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“It is not the strongest of the species that suryimer the most intelligent, but

the one most responsive to change”.
- Charles Darwin



Declaration
This work has not previously been accepted in suost for any degree and is not being

concurrently submitted in candidature for any degre

SIgNed ... (candidate)

STATEMENT 1

This thesis is the result of my own investigatiogs;ept where otherwise stated. Where
correction services have been used, the extemaiode of the correction is clearly marked in
a footnote(s).

Other sources are acknowledged by footnotes gexpdicit references. A bibliography is
appended.

Signed ... (candidate)

STATEMENT 2

| hereby give consent for my thesis, if acceptedéd available for photocopying and for
inter-library loan, and for the title and summar\be made available to outside organisations.

SIgNed ... (candidate)

NB: Candidates on whose behalf a bar on access hasdm@oved by the University
should use the following version of Statement 2:

| hereby give consent for my thesis, if acceptedé available for photocopying and for
inter-library loansafter expiry of a bar on access approved by the Uwersity.

SIgNed ..o (candidate)



Acknowledgements

There were many people that contributed to the detiop of my MSc thesis. Firstly, I'd like
to thank my project supervisor, Bruno Diaz Lopexz dll his help, and for answering my
incessant and sometimes stressed-out emails. ¥oel avgreat teacher and supervisor.

Thanks so much for everything, | really appreciatedr support!

Also, | would like to thank our course director, Dohn Goold, for opening my eyes up to all
things marine mammal! | learned so much in my ydangor, and much of this can be
attributed to him sharing his love of marine marsnahnother big thanks goes out to my co-
supervisor Kevin Robinson for most importantly a@ucing me to Bruno, but also for giving

me thesis tips and for helping to review my writadgng the way.

My thesis and life at Bangor would have not beem@ete without the support from my
amazing classmates, especially Eleanor, Joana, Maghan, Ruth, Sharon and our only
boy, Simon. We shared in all the ups and dowrautjinout the year, both in and out of the
classroom, but in the end it was all worth it.nblw that | have made many lifelong friends

out of this deal, and maybe even future colleagues!

| would also like to thank the BDRI staff and voleers, especially Andrea, for all their help
and support this summer, both in learning aboytldak, but also with helping to improve
my ltalian as well! It was an experience and sumtiat | will never forget. Thanks also to

the dolphins for showing up on those days whenjysureally needed to collect more data!

And last but definitely not least, | would like tilank my parents, family and friends, whom,
without their love and support | never would haveda it this far in life. Love you guys!

Thanks to everyone along the w&y!



Abstract

This study aimed to determine the relationship ketwbottlenose dolphin dive behaviour and
boat traffic. Marine traffic has previously bedrserved to elicit responses in cetacean
behaviours, but the cause and effects of thesmutiens has yet to be fully understood.
Diving behaviour of free ranging wild bottlenosdmtuns on the northeastern coast of
Sardinia, Italy was observed using non-invasivealiobservations of focal individuals and
groups. A total of 1012 dives, totalling 160 hgurere observed. Short and long dives were
discriminated between by using the median dive tthng12 seconds) as a cut-off. Five dive
parameters (dive rate, short dive rate, long date,rdive efficiency and maximum duration)
were used to facilitate and enhance dive analyB@at data, type and level of presence,
clearly demonstrated a seasonal trend betweengmebkon peak periods. Tourist boats were
most present during peak summer season, whergagyfisoat presence was uniform
throughout the year. Dive behaviour also diffesedsonally. When tourist boat presence
was at its highest, there was an observed inciedsgvelling behaviour; this was reflected

by low short dive rates, and shorter long divesabdsence of tourist boats, and during feeding
behaviour, dive behaviour was represented by isectong dive durations, and increased
frequency of short dives. Fishing boats did nwitehny changes in dive behaviour. The
residential tendencies of this bottlenose dolpbmmunity may have lead to some tolerance
to marine traffic, but it is obvious that they atédl responding to tourist boats. Group
surfacing rates did not differ between boat apgr@aw non approach situations, which may
be suggestive of a “safety in numbers” strategyeiFscale behavioural observations, such as
dive behaviour analysis, could prove to be vitalfoderstanding the potential long term

implications