<0.05) (Graph 50), which fits with the increase observed in
occurrence of solitary surfacing between infants and juveniles. Although the frequency
of solitary surfacing appeared to decrease between the age classes of newborn and
infant, this difference was not significant (U=337, p>0.05), and may be due to an

anomalie in the data.

Comparing the frequency of synchronous and solitary surfacing for each calf type also
reveals some interesting differences. For newborns and infants, the frequency of
synchronous breaths with their mothers was higher than the frequency of solitary
surfacing (newborns: U=42, p<0.01; infants: U=765, p<0.01). The reverse pattern was
found for juveniles, with a higher frequency of solitary surfacing compared to

synchronous surfacing (U=633.5; p<0.05).
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The mean percentage of overlapping surfacing appeared to be relatively stable across
the different age classes (H=1.117, p>0.05; r=0.088, n=110, p>0.05) (Graph 51).
Similar results were found for the frequency of overlapping surfacing, as it did not
appear to vary significantly according to whether the calf followed was a newborn, an
infant, or a juvenile (H=0.407, p>0.05; r=0.060, n=108, p>0.05) (Graph 52). The
identity of the initiator of overlapping surfacing was also tested across the different age
groups in order to investigate the potential influence of calf age. The different values
obtained for these two variables are summarised in Table 5. Both the percentages of
observations of ‘calf after mother’ and ‘mother after calf surfacing didn’t appear to

vary with the age class of calves (H=1.680, df=2, p>0.05; r=+0.005, n=34, p>0.05).

Considering the significant decrease in the mean percentage and frequency of
synchronous surfacing with older aged calves and the significant increase in occurrence
and frequency of calves’ solitary surfacing between infant and juvenile common
dolphins, hypothesis 23 “The age class of calves affects breathing synchrony’ can be

accepted.

8.6. Dive time

Within each focal follow conducted in this study, the time interval between breaths was
calculated for both mothers and calves by dividing the total length of observation by the
total number of breaths for each partner of the pair. Mean values were obtained

thereafter for each age class (Graph 53).

Kruskal-Wallis tests found significant differences in the distribution of the mean time
interval between breaths for both mothers and calves according to calf age class
(mothers: H=11.259, df=2, p<0.01; calves: H=9.976, df=2, p<0.01). Correlation
between these variables also proved to be significant, and show that as the age class of
common dolphin calves increases, the mean time interval between breaths increases not
only for calves (r=0.285, n=90, p<0.01), but also for mothers (r=0.373, n=81, p<0.01).
The mean time between breaths was significantly shorter for newborns than for infants
(U=146.5, p<0.01) and juveniles (U=133, p<0.01). The mothers of juveniles had greater
mean time intervals between breaths than did the mothers of infants (U=384.5, p<0.05)

and of newborns (U=70.5, p<0.01). The results obtained here prove that the variations
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Calf after mother'

Mother after calf'

Calf age class surfacing surfacing
Newborn Mean 25 75
n 4 4
SD 50 50
Lower confidence interval -54.6 -4.56
Upper confidence interval 104.56 154.56
Infant Mean 56.25 43.75
n 16 16
SD 47.87 47.87
Lower confidence interval 30.74 18.24
Upper confidence interval 81.76 69.26
Juvenile Mean 42.86 57.14
n 14 14
SD 43.22 43.22
Lower confidence interval 17.91 32.19
Upper confidence interval 67.81 82.09

Table 5. Two patterns of overlapping breaths calculated as a mean percentage of
total observations of overlapping surfacing, and summarised for each calf age class
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in mean time spent underwater by both mothers and calves are influenced by the age
class of calves. Therefore, hypothesis 24 “The age class of calves affects the mean time

elapsed between breaths for both mothers and calves’ can be accepted.

As can be seen on graph 53, mothers’ mean dive time was greater than that of calves.
Another illustration of such a pattern is given by figure 9, which represents the
breathing frequency of a mother-infant pair during a focal follow. This pattern was
observed across all age classes. In order to investigate whether these differences were
significant, a Mann-Whitney test was used. The values obtained show that the time
between breaths was indeed significantly longer for mothers than for calves (U=4.049,
p<0.05), and lead to the acceptation of hypothesis 25 ‘Calves’ mean dive times are

significantly different from those of mothers’.

Comparisons of the difference in mean dive times between mothers and calves were
conducted across the three age classes in order to assess the evolution of such
difference. A difference of 4.91 seconds between means was found between mothers
and newborns, 7.51 seconds between mothers and infants, and 14.06 seconds between
mothers and juveniles (Graph 54). Although the difference in mean inter-breath interval
between mothers and calves appears to increase, such observation was not supported by
statistical analysis (H=4.001, df=2, p>0.05; r=0.188, n=80, p>0.05), and no definite

conclusion can be drawn.

9) Escorting behaviour

Although each calf was predominantly accompanied by a specific adult individual
presumed to be the mother, associations with non-mother dolphins were also observed.
On one specific occasion, an infant was observed interacting with a juvenile for eight
minutes while the rest of the group was feeding approximately 50 metres away. They
were seen swimming together with the infant in ‘echelon position’, as well as a few
metres apart, and were involved in fast swimming and chases. After these eight minutes,
an adult dolphin assumed to be the mother of the infant left the feeding group and joined
the calves. The infant immediately resumed ‘echelon position” swimming with the adult

dolphin, while the juvenile followed them a couple of metres behind.
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For each calf age class, the occurrence of association with non-mother dolphins was
calculated as a percentage of total observations (Graph 55). Due to a small sample size,
the frequency of escorting behaviours could not be calculated. The data collected
showed an increase in the occurrence of escorting behaviours with older aged calves.
The results of the statistical tests investigating this observation appeared to be divided.
The Chi-Square test for independence did not show a significant difference in the
distribution of observations of associations with non-mother dolphins according to
calves’ age class (X*=5.204, df=2, p>0.05). However, significance would have been
reached for an alpha value of 0.10, and the positive Spearman rank correlation
coefficient, although not very high, proved to be significant (r=0.170, n=158, p<0.05).
Further investigation of differences between age classes, using binomial tests, showed
that newborn calves were less likely to be seen associated with non-mother dolphins
than infants (z=-2.79, p<0.01) and juveniles (z=-6.65, p<0.01). These different results
tend to show that the likelihood of calves being associated with non-mother dolphins

increased with older aged calves.

Considering the low Spearman rank correlation coefficient obtained and the lack of
significance of the Chi-Square test for independence for a=0.05, hypothesis 27 “The age
class of calves does affect the occurrence of association with non-mother dolphins’
cannot be accepted. Nevertheless, newborn calves were less likely to be seen associated
with non-mother dolphins than infant and juvenile common dolphins did. The data
collected in this study did not appear to be sufficient to test hypothesis 28 “The age

class of calves does affect the frequency of association with non-mother dolphins’.

10) Grouping patterns

In this study, the occurrence of nursery groups could not be investigated, as the presence
of male dolphins within groups could never be excluded. Nevertheless, few
observations support the existence of associations of mother-calf pairs within common
dolphins. On one occasion, a group comprised of only two mother-infant pairs was
sighted. No other dolphins were present in the area at that time. Another interesting
observation was made, in that when groups of common dolphins encountered contained

more than one calf, mother-calf pairs were often seen swimming with one another. As a
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result, mother-calf pairs subject to focal follows for this study were accompanied by

other pairs in more than 40% of all observations (Table 6).

In order to investigate whether the occurrence of associations between mother-calf pairs
was influenced by the age class of calves, the percentage of observations of such events
(Table 6) was compared across the different age classes. These percentages did not
appear to vary significantly (X*=0.657, df=2, p>0.05), or to be correlated (r=-0.045,
n=254, p>0.05) with calf age class. The number of other mother-calf pairs sighted with
the one under focal observation ranged from zero to four, with a mean of 0.53
(SD=0.81). For each focal follow, the number of other mother-calf pairs together with
the one followed was taken into account as a mean percentage of all other mother-calf
pairs present in the group (Table 6). Variations in the mean percentage of other mother-
calf pairs accompanying the focal pair did not prove to be significantly related, nor to be

correlated to the age class of calves (H=0.14, df=2, p>0.05; r=-0.07, n=253, p>0.05).

As both the percentage of observations of associations between mother-calf pairs and
the mean percentage of other mother-calf pairs accompanying the focal pair seem to
vary independently from calf age category, hypothesis 29 “The age class of calves
affects the presence and number of other mother-calf pairs with the focal pair’ cannot

be accepted.

11) Other calf characteristics

A behaviour in which young common dolphin calves seemed to be consistently engaged
in, consisted of fast swimming in circles, with the mother as the central point. As adult
dolphins would be travelling in one particular direction, infants could also often be seen
venturing in different directions at high speed, while returning to their mother regularly.
Pairs of juveniles were observed swimming together on several occasions, sometimes
involving chases between them. Calves were never seen displaying aggressive

behaviours.

‘Corklike’ surfacing by common dolphin calves was observed in the present study, and

was exclusively displayed by newborn calves. In order to take a breath, newborns would
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Calf age class

Percentage of observations of

association between mother-calf pairs

Mean percentage of other mother-calf
pairs accompanying the focal pair

Newborn Mean 52 17.15
n 29 29
SD 50.9 21.57
Lower confidence interval 41.0 8.95
Upper confidence interval 74.2 25.36
Infant Mean 46 22.87
n 112 111
SD 50 34
Lower confidence interval 38.8 16.48
Upper confidence interval 56.7 29.27
Juvenile Mean 43 24.42
n 113 113
SD 498 36.65
Lower confidence interval 36.0 17.59
Upper confidence interval 53.7 31.25

Table 6. Grouping patterns summarised for each calf age class.




lunge out at the surface, sometimes almost leaping out of the water. Infants and

juveniles presented the same breathing pattern as adult dolphins.

Although contact between mothers and calves was difficult to identify, rubbing bouts
between them were observed on five occasions and involved calves of all three age
classes. One of these bouts was part of a highly social interaction between an infant and
its presumed mother. The mother-infant pair was observed for 6 minutes and 28
seconds, within which the infant kept rolling belly up under its mother, and several

rubbing bouts using pectoral fins were observed.

Foetal folds on common dolphin calves generally appeared as two white lines in an
inverted V shape under the dorsal fin, and a white circle around the head of the animal,
just behind the blowhole. Of the 279 calves for which the presence or absence of foetal
folds could reliably be identified, 49 of them did bear these marks. While 60% of all
newborns for which the presence of foetal folds could be identified had foetal folds,
14% of all infants and 11% of all juveniles had foetal folds. Using a Chi-Square test for
independence, the difference between these percentages revealed to be significant
according to calf age class (X?=42.229, df=2, p<0.01). Newborns were significantly
more likely to be observed with foetal folds than infants and juveniles (between
newborns and infants: z=4.84, p<0.01; between newborns and juveniles: z=5.24,
p<0.01). The percentage of observations of foetal folds appeared to decrease with older
aged calves, which is supported by the correlation coefficient (r=-0.260, p<0.01). White
markings, that could have been the remains of foetal folds, were also observed on six

adult individuals.

12) Summary

The results of the statistical analyses conducted on the data gathered during field
observations proved to give some interesting insights into the characteristics of groups
with calves, as well as on calves’ behavioural development and mother-calf
relationships. Only a few hypotheses couldn’t be tested due to small sample sizes. The

different findings resulting from data analysis are pinpointed here:
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a large proportion of common dolphin groups contained calves (82.5%),

group type didn’t seem to be affected by water depth, although only groups with
newborns or infants were found under 20 metres of depth,

the mean water temperature tended to be higher with the presence of young calves in
the group,

groups with newborn calves were more likely to be encountered in the summer and
spring,

group size varied significantly according to group type. Group size tended to
decrease as the age class of the youngest calf in the group increased,

the occurrence of the five different activities in which the dolphins could be
involved did not appear to vary according to group type,

there was no significant difference in the patterns of associations with other species
across the different types of groups,

there was no relationship between the reaction of the dolphins to the boat, or the
minimum distance to the boat, and group type,

mothers and calves of older age classes approached the boat at closer distances than
mothers and younger calves did,

observations of mating behaviours varied with the time of the year, and were
significantly lower in winter. Mating behaviours involving genital contact were less
likely to be observed in winter than in any other season. The occurrence of mating
behaviours without genital contact appeared to be higher in summer than in winter.
the occurrence of ‘echelon position’ and the mean percentage of time spent in this
position decreased with calves’ age class. The variations in occurrence of ‘infant
position’ and in the mean percentage of time spent in this position with age class did
not prove to be significant.

the occurrence and mean frequency of separations increased with the age class of
calves,

the mean maximum duration and distance of separations increased with the age class
of calves,

calves of older age classes tend to spend more time away from their mothers,

the mean proportion and frequency of synchronous breathing decreased as calf age
class increased. Although juveniles breathed more frequently on their own than
infants did, no definite conclusions could be drawn on calves’ solitary surfacing.

Overlapping surfacing appeared to remain stable across all age classes.
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mean dive times of both mothers and calves showed a significant increase with the
age class of the calves. Mothers’ mean dive time also proved to be higher than that
of calves.

although newborn calves were less likely to be seen associated with non-mother
dolphins than infant and juvenile common dolphins, no definite conclusions could
be drawn on the occurrence of escorting behaviour across the different age classes,
associations between mother-calf pairs appeared to be frequent but did not seem to
be related to the age class of calves,

the occurrence of foetal folds on calves decreased as the age class they belonged to

increased.
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Chapter 5: DISCUSSION

1) Introduction

The purpose of this chapter is to discuss the results of the statistical analyses in light of
the knowledge available on common dolphins and other cetacean species. The
significance of each of the results obtained in this study is reviewed and compared to
previous studies conducted on similar subjects. The structure of this chapter is

summarised in figure 10.

Firstly, the results relating to the influence of environmental variables on the occurrence
of common dolphin groups of different types are discussed. The breeding seasonality of
the common dolphins in the Hauraki Gulf is reviewed, and discussed in regards to
variations in water temperatures. This leads to the discussion of the existence of a
mating season. The variations in water depths according to the different group types are
then considered. The role of the Hauraki Gulf for the population of common dolphins

under investigation in this study is also considered.

Secondly, the social organisation and behaviours that characterise the different group
types of common dolphins are discussed. The advantages relating to larger group sizes
and to associations of mother-calf pairs within groups are put in perspective with the
results obtained in this study. The observations of groups with newborns involved in
feeding activities and associated with other species are then discussed. The reaction of
common dolphin groups, and of mother-calf pairs, to the boat as well as their

implications, are investigated.

Thirdly, the development of common dolphin calves is discussed. The importance and
meaning of the changes observed in mother-calf relationships are investigated by
considering different aspects of their behaviour: mother-calf separations, escorting
behaviour, swimming position, synchrony and breathing patterns, dive time and
nursing. The occurrence of foetal folds on calves of different age classes is also
reviewed. Other behavioural characteristics of common dolphin calves observed during

this study are discussed using information available for other species.
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Fourthly, the advantages and disadvantages of the research platform used in the course

of this study are reviewed.

Finally, the different topics discussed in this chapter are summarised.

2) Environmental influences

2.1. Breeding seasonality and water temperature

The results of the present study show that the common dolphins encountered in the
Hauraki Gulf tend to breed seasonally. A large majority of groups containing newborn
calves were sighted during spring and summer (82.9%), with a peak over the months of
December and January. This is consistent with previous observations made in New
Zealand (Constantine, 1995; Bridger and Schneider, 1998; Neumann, 2001), and in other
locations worldwide (Gaskin, 1972; Jefferson et al., 1993; Northeastern Pacific:
Leatherwood et al., 1976; Ferrero and Walker, 1995; Danil and Chivers, 2003;
Northeastern Atlantic: Collet, 1981; Evans, 1987; Black Sea: Sleptsov, 1940 Gaskin,
1992; Evans, 1987; Mediterranean: Universidad Autéonoma de Madrid and Alnitak,
2002). The occurrence of groups with juveniles also showed seasonal variations, with
higher proportions in the summer than in the winter. Back-projected birth dates have
been used to assess breeding seasonality in previous studies (Perryman and Lynn, 1993;
Danil and Chivers, 2003) and may allow to further investigate this observation. Because
individuals of juvenile size would be approximately a year old, their higher occurrence
during the summer months compared to winter suggests that they were born around the
same time the previous year. This observation further supports the existence of a

breeding season orientated towards summer.

Reproduction concentrated to some specific part of the year appears to be advantageous
for a species when the environment it inhabits changes seasonally (Bronson, 1989). For
cetaceans, it has been shown that areas with the widest range of oceanographic
parameters, such as those of high latitudes (Evans, 1987; Bronson, 1989; Urian ef al.,
1996), usually show the strongest seasonality in births (Norris and Dohl, 1980a;
Perryman and Lynn, 1993; Ferrero and Walker, 1995; Whitehead and Mann, 2000). The

peak in sightings of newborn calves spread over two months is consistent with the
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results of previous studies conducted on populations of common dolphins found at
similar latitude in the Northern Hemisphere (Collet, 1981; Ferrero and Walker, 1995),
and contrasts with the broader breeding seasons reported for latitudes closer to the
equator (Perryman and Lynn, 1993). This peak is likely to be related to oceanographic
conditions favourable for calves’ survival over the late spring and early summer within
the Hauraki Gulf. The observation of calves of all age classes throughout the year, and
more specifically of newborns during the winter months, emphasises the ability of
female common dolphins to give birth year round. However, the survival rate of

individuals born outside the main breeding season may be lowered (Fernandez and
Hohn, 1998).

Breeding seasonality appears to be highly influenced by environmental factors such as
water temperature, as most births tend to occur during the warmest months of the year
(Ridgway, 1972; Evans, 1987; Wells et al., 1987; Bronson, 1989; Urian et al., 1996;
Bearzi ef al., 1997; Mann et al., 2000; Whitehead and Mann, 2000). Studies conducted
on different populations of bottlenose dolphins have found that the peak in births
usually coincide with the peak in water temperatures (Wiirsig, 1978; Wells et al., 1987;
Hansen, 1990; Wells, 1991a; Urian et al., 1996; Bearzi et al., 1997). A similar pattern
was found in this study, as the peak in sightings of newborn common dolphins
corresponded to the months of highest water temperatures in the Hauraki Gulf.
Furthermore, groups containing newborn calves were found in temperatures
significantly warmer than groups with infants and groups composed of adults only. The
difference with groups containing juveniles was of lower extent, as these groups were
also mostly found during the summer months. Groups containing only adult common
dolphins were sighted more frequently during winter, which represents the coldest
season of the year. These observations suggest that giving birth in warmer waters is
likely to be beneficial for female common dolphins, either directly or through increased
calf survival. Mann et al. (2000) showed that female bottlenose dolphins’ reproductive
success is indeed influenced by a breeding season, and it has been suggested by several
authors that warmer waters represent a physiological advantage for both mothers and
calves (Wiirsig, 1978; Wells ef al., 1987; Wells, 1991a; Mann ef al., 2000; Whitehead
and Mann, 2000). During the crucial period following birth, living in waters of
relatively high temperatures is assumed to allow both members of the pair to lose the

least energy to thermal regulation (Whitehead and Mann, 2000), especially since calves
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are born with very little insulating blubber (Wells, 1991a). It seems likely that water
temperature exerts the same type of influence on the population of common dolphins
observed in the Hauraki Gulf, and the benefit of warmer waters would explain the

breeding seasonality observed in this study.

Water temperature is also likely to have an influence on other environmental factors,
such as prey availability, which has been identified to potentially affect timing in births
in many mammal species, including dolphins (Evans, 1987; Bronson, 1989; Barros and
Odell, 1990; Boyd, 1991; Urian et al., 1996; Mann et al., 2000; Whitehead and Mann,
2000; Danil and Chivers, 2003). In fact, because reproduction represents a high
energetic cost for females, it has been hypothesised that they will synchronise the period
of greatest energy demands with peaks in food availability (Bronson, 1989; Urian et al.,
1996; Whitehead and Mann, 2000). In bottlenose dolphins, nutritive requirements of
mothers have been identified to be the highest during late gestation and early lactation
(Urian et al., 1996). Calves might also benefit increased survival when food supply is
adequate for lactating mothers (Urian ef al., 1996). Being the warmest time of the year,
late spring and early summer months might also be the most abundant food-wise. The
combination of warm water with longer days and calmer weather appears to favour the
production of phytoplankton, which is an important component of the diet of fish and
squid, which are in turn fed upon by dolphins (Evans, 1987). Therefore, the breeding
seasonality observed in common dolphins might also be the result of variation in
availability of food resources, and such a suggestion has already been made for the
North Pacific population of common dolphins (Danil and Chivers, 2003). It has also
been put forward that seasonal variation in climate and prey availability will not exert
an independent influence on the timing of births, but instead are most probably
organised in a complex of interacting factors (Bronson, 1989; Urian et al., 1996). This is

likely to be the case for the common dolphins of the Hauraki Gulf.
It can be concluded that the breeding season identified in this study corresponds to the

higher water temperatures of late spring and early summer, and is likely to be related to

changes in the environment that are beneficial for mothers and their young calves.
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2.2. Mating season

The existence of a breeding season in most cetacean populations studied to date
suggests that successful mating occurs during a restricted part of the year (Wiirsig and
Wiirsig, 1980). Seasonal changes in the frequency of mating activity have been reported
for different species such as the bottlenose dolphin (McBride and Hebb, 1948; McBride
and Kritzler, 1951; Puente and Dewsbury, 1976; Shane, 1990b), and the spinner dolphin
(Wells, 1984). Because observations of newborn calves within groups of common
dolphins varied seasonally and appeared to peak in the late spring and early summer, it
would be expected that mating behaviours present the same type of variation.
Considering that the gestation period of common dolphins is usually between 10 and 11
months (Harrison, 1969; Harrison et al., 1969; Gaskin, 1972, 1992; Perrin and Reilly,
1984; Ferrero and Walker, 1995), although not precisely known for the New Zealand
population, births between December and February would be the result of successful
mating between January and April. Previous observations of common dolphins in the
Cook Strait, New Zealand, reported copulation during the months of February and
March (Webb, 1973b). Although observations in mating behaviours appeared to peak in
April, the only significant difference found in this study consisted in a decrease during
the winter months compared to any other seasons. A similar pattern was found when
considering mating behaviours involving genital contact separately. The mating season
projected by the analysis of peaks in sightings of newborn calves does not correspond to

months of significantly higher occurrence of mating behaviours.

These results could be explained by two factors. Firstly, it appears possible that mating
behaviours were not accurately recorded. Common dolphins being a fast moving
species, behaviours related to mating may occur rapidly, impeding all-occurrence
sampling. In addition, during sightings of common dolphins, attention was focused on
locating calves and determining group composition. Therefore, a defficiency in the
sampling of mating behaviours cannot be excluded. Secondly, observations of mating
behaviours may not always be related to successful copulation. Male and female
dolphins seem to go through physiological changes that limit conception to a specific
part of the year (Wiirsig and Wiirsig, 1980). Seasonal variations in the spermatogenesis
of male common dolphins have been previously reported (Ridgway, 1972; Collet and

Girons, 1984). Therefore, the observation of mating behaviours throughout most of the
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year does not appear to be contradictory to the existence of a breeding season. Dolphins
are also known to use mating behaviours in a wide variety of contexts that are not
always related to reproduction (Wells, 1984; Wells et al., 1987). For example, it has
been suggested that sexual behaviours displayed by dolphins could also be used to
maintain group cohesiveness and social structure (Wells, 1984; Dawson, 1985).
Therefore, their use as courtship and mating behaviours can be difficult to distinguish
from their use as communicative and social signals (Norris and Dohl, 1980a). The
results from this study did not allow the identification of a mating season for the
common dolphins in the Hauraki Gulf. Future studies concentrating more specifically
on mating behaviours may enable to find a correspondence with the identified breeding

s€ason.

2.3. Water depth

Mothers and calves of different cetacean species have been observed to make extensive
use of shallow waters during the main breeding season (for example, southern right
whales: Payne, 1976; Elwen and Best, 2004b; dusky dolphins: Cipriano, 1992:
bottlenose dolphins: Wiirsig and Wiirsig, 1977; Wells et al., 1987; Wells, 1991a; Mann
et al., 2000; Hector’s dolphins: Brdger et al., 2003), and has even proved to
significantly affect the reproductive success of female bottlenose dolphins (Mann et al.,
2000). Several authors have suggested that such habitat utilisation could have evolved
in order to reduce the risk of predation (Norris and Dohl, 1980a; Evans, 1987; Wells et
al., 1987; Wells, 1991a; Scott et al., 1990; Connor, 2000; Briger et al., 2003). Both
sharks and killer whales have been identified as the main predators of dolphins and
whales (Wells et al., 1980; Evans, 1987; Connor, 2000), and it seems that shallow
waters provides better detection, and therefore better avoidance, of these predators
(Mann et al., 2000). Wiirsig and Wiirsig (1980) suggested that the loud background of
low water depths might mask, or at least reduce, noises produced by mother-calf pairs
from killer whales. It is understandable that predator avoidance will be important during
the breeding season, as calves are highly vulnerable to threats during the first few
months of life (Mann ef al., 2000). Once again, a combination of factors might explain
the use of shallow waters by mother-calf pairs. Different authors have also suggested
that inshore movements in the summer time might be driven by higher prey density in

these areas (Wells et al., 1987, Briger and Schneider, 1998; Mann et al., 2000).
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Common dolphins are as likely as any other species to be preyed upon by sharks and
killer whales. Many different species of sharks, such as mako (Isurus oxyrinchus),
hammerhead (Sphyrna zygaena) and great white (Carcharodon carcharias), are
frequently sighted in the waters of the Hauraki Gulf (Owen and Owen, 1999), and killer
whales are also encountered on occasions. Predation of killer whales on common
dolphins has been reported for both the Hauraki Gulf (O’Callaghan and Baker, 2002),
and other locations around the New Zealand coast (Visser, 1999). Yet, this study has
shown that groups of common dolphins containing newborn calves did not appear to
favour shallow waters. While the mean water depth of groups with newborns was 36.7
metres, female bottlenose dolphins and their newborn calves have mostly been found in
waters less than 10 metres deep (Wiirsig and Wiirsig, 1980; Mann et al., 2000). This
difference could be a result of the specific habitat that characterise each species.
Shallow waters are part of bottlenose dolphins’ range, as they are usually described as a
coastal species (Connor et al., 2000). On the other hand, common dolphins, which are
more likely to inhabit open waters (Evans, 1987), might have to travel long distances in
order to reach such shallow waters. The suggestion that predator avoidance is the main
explanation for mother-calf pairs using very shallow waters was made as a result of
studies focusing on coastal species, and especially on the bottlenose dolphin. However,
this strategy might not be an efficient option for pelagic species such as the common

dolphin.

It is also important to note that water depths that are ‘shallow’ will be different for
coastal and pelagic species of dolphins. In fact, the depths in which common dolphins
are found in the Hauraki Gulf are already significantly lower than for most other
populations worldwide (O’Callaghan and Baker, 2002). But even under these
circumstances, the distribution of the different group types did not seem to be affected
by water depth. The large majority of groups with young calves were encountered at
similar depths to groups without calves. However, it is interesting to note that the few
common dolphin groups observed under 20 metres of depth all contained newborn
calves or infants. The use of the shallowest part of the Hauraki Gulf could potentially
benefit mother-calf pairs of common dolphins, as they might offer temporary secure
waters for births to take place or runs of key preys for lactating females. However, the
low occurrence of observations of groups with calves in waters under 20 metres

suggests that they only visit these areas occasionally or that they rapidly return to deeper
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waters. An underestimation of the occurrence of inshore presence of common dolphins

due to search patterns can also not be excluded.

2.4. Role of the Hauraki Gulf for common dolphins

The fact that groups of common dolphins containing newborn calves were found in
warmer waters suggests that females are selective towards the environment in which
they raise their young. Another trait that has been identified as being favoured by
mothers and their calves is a preference for areas with calm seas, as it will reduce their
energy consumption (Wells et al., 1980; Evans, 1987; Elwen and Best, 2004a). Being
sheltered from much of the oceanic weather by the Coromandel Peninsula and Great
Barrier Island, the waters of the Hauraki Gulf appear to be relatively calm on most days
(Hauraki Gulf Maritime Park Board, 1983; Bercusson, 1999), which contrasts with the
more usual open ocean habitat of common dolphins. It is also interesting to note that the
variation in water temperatures observed in the Hauraki Gulf are not as wide as in other
areas inhabited by delphinids (seasonal variation of 17°C: Wells et al., 1987; 20°C:
Bearzi et al., 1997; 25°C: Hersh et al., 1990), and all the physical characteristics of the
water in the Hauraki Gulf appear to remain relatively stable throughout the year (Jillett,
1971; Hauraki Gulf Maritime Park Board, 1983). For these reasons, the waters of the
Hauraki Gulf may be ‘attractive’ for mother-calf pairs of common dolphins. The high
percentage of groups with calves encountered in this study further supports this

hypothesis.

Within the Mediterranean region, the Alboran Sea has been identified as an important
breeding ground for common dolphins, as 46.4% of all groups included calves
(Universidad Auténoma de Madrid and Alnitak, 2002). In that particular study, calves
were defined as individuals half the size of adults or less (Ana Cafiadas, personal
communication), which corresponds to the categories ‘newborns’ and ‘infants’ used in
this study. In 57.5% of groups sighted in the Hauraki Gulf, the youngest member was
either a newborn or an infant. This high percentage could be explained by the fact that
the common dolphins of the Hauraki Gulf have an unusually high breeding success rate
or that the species comes to the area especially to breed. In order to appreciate the exact
role of the Hauraki Gulf for common dolphins, comparisons of the occurrence of groups

with calves in other areas along the coast of New Zealand appear necessary.
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Comparisons with the data collected by Neumann (unpublished data) in Mercury Bay
were attempted but the distribution of observations made within both studies was
considered to be too different to draw any accurate conclusions. Nevertheless, the high
percentage of groups with calves strongly suggests that the Hauraki Gulf plays an

important role as a calving ground for common dolphins.

The high occurrence of common dolphins throughout the year suggests that the Hauraki
Gulf offers more than just a calving ground for the species. The availability of food
within the area is another factor to investigate. Even though the Hauraki Gulf is
characterised by a fairly level sea bed, which represents an unusual habitat for common
dolphins (O’Callaghan and Baker, 2002), the many headlands and islands produce a
persistent up- and down-welling within the Gulf, which introduce nutrients into the
surface layers (Black ef al., 2000). The region is also affected by the East Auckland
current (Jillett, 1971), which brings nutrient-rich oceanic waters into the Gulf (Sharples,
1997; Zeldis et al., 1998). These oceanographic conditions, as they increase nutrients
levels and therefore food availability, have been identified as optimal for the presence of
abundant marine life (Walford, 1958). For common dolphins, it will probably represent
greater feeding opportunities (Evans, 1974; Au and Perryman, 1985) and contribute to
their presence in the area. The potential benefit of these high levels of food for mother-
calf pairs must be considered and could also explain their high occurrence in the
Hauraki Gulf. As the distribution of dolphins and whales is mostly determined by food
availability and suitable conditions for reproduction (Townsend, 1935; Sverdup ef al.,
1942), which both appear to be fulfilled by the waters of the Hauraki Gulf, this area is
likely to provide common dolphins, whether they are accompanied by calves or not, a

highly beneficial habitat.

3) Social organisation and behaviours

3.1. Group size

In the present study, groups of common dolphins with calves were found to be
significantly larger than groups without calves. Furthermore, group size was highest for
groups that contained newborn calves with a mean of 35.75 dolphins per group, and the

smallest for groups made up of only adult individuals with a mean of 18.13 dolphins per
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group. Groups with newborns were significantly larger than groups with infants or
juveniles, which in turn were larger than groups of adults. Similar accounts of
decreasing group size with increasing calf age are recurrent in the cetacean literature
(Winn, 1982; Wells et al., 1987, Scott et al., 1990; Bearzi et al., 1997, Mann et al.,
2000; Whitehead et al., 2000), but have not been documented for common dolphins.
The only information previously available on the subject relates to early observations of
Black Sea common dolphins aggregating into larger groups during parturition (Tsalkin,

1938).

It could be suggested that these observations result from the fact that larger groups are
more likely to contain individuals of different age categories. However, the tendency of
finding newborns calves in larger groups in different dolphin species suggests that it
benefits for mother-calf pairs. Wells (1991b) even related survivorship of bottlenose
dolphin calves in Sarasota Bay, Florida, to group size. The functions of cetaceans
groups are numerous (Connor, 2000), and larger groups could be advantageous for

female common dolphins and their calves in many different ways.

Larger groups could provide mother-calf pairs with more efficient protection from
predators. It has been previously suggested that the larger groups formed by pelagic
species present an effective way to prevent attacks (Wells er al., 1980), and could
represent an alternative strategy to the use of shallow waters for common dolphins.
Being part of a group appears to provide mother-calf pairs with a safe environment
(Brown et al., 1966; Dohl et al., 1974), as it offers effective defence against predators
(Wells et al., 1987; Connor, 2000; Fellner, 2000). In fact, living in groups will decrease
the risk of predation through increased vigilance and heightened awareness of
surroundings (Evans, 1987; Wells, 1991a; Alcock, 1998; Connor, 2000; Fellner, 2000),
as well as through confusion and dilution effect (Alcock, 1998; Connor, 2000; Fellner,
2000). The overall predation risk to an individual will be lowered by the presence of
other members of the same species (dilution effect). For any predator, tracking a
specific prey will also be of greater difficulty within a group, which will therefore
reduce the capture rate per attack (confusion effect). Group living might also enable
certain members of the group to reduce their own vigilance levels and devote more time
to other activities, such as care of the young (Connor, 2000). Safety in numbers is a

common hypothesis in the study of animal behaviour, and the different advantages of
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group living will be enhanced as the number of group members increases (Alcock,
1998). Larger groups provide individual group members with more eyes, more ears, and
in the case of dolphins, more echolocation clicks (Wells, 1991a), which will increase

efficiency in predator surveillance (Norris and Dohl, 1980a; Wells ef al., 1980).

Larger groups may also benefit mothers and their calves by increasing feeding
efficiency. It has been suggested that the location of food resources will be facilitated by
higher numbers of individuals within a group through increased awareness (Shane,
1990a; Connor, 2000; Fellner, 2000). In species practicing cooperative hunting, such as
the common dolphin (Neumann, 2001), larger groups may benefit their members in two
other ways (Connor, 2000). Firstly, they may improve the defence of food resources and
enable the capture of larger schools of prey (Connor, 2000). And secondly, larger
groups will allow the division of labour (Connor, 2000). Easy access to prey is very
likely to benefit lactating females (Bronson, 1989; Urian et al., 1996; Whitehead and
Mann, 2000), and could explain why newborn common dolphin calves and their

mothers are found in the largest groups.

Larger groups could also provide increased hydrodynamic efficiency (Connor, 2000:
Fellner, 2000), and the opportunity for social learning for calves (Norris and Dohl,
1980a; Johnson and Norris, 1986: Wells, 1991a).

The effect of group size also appears to have its own limits and may induce higher costs
than benefits over a certain size (Connor, 2000). Therefore, the number of individuals
within a group is likely to increase until reaching an optimum. For common dolphin
groups containing newborns in this study, the mean group size was 35.75. This could

represent an approximate optimal group size for the common dolphins in the Hauraki
Gulf.

Because of the high vulnerability of the newly born calves and the high energy costs
endured by parturitioning and lactating females, the different advantages of group living
appear to be of primary importance for the calves’ survival and are likely to explain

why newborn common dolphins are found in larger groups.
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3.2. Asssociation between mother-calf pairs

Investigations of mother-calf pairs’ association patterns in cetaceans have shown that
they do not randomly form groups with any other individuals of the same species, but
usually aggregate with other females of similar reproductive status within nursery
groups (Tyack, 1986; Whitehead and Mann, 2000). Observations supporting the
existence of nursery groups have been reported for several odontocete species
(bottlenose dolphins: Shane er al., 1986; Wells et al., 1987; Scott et al., 1990;
Bel’kovich, 1991; Mann and Smuts, 1999; Dall’s porpoises and harbour porpoises:
Read and Hohn, 1995; dusky dolphins: Wiirsig and Wiirsig, 1980; Hawaiian spinner
dolphins: Johnson and Norris, 1994), including common dolphins (Doak, 1981;
Neumann, 2000; Silva and Sequeira, 2003). The benefits of group living previously
discussed are likely to apply to nursery groups, as they will, for example, reduce the
predation risk per individual calf (Whitehead and Mann, 2000). Yet, associations
between mother-calf pairs also seem to have other advantages. Connor (2000) suggested
that nursery groups would allow female bottlenose dolphins to decrease the risk of male
harassment through the dilution effect. These groups are also likely to provide a secured
environment within which mothers will be able to teach their calves the skills necessary
for survival, as well as protect them from adverse stimuli (Wells er al., 1987;
Bel’kovich, 1991). Due to the difficulty of identifying the sex of wild common
dolphins, the existence of true nursery groups only made of females and calves could
not be investigated in this study. Nevertheless, associations of mother-calf pairs within
groups of common dolphins were assessed. Mother-calf pairs under focal observation
appeared to be accompanied by at least one other mother-calf pair in more than 40% of
all observations. It has been suggested that mother-calf pairs may be attracted to one
another due to the similar level of dependence of their calves, which also engage similar
requirements for the mothers (Wells et al., 1987). This could explain the frequent
association of mother-calf pairs of common dolphins. The advantages of these
associations could be similar to those of nursery groups. The occurrence of mother-calf
pairs associations, as well as the percentage of other mother-calf pairs in the group
found to accompany the focal pair, did not vary with the age class of the calves
considered. Although mother-calf pairs of common dolphins were frequently observed
swimming with one another, this study only took into account close associations and

therefore may underestimate their actual occurrence. Further studies should concentrate
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on investigating the distribution of mother-calf pairs within groups of common dolphins

in order to assess whether or not they tend to form discrete subgroups.

3.3. Feeding and association with other species

The results obtained in this study suggest that female common dolphins may make use
of a specific habitat in order to optimise the survival of their young. However, the
calves’ protection does not only relate to the selection of appropriate environmental
conditions, and more active strategies could be reflected in mothers’ behaviour. An
example would be in their reaction towards potential hazards or in the type of activities
mother-calf pairs are involved. A previous study comparing the diet of lactating females
and weaning calves in common dolphins suggested that calves did not usually feed with
adults (Young and Cockcroft, 1994). Wiirsig (1986) postulated that feeding
aggregations could potentially be dangerous for calves, as it involves ‘boisterous’
activity, as well as much contact and socio-sexual activity. While dolphins are feeding,
large predatory sharks might also be attracted to the area and could render calves highly
vulnerable (Wiirsig, 1986). The observations made of common dolphins in the Hauraki
Gulf do not support this contention, as feeding was observed in 41% of all sightings and

its occurrence did not appear to be related to group type.

Because the search for dolphins in this study relied mainly on visible signs of feeding
activities, the high percentage of observations of this particular behavioural state does
not provide an accurate representation of the activity budget for common dolphins.
Nevertheless, the results obtained can still be expected to reflect whether or not feeding
occurred differentially across group types. Common dolphin groups with newborn
calves were seen feeding as often as any other group type, and calves of all ages,
including newborns, were observed involved in actively surrounding a school of fish.
Common dolphins feeding activities appear to be quite intense and even more so when
feeding aggregations involve diving birds and lunge feeding whales. The overall rate of
association of common dolphin groups with other species did not appear to vary
according to group type either. Considering the vulnerability of calves during the first
few months of life and previous results reported for the species, the presence of
newborns within feeding groups of common dolphins and high levels of association

with other species were unexpected. Association with birds, most frequently the
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Australasian gannet, was as high for groups with newborns as groups containing older
calves, and even higher than for groups only made up of adult individuals. This
difference between group types could be explained by the fact that groups with calves
were usually larger than adult groups, and small groups were less likely to be seen

feeding.

The analysis of association with birds and whales reveals interesting results. In fact,
groups with newborns associated with whales and birds in only 5% of all encounters,
which is significantly lower than groups for which the youngest member was either an
infant or a juvenile. Association with whales only was rare and is likely to be explained
by the fact that the presence of whales with common dolphins was usually limited to
feeding situations, to which birds were also highly attracted. The high frequency with
which common dolphin groups including newborns were seen feeding, as well as the
high rate of association with birds, could be explained by the fact that feeding was more
likely to involve larger groups. However, observations of young calves actively
involved in feeding activities suggest that these situations may also involve other
benefits for mother-calf pairs. It can be suggested that if common dolphins highly rely
on ‘work ups’ to hunt their prey, learning the feeding process at a young age would be
advantageous. The rare association of groups including newborns with whales and birds
might be related to the fact that these situations could potentially involve higher costs
than benefits for the young, and further suggest that under certain circumstances,
feeding aggregations might not be safe for calves. This is supported by the observation
of an infant common dolphin, associated with a juvenile at the periphery of a feeding

group, and later rejoined by the presumed mother.

3.4. Reaction to the boat

Female cetaceans are known to be highly protective of their young and to strongly
respond to any situation perceived as a threat (McBride and Kritzler, 1951; Norris et al.,
1977; Doak, 1995; Mann and Smuts, 1999). The impact of the presence of boats on
dolphins’ behaviour has been documented for both groups as a whole (Janik and
Thompson, 1996; Nowacek et al., 2001; Jelinski ef al., 2002; Lusseau, 2003;
Constantine ef al., 2004) and mother-calf pairs (Wells, 1991a; Nowacek ef al., 2001). In

response to boat traffic, mothers were observed to have longer dive times, which was
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interpreted as a means to avoid boats (Nowacek et al., 2001). Mothers have also been
seen herding their calves away from boats (Wells, 1991a). In the present study, the
reaction of common dolphins did not differ according to group type. In response to the
approaching vessel, dolphins frequently took position at the bow, obtaining propulsive
power from the moving vessel (Fejer and Backus, 1960; Williams et al., 1992). The
minimum distance between the dolphins and the boat did not seem to be influenced by
group type either. Yet, the distance between the boat and mother-calf pairs varied
significantly across the different age classes. The distance to the boat was the greatest
for mothers and newborns, and significantly decreased with increased age of the calves.
Although the majority of mother-calf pairs did approach the boat without any obvious
reaction, presumed mothers were observed steering their calves away from the vessel on
different occasions. Therefore, it appears that under certain circumstances mothers
could perceive the boat as a threat. For example, dependent calves and their mothers
could be more vulnerable to boat strikes due to their lower manoeuvrability (Nowacek
et al., 2001). These results have important conservation implications for the species,
which are enhanced by the high percentage of groups with calves found in the Hauraki
Gulf. Because mothers and calves represent the nucleus of any mammal society
(Eisenberg, 1986), their protection is likely to ensure the prosperity of the population as
a whole. For that reason, the New Zealand Department of Conservation have forbid
*swim with dolphins’ programs to occur when groups contain juveniles. In light of the
results obtained in this study, this prohibition can only be supported, and the further
inclusion, within the Marine Mammals Protection Regulations, of specific guidelines
regarding dolphin mother-calf pairs should be considered. Every year, and especially
during summer, the Hauraki Gulf is highly frequented by recreational boats that are
likely to encounter common dolphins during their journey (Bercusson, 1999). Efforts
should be made to properly inform the public of the risks of boat mishandling around

groups of dolphins containing newborn calves.

171



4) Calf development

4.1. Evolution of mother-calf relationships

- Mother-calf separations

As bottlenose dolphin calves grow older, it appears that their competence in negotiating
the marine environment consistently improves (Mann and Smuts, 1999). This
improvement is reflected in different aspects of their behaviours, including mother-calf
separations. In fact, the rate, proportion, duration and distance of separations between
bottlenose dolphin calves and their mothers have all proved to increase as a function of
calf age (Cockcroft and Ross, 1990; Reid et al., 1995; Mann and Smuts, 1998, 1999;
Gubbins et al., 1999; Grellier et al., 2003; Keiko ef al., 2003). Behavioural changes of
the same order have also been reported for beluga whales (Schneider et al., 2003),
southern right whales (Taber and Thomas, 1982), and killer whales (Haenel, 1986). The
results obtained in the present study show a similar tendency for common dolphin
calves. Both the occurrence and frequency of separations appeared to increase with the
age class of the calves considered. While newborns were only seen separating in 24% of
all focal follows and on average less than once per five-minute interval, separations
occurred in most observations of juvenile animals (94%) with a mean frequency of
more than seven separations over the same time interval. Considering the vulnerability
of young calves, it could be argued that 24% represents a relatively high occurence of
separations for newborn common dolphins. Considering similar observations on
bottlenose dolphins calves, Mann and Smuts (1999) suggested that newborns rapidly
have to learn to separate from their mothers at a young age, as it will allow them to gain
the locomotor skills necessary for their survival. This is likely to apply to common
dolphin calves as well. The age class of common dolphin calves was also found to have
an influence on the duration and distance of separation. Calves were observed
separating for longer periods of time as the age class to which they belonged increased.
As a result, the percentage of time they spent without their mothers increased in a
similar manner. The maximum distance at which a calf would separate from its mother
showed a significant increase with older aged calves, and when newborn calves did
separate from their mothers, it was always over relatively short distances of five metres

or less.
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In the literature on bottlenose dolphins, the preference for close contact during the time
of high dependence of calves on their mothers has been explained by the influence of
different factors. Firstly, close proximity between mothers and calves allows the
accurate provision of maternal care and nursing opportunities, which appear to be
highly important during the newborn period (Trivers, 1974). Secondly, it is also during
this period that calves’ swimming abilities appear to be the least coordinated (Cockeroft
and Ross, 1990; Mann and Smuts, 1999), and close proximity is therefore likely to
represent a means for mothers to control their calves’ movements (Fellner, 2000). The
lack of such control has been reported to lead to calves’ death in different studies
(Tavolga and Essapian, 1957; Dudok van Heel and Meyer, 1974; Johnson and Norris,
1994). Thirdly, the lower occurrence and frequency of separations observed for the
youngest calves could also be due to an imprinting period during which newborns learn
to recognise their mothers (Mann and Smuts, 1999). For these different reasons, calves’
survival during the first few weeks following birth appears to be highly related to close
contact with their mothers. This is also likely to explain why mothers of different
mammal species are known to show great responsibility in proximity maintenance
during the newborn period (Trivers, 1974). As calves grow older and their dependence
on their mothers decreases, the role of mothers in maintaining proximity will diminish
(Trivers, 1974). Observations supporting the existence of a similar pattern in cetaceans
have been reported for bottlenose dolphins (Reid et al., 1995; Fellner, 1999; Mann and
Smuts, 1999) and southern right whales (Taber and Thomas, 1982). The data collected
in this study did not allow the investigation of the role of common dolphin mothers and

calves in proximity maintenance.

As calves grow older, they will improve their locomotor abilities as well as their skills
in reuniting with the mother, which will allow them to gain more independence and to
separate more frequently, for longer periods of time and over greater distances (Taber
and Thomas, 1982; Reid et al., 1995; Mann and Smuts, 1998, 1999; Gubbins ef al.,
1999). Because this pattern of increasing independence is found in most mammalian
species (Gubbins et al., 1999), it is also likely to explain the results of observations

made on common dolphin calves.
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- Escorting behaviour

The importance of close proximity between mothers and their young calves is further
illustrated by the foraging behaviour of female spotted dolphins. Diet analyses
conducted on the species suggested that lactating females restrain from feeding on
squid, as this would involve deep dives and therefore separations from their calves,
which are less proficient divers (Bernard and Hohn, 1989). For other cetacean species
that mainly rely on deep-sea preys, changes in diet might not be possible. An efficient
alternative to close proximity could then be to leave their calves at the surface with
another member of the group that will provide care while mothers are feeding
(Papastravrou ef al., 1989). This type of behaviour has proved to be used by sperm
whales (Whitehead, 1996), and is usually referred to as allomaternal or escorting
behaviour. Besides deep dives, other situations are likely to necessitate separations
between mothers and calves. As discussed earlier, feeding aggregations could
sometimes represent a threat for calves and it might be advantageous for females to rely
on other individuals to look after their calves while they are feeding (Wiirsig, 1986:
Evans, 1987). This behaviour has been reported for dusky dolphins (Wiirsig and
Wiirsig, 1980), and killer whales (Haenel, 1986), and was observed on one occasion in
this study. In this observation, the individual escorting the infant common dolphin was a
juvenile. It would have been interesting to determine the sex of the juvenile animal as
immature females are known to frequently occupy the role of escorts in other species
(bottlenose dolphins: Mann and Smuts, 1998; killer whales: Haenel, 1986).
Unfortunately, the possibility of identifying the sex of wild common dolphins is rather
limited, as no obvious sexual dimorphism exists (Cawardine, 1995). This observation
suggests that the use of escorting might enable mother common dolphins to separate
from their calves without enduring the costs of leaving them unattended. However,
because of the singularity of this event, no definite conclusion can be drawn and this
observation remains anecdotal. All other occurrence of escorting recorded in this study
is more likely to be representative of social behaviour rather than of a specific strategy
used by mothers in order to be able to separate from their calves. The occurrence of
escorting proved to significantly increase between newborns and older aged calves. As
escorting implies separations between calves and their mothers, this increase in
associations with non-mother dolphins is consistent with the increase in occurrence and

frequency of separations, and is also likely to be related to changes in locomotor skills
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and independence. These associations could also play an important role in establishing
social bonds with other members of the group. This increase in sociality is likely to

explain the observations of juvenile common dolphins swimming with one another.

- Swimming position

The improvement of calves’ swimming abilities demonstrated by the increase in
frequency, distance and duration of separations across calf age classes could also be
reflected by changes in the use made of ‘echelon’ and ‘infant position’. In the present
study, common dolphin calves of all age classes spent more time in echelon than in
infant position. This observation is consistent with previous results obtained for

bottlenose dolphin calves (Fellner, 2000).

‘Echelon position” swimming appears to be highly beneficial for dolphin calves as it
allows them to ride the pressure wave caused by the mother’s body as she moves
through the water (Norris and Prescott, 1961; Lang, 1966; Wells, 1991a). Wells (1991a)
observed that bottlenose dolphin calves do not beat their tail as fast when swimming in
‘echelon position” compared to what would be expected during high-speed travel. The
hydrodynamic advantages of this position are likely to be similar to those involved in
bow riding the pressure wave of moving vessels (Gubbins ef al., 1999). By reducing the
cost of swimming, ‘echelon position” will enable calves to conserve energy (Norris and
Prescott, 1961; Brodie, 1977; Prescott, 1977; Evans, 1987; Gubbins et al., 1999;
Dearolf et al., 2000). Norris and Prescott (1961) suggested that ‘echelon position’ might
also benefit young calves by allowing the coordination of their movements, breathing
and diving with their mothers. Most studies conducted on bottlenose dolphin calves
have shown that the percentage of time spent in ‘echelon position’ is very high at first
but tend to decrease as a function of calf age (Tavolga and Essapian, 1957; Cockcroft
and Ross, 1990; Wells, 1991a; Reid ef al., 1995; Gubbins ef al., 1999; Mann and Smuts,
1999; Keiko ef al., 2003). Similar results were obtained in the present study: newborns
and infants spent more time in ‘echelon position’ than juvenile common dolphins did.
The use of ‘echelon swimming® will be especially important during the first few months
of life as it will aid swimming at a time when calves present the lowest levels of motor
coordination (Cockcroft and Ross, 1990; Mann and Smuts, 1999). As calves grow older

and gain greater locomotor skills, their ability to swim on their own will increase
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(Cockcroft and Ross, 1990) and their reliance on ‘echelon position” swimming will be
lowered (Gubbins et al., 1999). The increase in calf size might also reduce the ability of
mothers to carry calves in their pressure wave (Gubbins ef al., 1999). Juvenile common
dolphins still spent 32.4% of their time in echelon position, which is higher than the
values reported for bottlenose dolphins. In fact, Mann and Smuts (1999) found that two
month-old bottlenose dolphin calves only spent 10.6% (+11.4%) of their time in echelon
position. This difference could be explained by the fact that focal follows were usually
conducted while mother-calf pairs of common dolphins were bow riding, which may
have an influence on calves’ swimming position. Nevertheless, the lower time spent in
‘echelon position” by juveniles compared to younger aged calves is likely to represent

their lower dependence on ‘echelon swimming’.

Changes in the percentage of time spent in “infant position’ have also been related to the
improvement of locomotor skills; as such a position implies that calves are able to
remain underneath their mothers (Mann and Smuts, 1999). Bottlenose dolphin calves
have been reported to spend more time in ‘infant position’ as they age (Tavolga and
Essapian, 1957; Cockcroft and Ross, 1990; Reid et al., 1995; Gubbins ef al., 1999;
Mann and Smuts, 1999; Keiko et al., 2003). Although the data collected in this study
tend to show a slight increase in the mean percentage of time spent in ‘infant position’
by common dolphin calves of different age classes, the results of the statistical analyses
did not allow any definitive conclusions. Nevertheless, juvenile common dolphins were
more likely to be observed in ‘infant position’ than infants, which suggest that higher
use of this position may be made by older aged calves. Such a pattern remains to be
confirmed. The mean percentages of time spent in ‘infant position’ obtained in this
study appear to be relatively low when compared to the values reported for bottlenose
dolphin calves (Mann and Smuts, 1999), and these results could be related to a lower
occurrence of infant position swimming while the dolphins are bow riding. Mann and
Smuts (1999) suggested that ‘infant position’ swimming facilitates nursing and would
explain the switch to infant position operated by young calves as soon as motor
coordination has improved. Yet, an increase in time spent in ‘infant position’ does not
automatically imply an increase in nursing. The percentage of time spent in ‘infant
position” is known to gradually increase over at least the first year of life (Reid et al.,
1995; Gubbins et al., 1999; Keiko ef al., 2003), a period over which both the rate and

bout duration of nursing events have shown to decrease (McBride and Kritzler, 1951;
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Cockceroft and Ross, 1990; Reid ef al., 1995; Nordensten et al., 2003). It seems likely
that ‘infant position’ swimming also involves other advantages for older aged calves,
and could potentially represent an efficient alternative to ‘echelon position” swimming
when the size of calves prevents them from being carried in their mothers’ pressure

wave. The hydrodynamic benefits of ‘infant swimming® remain to be investigated

(Mann and Smuts, 1999).

- Breathing synchrony

Synchrony also appears to be an important component of mother-calf relationships
during the newborn period, and has been investigated in bottlenose dolphins using
observations of mothers and calves surfacing in perfect unison (Cockcroft and Ross,
1990; Peddemors, 1990; Mann and Smuts, 1999). These studies found a decline in the
proportion of synchronous breaths as a function of calves’ age (Cockcroft and Ross,
1990; Peddemors, 1990; Mann and Smuts, 1999). The same approach was utilised in the
present study and resulted in similar observations. The mean proportion of synchronous
breaths appeared to be lower for juveniles than for younger aged calves, and the
frequency of this behaviour showed a consistent decrease across the different age
classes. The decline in synchronous breaths has previously been related to an
improvement in motor coordination (Peddemors, 1990; Mann and Smuts, 1999). This is
further supported by the tendency of an increasing proportion in calves’ solitary
surfacing between infants and juvenile common dolphins. The frequency of solitary
breaths also appeared to be significantly higher for juveniles than for infants. For
newborn and infant common dolphins, the frequency of synchronous breaths with their
mothers was found to be higher than the frequency of solitary surfacing, emphasising
the importance of synchrony for these two age classes. The opposite pattern was
observed for juveniles, with a mean frequency of 4.9 synchronous breaths per five-
minute interval, compared to mean frequency of 8.5 solitary breaths over the same time
interval. The proportion and frequency of overlapping surfacing were also assessed but
did not appear to vary across the different age classes. The results obtained in this study
suggest that synchrony is particularly important for common dolphin calves of young
age. Synchrony between mother dolphins and their calves has been suggested to serve
different functions such as, energy conservation, predator avoidance, social learning,

and better swimming control (Fellner, 2000). All these factors have previously been
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identified as playing an important role in the survival of newborn calves and are likely
to explain the higher levels of synchrony observed in newborn common dolphins, as

well as the decrease observed across the different age categories.

- Dive time:

As dolphin calves appear to better negotiate their environment due to enhanced
locomotor skills as they grow older, an improvement in their diving ability would also
be expected. An increase in dive time with older aged calves was demonstrated for
common dolphins in this study. In fact, the mean dive time was 12.7 seconds for
newborn common dolphins, 18.6 seconds for infants, and 26.6 seconds for juveniles. A
similar increase has previously been reported for captive bottlenose dolphin calves
(Cockceroft and Ross, 1990) and southern right whales (Thomas and Taber, 1984).
Mothers’ dive times were also monitored and were found to be significantly higher than
those of calves. This observation emphasises the calves’ lower ability to remain
underwater for long periods of time compared to adult individuals. Although the
difference between mothers’ and calves’ dive times seemed to increase across the
different calf categories, statistical analyses did not reveal any significant variations.
The fact that calves usually take more breaths than mothers has been observed in
bottlenose dolphins (McBride and Kritzler, 1951; Wiirsig, 1978; Mann and Smuts,
1999), grey whales (Norris ef al., 1977), and sperm whales (Whitehead, 1996). It also
appeared that mothers’ dive time was affected by the age class of their young and
mothers of juvenile common dolphins showed greater time between breaths than
mothers of newborns or of infants did. Such a pattern does not seem to have been
investigated for other cetacean species. Mothers’ diving ability could be lowered by the
high energetic costs they endure in the weeks following birth, and would gradually
recover as calves dependence on their nursing and care diminishes. Considering the
importance of synchrony for newborn calves, it seems more likely that mothers will
decrease their breathing frequency in order to allow their young calves to coordinate
their movements with theirs. Mothers would then increase their dive time as a function
of their calves’ diving progress. Monitoring mothers’ dive time while they are separated

from their calves may enable further investigatiom this hypothesis.
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- Nursing:

In the course of their development, dolphin calves will acquire the necessary foraging
skills that will allow them to catch prey and to become less dependent on their mothers
for food (Oftedal, 1997). This process is in part reflected by the changes in nursing
patterns, and research conducted on bottlenose dolphin calves in captivity have shown
that both the rate and bout duration of nursing events tend to decrease as a function of
calf age (McBride and Kritzler, 1951; Cockcroft and Ross, 1990; Reid et al., 1995;
Nordensten et al., 2003). Transfer of milk between mothers and calves appears to be
difficult to observe in cetaceans and nursing is usually inferred from the position of the
calf, with its rostrum pressed against the mother’s mammary slit (Whitehead and Mann,
2000). Although the data collected in this study showed a decrease in the percentage of
observations of nursing position across the different calf age classes, this pattern did not
prove to be statistically significant. This result is likely to be related to the fact that
nursing position was only observed in 4% of all focal follows conducted in this study.
The low occurrence of observations of nursing position could be related to the fact that
female common dolphins may only rarely suckle their young while bow riding. It also
appears possible that the duration of focal follows might not have been long enough to
accurately represent the occurrence of nursing position in common dolphin calves.
Although the nursing rate of common dolphins is likely to follow the general pattern of
a decrease with age observed in other species, obtaining exact data on the subject may
allow identification of patterns that are specific to the species, as well as to determine
weaning age. Unfortunately, this kind of information may prove difficult to obtain on

wild populations of common dolphins.

4.2. Foetal folds

The presence of foetal folds on common dolphin calves of different age classes was also
investigated in this study. Because foetal folds result from the folded posture of the
foetus as it lies in the uterus (McBride and Kritzler, 1951), they are particularly visible
on newborn calves and have been described as a predominant feature of their physical
appearance in the weeks following birth (McBride and Kritzler, 1951; Mann and Smuts,
1999). They gradually disappear as calves grow older and are rarely observed on

bottlenose dolphin calves over three months of age (Cockcroft and Ross, 1990; Mann
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and Smuts, 1999). Foetal folds were observed on 60% of common dolphin newborn
calves subject to focal follows, and only on 14% of infants and 11% of juveniles. The
decrease observed between newborns and older aged calves proved to be significant,
which is consistent with the results reported for bottlenose dolphins. As 40% of
newborns did not have foetal folds, the observations made in this study suggest that a
rather large proportion of common dolphins are born without these marks. The presence
of distinguishable white markings, remains of foetal folds, on some adults also suggests
that their presence on certain individuals may extend beyond the first year after birth.
Mann and Smuts (1999) suggested that individual differences and eventually the health
of the animals could have an influence on the visibility of foetal folds on bottlenose
dolphin calves. Cockcroft and Ross (1990) recommended that foetal folds should not be
included in the definition of newborn bottlenose dolphins, as the great variation of their
presence on calves may lead to biased results. Although the occurrence of foetal folds
showed a decrease across the different calf types, the observations made in this study
supports this recommendation and suggest that foetal folds may not always be an

accurate criterion to distinguish newborn common dolphins from older aged calves.

4.3. Other calves’ behavioural characteristics

Besides the behaviours typically recorded during focal follows of mother-calf pairs,
calves sometimes executed displays that are worth discussing. The observation of an
infant common dolphin consistently rolling belly up under its presumed mother
throughout the focal follow raises the question of a possible mounting attempt. Young
male bottlenose dolphins are known to be sexually precocious and often engage in
sexual activity with older individuals, including their mothers (McBride and Kritzler,
1951; Caldwell and Caldwell, 1972; Schroeder, 1990; Mann and Smuts, 1999). Similar
observations have been recorded for young male killer whales (Haenel, 1986). It would
have been interesting to identify the sex of the infant common dolphin involved in this
observation, but unfortunately it did not prove possible. Even though no conclusion can
be drawn from this event, it suggests that early socio-sexual behaviours may occur in
common dolphins. Following observations of sexual behaviours displayed by young
bottlenose dolphin calves before the attainment of sexual maturity, Wells ef al. (1987)

suggested that these behaviours are likely to play an important role in the social lives of
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the animals. It could indeed represent the process by which male calves learn sexual

patterns (Caldwell and Caldwell, 1972).

A behaviour observed more consistently in the course of this study involved calves
darting away and back from the presumed mother, and rapidly swimming around her.
Similar behavioural patterns have been reported for spinner dolphin calves (Johnson and
Norris, 1994) but no explanations were proposed. It could be suggested that these
behaviours may be representative of calves’ urge to explore the environment, combined

with the need to remain in close proximity with their mothers.

Finally, some of the behaviours that have been reported for calves in other species were
never observed in common dolphins. It has been reported that by three weeks of age,
bottlenose dolphin calves will display a diverse repertoire of behaviours including chin
slaps, spy hops, jaw claps, belly slaps, playful chases with other infants and exchange of
objects (Connor er al., 2000). Johnson and Norris (1994) also reported that spinner
dolphin calves are usually the most active members of the group. Besides the occasional
reciprocal chases between juvenile common dolphins, none of the other behaviours
were observed to be displayed by common dolphin calves. As the search for common
dolphins mainly relied on signs of feeding activities, common dolphin groups were seen
feeding in most encounters, a context which might not be appropriate for the occurrence
of displaying. On the other hand, socialising, which is defined as dolphins being
involved in surface behaviours (Shane, 1990a), was only observed in 4% of all
encounters. The rarity of calves’ displays in common dolphins could also be explained
by the fact that displaying may not be common in this particular species. In fact, adult
common dolphins were rarely seen engaged in surface behaviours. The observations of

common dolphins in a wider variety of context may help to clarify this issue.

5) Research platform

In the present study, all observations were made from onboard the commercial tourist
boat ‘Dolphin Explorer’. The use of ‘Dolphin Explorer” as a research platform proved to
have both advantages and disadvantages in the collection of the data required for this

particular research project.

181



Due to the size and stability of ‘Dolphin Explorer’, trips took place in most weather and
therefore on most days of the study period, offering the opportunity to observe the
animals regularly on a year-round basis. This is particularly important when
investigating seasonal variations, as was the case in this study. The elevation of
‘Dolphin Explorer’ above sea level provided enhanced visibility of the surroundings,
which facilitated the location of the animals over great distances. This elevation,
combined with the presence of experienced crew continuously scanning the area,
resulted in a relatively high success rate in finding the animals. Common dolphins were
sighted on more than 80% of the trips conducted onboard the vessel, resulting in a total
of 348 encounters over the 14 months of this study. Group follows were conducted on
320 of these encounters, which represents a relatively large sample that may not have
been possible to obtain from another platform. When ‘Dolphin Explorer’ was with a
group of dolphins, the elevation of the vessel also offered a broader view of the group,
which represented an advantage in determining group composition. The construction of
the boat, and especially the presence of two hulls, also proved to offer a great
opportunity to view large numbers of dolphins bow riding and to closely follow their
behaviours, including those of mother-calf pairs. For these different reasons, ‘Dolphin

Explorer’ represented a beneficial research platform from which to conduct this project.

However, certain aspects of this study could have been improved by utilising a different
research platform. Firstly, the use of a large boat such as ‘Dolphin Explorer’ appears to
offer limited manoeuvrability around the dolphins, and therefore reduces the possibility
of approaching a mother-calf pair. Although *Dolphin Explorer’ could be positioned in
the direction of mother-calf pairs, focal follows could only be conducted accurately if
they approached the boat at close distances. This resulted in focal follows of rather short
duration, and mostly involving bow riding. The influence of bow riding on mother-calf
relationships cannot be neglected and has been raised for some of the results obtained in
this study. The use of a smaller boat may have allowed the researcher to remain with
mother-calf pairs for longer periods of time, and to observe them in different contexts.
Secondly, due to the commercial scope of the trips conducted by ‘Dolphin Explorer’,
common dolphin groups that offered better sighting opportunities for passengers were
usually favoured, resulting in a shorter viewing time for certain groups. Areas of greater
sighting opportunities were also favoured. The use of an independent research vessel

might have allowed the researcher to spend more time with groups that were considered
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of interest for the present study, and to explore other parts of the Hauraki Gulf such as
its shallow regions. Thirdly, the search pattern used by the crew of ‘Dolphin Explorer’
in order to find common dolphins lead to their frequent observation in a feeding context.
Observations of mother-calf pairs in a wider variety of other situations would have been
interesting and may have been possible from a different platform. Finally, the potential

impact of the boat on the dolphins’ behaviour cannot be discounted.

Although the use of a different research platform could have been advantageous in
different ways, especially regarding focal follows of mother-calf pairs, the observations
conducted from ‘Dolphin Explorer’ resulted in sufficient data to reliably test most of the

hypotheses investigated in this study.

6) Summary

Many of the variables used to characterise common dolphin groups have proved to vary
according to the age class of the youngest member of the group. The specific features of
groups containing newborns discussed in this chapter have proved to represent
conditions identified as favourable for the survival and growth of young calves in other
species, and are likely to serve the same purpose for common dolphins. The advantages
of warmer waters for mothers and their newborn calves, through thermoregulation and
higher food availability, are likely to have lead the common dolphins of the Hauraki
Gulf to mainly give birth during late spring and early summer. The peak in sightings of
newborns calves did not appear to correspond to a peak in sexual activity. Although
water depth did not prove to be affected by group type, observations of common
dolphin groups with newborns and infants under depths of 20 metres suggest the
potential advantages of shallow waters for these groups. The oceanographic conditions
of Hauraki Gulf are likely to be highly beneficial for common dolphins, and due to the
high percentage of groups with calves, this area is likely to represent an important

calving ground for the species.

The changes in social and behavioural organisation across the different group types are
also likely to reflect the importance of certain conditions in calves’ development.
Groups of common dolphins with newborn calves were found in larger groups, which

may benefit mother-calf pairs in many ways, including enhanced protection against
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predators and greater feeding opportunities. Similar benefits may also lead mother-calf
pairs of common dolphins to associate with one another within groups. The high
occurrence of groups with newborns involved in feeding activities and associated with
other species, suggests that feeding aggregations may be highly important in teaching
the calves to hunt prey. Nevertheless, certain observations also suggest that not all of
these aggregations might be safe for calves. The greater distances to the boat kept by
mothers and their newborn calves suggests that the boat could represent a threat during

the period of high vulnerability for the calves.

The changes observed in all aspects of mother-calf relationships across the different age
classes are likely to reflect the high dependence of newborn common dolphins on their
mothers. as well as the improvement of their locomotor skills and the gradual gain in
independence of older aged calves. Although the occurrence of foetal folds decrease
with older aged calves, the variations observed led to the recommendation of their
exclusion as a criteria to distinguish newborns from older calves. Anectodal
observations made in this study. along with previous reports in different species,
suggested early socio-sexuality in common dolphin calves. The rarity of displaying by
common dolphin calves distinguish them from other species, and may be due to a

specific characteristic of the species or to the context of observations made in this study.

After discussing the advantages and disadvantages of the use of a commercial tourist
boat “Dolphin Explorer” as a research platform in this study, it appeared that its use
involves limitations for the collection of data on mother-calf pairs, but overall allowed

testing of the hypotheses investigated in this study.
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Chapter 6: CONCLUSION

The structure of this chapter is summarised in figure 11.

1) Summary

This study was the first to focus on female reproductive strategies and mother-calf
relationships in common dolphins. Its main objective was to contribute to the
understanding of the reproductive ecology of the species through the investigation of
four general research questions outlined in the introduction chapter. The data collected
during field observations in the Hauraki Gulf have provided answers to each of these

questions as follows:

1) Do the common dolphins in the Hauraki Gulf display reproductive seasonality?

This question was addressed by investigating both breeding and mating seasonality of
the common dolphins found in the Hauraki Gulf. The existence of a breeding season
was assessed through seasonal variations in sightings of groups containing newborn
calves. The results of this study showed that common dolphins breed seasonally. as
82.9% of groups with newborns were sighted during spring and summer, with
particularly high occurrence in the months of December and January. The existence of a
mating season was assessed through seasonal variations in occurrence of mating
behaviours. Although observations of these behaviours differed between seasons, these
variations did not relate to the peak in sightings of newborn calves. The breeding
seasonality displayed by the common dolphins that inhabit the Hauraki Gulf can be
explained by the variations in environmental conditions that are fundamental for calves’

survival.
2) What are the specific characteristics of common dolphin groups containing calves?
In order to answer this question, groups of common dolphins categorised according to

the age class of their youngest member were examined in relation to a series of criteria

including water temperatures and water depths, the number of animals in the groups,
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their behavioural state, their associations with other species, and their reaction to the

boat. As a result of this examination, the following conclusions can be drawn:

e Common dolphin groups with newborns were found in water temperatures higher
than groups with infants or groups made up of only adults. Warmer waters are likely to
increase the survival of young calves through thermoregulation and higher food

availability; factors that are also likely to explain breeding seasonality.

e All group types were found in similar water depths. This result is inconsistent with the
fact that all other cetacean species studied to date have been found to extensively use
shallower waters when accompanied by young calves, most probably as a strategy to
avoid predators. This study suggests that such strategy may not be efficient for a pelagic
species such as the common dolphin. However, on the occasions where groups of
common dolphins were sighted under 20 metres of depth, the fact that they always
included either newborns or infants suggests that there may be potential advantages of

this habitat for mothers and their young calves.

e Groups containing newborn calves were found to be larger than any other group
types, with a mean of 35.75 dolphins per group. Large groups have been identified to
decrease the risk of predation and to enhance feeding efficiency, which are likely to be

advantageous for mother-calf pairs during the newborn period.

e The activity budget of the different group types was found to be similar. The
observation of small calves involved in feeding activities suggests the importance of
learning the hunting process at a young age. However, groups with newborns were only
seen associated with whales and birds in 5% of all encounters, suggesting that mothers

may stay clear of certain feeding aggregations when they have newborn calves.

e The reaction of the dolphins to the boat, as well as the minimum distance to the boat,
was not different according to group type. However, when considering mother-calf pairs
individually, it appeared that the minimum distance to the boat was the greatest for
mothers and their newborn calves, and consistently decreased with the age of the calves

considered. These results may represent the protective behaviour of mothers towards
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their calves, especially in the first few months following birth, in a situation that is

perceived as threatening by mothers.

The results obtained in this study have shown that some of the variables that
characterise groups of common dolphins vary according to the age class of the youngest
member in the group. These variations are likely to reflect the high vulnerability of
newborn calves and the strategies used by the mothers in order to increase their

survival.

3) What is the role of the Hauraki Gulf for female common dolphins?

This question was investigated by two means. Firstly, the proportion of groups that
contained calves was considered and comparisons with other populations of common
dolphins were attempted. Only a minority of common dolphin groups encountered in
the Hauraki Gulf contained only adult individuals, and 82.5% of the groups were
accompanied by at least one calf. The youngest member of the group was a newborn in
16.7% of the groups, an infant in 40.8% of the groups and a juvenile in 19.6% of the
groups. These percentages are much higher than what has previously been reported for
the population of common dolphins found in the Alboran Sea. Secondly, the
oceanographic characteristics of the Hauraki Gulf were compared to those of other areas
that have been identified as important breeding and calving ground for cetaceans. The
Hauraki Gulf appears to provide common dolphins with a calm sea area, little variation
in the characteristics of the water, including water temperature, and great feeding
opportunities, which have all proved to play a significant role in calves’ survival in
previous studies. These results suggest that the Hauraki Gulf is an important calving

ground for common dolphins.

4) What are the behavioural patterns that describe the relationships between calves of

different age and their mothers?

In order to investigate the evolution of mother-calf relationships in common dolphins,
calves belonging to different age categories were compared on several aspects of their
behaviours including, separations from the mother, associations with non-mother

dolphins, swimming position, breathing patterns, dive time, and nursing position.
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Older aged calves separated from their mothers more frequently, over greater distances
and over longer periods of time. They were also more likely to associate with other
dolphins than younger calves were. Juvenile common dolphins spent less time in
‘echelon position’ than newborns or infants did, and were also more likely to be seen
swimming underneath their mothers than infants were. Younger calves presented the
larger proportion of synchronous breaths with their mothers, and the smallest proportion
of solitary breaths. They also spent less time under water than older aged calves.
Mothers of juveniles were found to have greater dive times than mothers of newborns or
infants. Finally, the analysis of nursing position did not appear to provide reliable
results due to the rarity of observations of this behaviour. All of the behaviours
characterising mother-calf relationships changed as a function of the age category of the
calves considered, reflecting the improvement of calves’ motor skills, allowing them to

gradually gain more independence from their mothers.

2) Limitations and significance

This study has been limited by a series of factors that must be outlined in order to
appreciate the significance of the results obtained. For example, the fact that common
dolphins in the Hauraki Gulf inhabit shallower waters than other populations worldwide
needs to be considered. As the habitat occupied by a species is likely to influence its
behaviour, the hypothesis that common dolphins, and more specifically mother-calf
pairs, found in offshore waters may behave differently cannot be rejected. Therefore,
the conclusions drawn in this study only apply to common dolphins in the Hauraki Gulf

and should not be considered in this context.

Previous studies conducted on mother-calf relationships in bottlenose dolphins have all
taken place in a controlled environment, either in captivity (McBride and Kritzler, 1951;
Cockcroft and Ross, 1990; Peddemors, 1990; Reid ef al., 1995; Gubbins ef al., 1999;
Nordensten et al., 2003), or in areas where dolphins are provisioned (Mann and Smuts,
1998, 1999; Mann et al., 2000). As these environments provide easy access to the
dolphins for extended periods of time, they offer greater opportunities to observe
behaviours that cannot be monitored with wild populations. Mann and Smuts (1999,
p.555) acknowledged the fact that ‘in the absence of the provisioning area, comparable

data on newborns would have taken many years to obtain’. Although the common
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dolphins found in the Hauraki Gulf inhabit relatively shallow waters for the species, the
conditions for observations are still rather challenging compared to that of controlled
habitats. These conditions, combined with the fast movements that characterise common
dolphins, limited the possibility to observe mother-calf pairs for extended periods of
time and resulted in short focal follows. The fact that this study was conducted from a
commercial tourist boat has also contributed to the short amount of time spent with each
mother-calf pair.

Conducting observations from a boat also obliges the researcher to consider its potential
impact on the animals. In the present study, mothers and their newborn calves were less
likely to approach the boat at close distances, which resulted in a small number of focal
follows conducted on newborn common dolphins, compared to the sample size obtained

for juveniles and infants.

The controlled environments in which mother-calf pairs of bottlenose dolphins have
been observed have also enabled focal follows on the same individuals over time, and
therefore the witness of the growth of calves and the ability to obtain longitudinal data.
These types of data are likely to be the most reliable and efficient approach to the study
of mother-calf relationships, as they allow the researcher to consider individuals’
differences (Martin and Bateson, 1993). In the present study, longitudinal data could not
be collected. In fact, the population of common dolphins in the Hauraki Gulf is likely to
contain a few hundred individuals and the chances of resighting the same female with
her calf over the time frame of this study were relatively low. Therefore, each focal

follow conducted in this study is likely to represent a different mother-calf pair.

Nevertheless, captivity and provisioned areas also involve disadvantages in the study of
mother-calf relationships. Both environments have proved to have an impact on the
dolphins’ behaviours (Cockcroft and Ross, 1990; Mann and Smuts, 1999; Mann et al.,
2000), and Mann and Smuts (1999) indicated that calves of provisioned females
experience greater mortality than calves of non-provisioned females. Limiting studies to
captive and provisoned animals also highly restricts the range of species that can be
investigated. The results obtained for common dolphins suggest that an alternative to
longitudinal data on a small number of calves could be to focus on obtaining cross-
sectional observations for a larger sample. In fact, the present study has provided

significant results, similar to what had previously been obtained for bottlenose dolphins,
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and therefore show that studying mother-calf relationships in wild populations of
dolphins can be achieved. Such a conclusion has great implications for future studies to

take place.

This study contributes to a better understanding of common dolphins in many ways. In
fact, it provides information on a topic never investigated before for the species, and in
which our knowledge has been highly restricted to bottlenose dolphins. More
specifically, this study specifies the conditions that appear to be of great importance for
the survival of common dolphin calves, as well as the behaviours that characterise the
period of high vulnerability. Considering the fundamental role that mothers play in
sustaining dolphin societies, this type of information is crucial in protecting the

population as a whole.

By increasing our understanding of the habitat use made by female common dolphins
and their calves, the results of this study have also lead to a better appreciation of the
potential effects of different threats. The Hauraki Gulf is under the influence of the
ever-growing city of Auckland. Considering the importance of the Hauraki Gulf for
common dolphins demonstrated in this study, an increase in pollution, commercial
fisheries, tourist operations, and the number of recreational boats, could potentially

impact the welfare of this population.

This study also provides baseline data on common dolphins’ breeding patterns that will
enable future assessment of the potential effect of changes in their habitat. Baseline data
have been identified as particularly useful in assessing the impact of ecotourism on
dolphins (Bejder and Dawson, 1999; Constantine, 1999). ‘Dolphin Explorer’ is
presently the only commercial operator offering ‘swim with’ and dolphin watching trips
out of Auckland, but further commercial permits are likely to be issued in the years to
come. The information gathered in this study will allow the investigation of the impact

of a growing number of commercial and recreational boats in the area.

3) Future research

Considering that the collection of longitudinal data on a species that forms large

populations such as the common dolphin is highly improbable, future research should
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concentrate on obtaining focal follows of longer duration and for higher numbers of
calves. Increasing the strength of the sample would increase confidence in the results

obtained in this study.

Observations made in this study suggested that shallow waters could potentially be
advantageous for mother-calf pairs, but these observations were too rare to draw any
conclusion. Therefore, a focus should also be made on investigating the shallow parts of
the Hauraki Gulf, especially during the summer time, in order to assess the exact use

made of these areas by mothers and their calves.

The distribution of mother-calf pairs within common dolphin groups could not be
investigated in detail in this study. The frequent associations observed between these
pairs require further attention. Such an approach would also allow a better description of
the position of mother-calf pairs within feeding aggregations and therefore to allow

greater understanding of their dynamics.

As most common dolphin groups observed in the present study were involved in
feeding activities, efforts shoud also be made to record the behaviour of mother-calf
pairs in a wider variety of contexts. Such observations would allow the investigation of
whether the activity budget of common dolphins varies with group type, but also to

eventually witness different behaviours displayed by calves.

The population of common dolphins in the Hauraki Gulf seems appropriate as a site to
expand our knowledge on mother-calf relationships in the species, and the use of a
different research platform is likely to enable such studies to take place. However,
future research should also be undertaken on other populations of common dolphins
around the coast of New Zealand, in order to assess the proportion of calves in other

areas and therefore to better understand the role of the Hauraki Gulf for the species.

Finally, the use of cross-sectional data to investigate mother-calf relationships should be
considered for other populations of common dolphins, as well as other species of
cetaceans worldwide. In fact, this kind of study would allow us to increase our
knowledge on the population dynamics of a wide range of species, and enhance our

understanding of cetacean societies as a whole.
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4) Management recommendations

In light of the results obtained from this study, a number of different recommendations

can be made which could enhance the conservation of the species.

Firstly, considering the high proportion of common dolphin groups containing calves in
the Hauraki Gulf, decisions regarding the development of dolphin-based tourism in the
area should take into account the implications of these findings. For example, the
potential impact of additional marine mammal tourism operations could have on the
population of common dolphins in the Hauraki Gulf should be assessed before further
permits are issued. Due to the small number of groups without calves, no further ‘swim
with the dolphins® permits should be issued for the Hauraki Gulf, as it could

significantly increase the pressure exerted on these groups.

Secondly, accurate definitions of calves should be used within the Marine Mammals
Protection Regulations, especially in the frame of ‘swim with dolphins’ operations. The
term ‘juvenile’ contained by these regulations should be clarified by stipulating that a
juvenile dolphin is identified as any individual smaller than the one it accompanies.
Considering the high vulnerability of young common dolphin calves demonstrated in
this study, the misinterpretation of these regulations (which currently offer no definition

for ‘juvenile’) is likely to have detrimental consequences for the dolphins.

Thirdly, considering that mothers and their newborn calves kept the greatest distance to
the boat, specific guidelines regarding approaches towards groups containing newborn
calves should be included in the regulations. The use of ‘best endeavours to operate
vessels, vehicles and aircraft so as not to disrupt the normal behaviour of any marine
mammal’ (Appendix 1) should be emphasised for this type of group. Within groups of
dolphins that contain newborn calves, individual mother-calf pairs should not be

approached intentionally; this fact should also be integrated into these regulations.

Fourthly, efforts should be made to educate the public on the Marine Mammals
Protection Regulations. The waters of the Hauraki Gulf are frequently visited by
numerous recreational boats which are likely to encounter common dolphins on their

journey. Due to the vulnerability of young calves, boat owners should be made aware of
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the risks of boat mishandling and swimming around groups of dolphins containing

small calves.

5) Conclusion

In conclusion, answering the four general research questions set at the beginning of this
thesis has lead to a significant increase in our understanding of common dolphins’
reproductive ecology. This study has resulted in an improved appreciation of the
importance of the strategies used by female common dolphins in order to protect their

young, and the role we, in turn, can take to ensure their survival.

This study has also emphasised that the study of mother-calf relationships in wild
populations of pelagic delphinids is indeed possible. Consequently, it has demonstrated
the additional opportunity to enhance our understanding of cetacean societies in the

years to come.

Considering the time frame of this study and the challenges represented by both the
species and the research platform used, the results obtained represent an important
advancement in our knowledge of common dolphins, and hopefully provides an

inspiration for future studies.
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APPENDIX 1

An outline of the Marine Mammals Protection Regulations (1992) that are relevant to
this study:

R. 18. CONDITIONS GOVERNING COMMERCIAL OPERATIONS AND
BEHAVIOURS OF ALL PERSONS AROUND ANY MARINE MAMMAL -

Every commercial operation, and every person coming into contact with any class of

marine mammal, shall comply with the following conditions:

(a) Persons shall use their best endeavours to operate vessels, vehicles, and aircraft so as

not to disrupt the normal movement or behaviour of any marine mammal

(b) Contact with any marine mammal shall be abandoned at any stage if it becomes or

shows signs of becoming disturbed or alarmed:

(c) No person shall cause any marine mammal to be separated from a group of marine

mammals or cause any members of such a group to be scattered:

(d) No rubbish or food shall be thrown near or around any marine mammal:

(e) No sudden or repeated change in the speed or direction of any vessel or aircraft shall

be made except in the case of an emergency:

(f) Where a vessel stops to enable the passengers to watch any marine mammal, the
engines shall be either placed in neutral or switched off within a minute of the vessel
stopping:

(i) No person shall disturb or harass any marine mammal:

(k) No person, vehicle, or vessel shall cut off the path of a marine mammal or prevent a

marine mammal from leaving the vicinity or any person, vehicle, or vessel:
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(1) Subject to paragraph (m) of this regulation, the master of any vessel less than 300
metres from any marine mammal shall use his or her best endeavours to move the vessel
at a constant slow speed no faster than the slowest marine mammal in the vicinity, or at

idle or “no wake” speed:

(m) Vessels departing from the vicinity of any marine mammal shall proceed slowly at
idle or “no wake” speed until the vessel is at least 300 metres from the nearest marine
mammal, except that, in the case of dolphins, vessels may exceed idle or “no wake”
speed in order to outdistance the dolphins but must increase speed gradually, and shall

not exceed 10 knots within 300 metres of any dolphin:

R. 20. SPECIAL CONDITIONS APPLYING TO DOLPHINS OR SEALS —

In addition to complying with the conditions set out in regulation 18 of these
regulations, any commercial operation and any person coming into contact with
dolphins or seals shall also comply with the following conditions:

(a) No vessel shall proceed through a pod of dolphins:

(b) Persons may swim with dolphins and seals but not with juvenile dolphins or a pod of

dolphins that includes juvenile dolphins:

(g) A vessel shall approach a dolphin from a direction that is parallel to the dolphin and
slightly to the rear of the dolphin.
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APPENDIX 2

Example of a focal follow conducted on a mother-infant pair of common dolphins on

the 8™ of December 2003:

13h35m20 Three mother-calf pairs at the bow, including two infants and one juvenile.
Start of focal follow on one of the infant and its mother. Infant is swimming in echelon
position. No Foetal folds.

13h36m10 Synchronous breath.

13h36m17 Calf surfacing.

13h36m19 Mother surfacing.

13h36m25 Mother surfacing right after calf.

13h36m30 Calf separating for an approximate distance of five metres.

13h36m35 Calf rejoining the mother and synchronous breath.

13h36m43 Calf surfacing.

13h36m48 Mother surfacing.

13h36m50 Out of view.

13h37m06 Mother and infant back at the bow.

13h37m12 Mother surfacing.

13h37m18 Calf surfacing.

13h37m27 Calf surfacing right after mother, then separating for an approximate
distance of two metres.

13h37m46 Calf rejoining, mother surfacing.

13h37m48 Calf surfacing, then separating for for an approximate distance of five
metres.

13h37m58 Calf rejoining.

13h38m00 Calf for for an approximate distance of five metres.

13h38m06 Calf surfacing.

13h38m10 Calf rejoining.

13h38m15 Synchronous breath.

13h38m22 Mother surfacing.

13h38m25 Calf surfacing.

13h38m40 Mother and calf left the bow, end of focal follow.
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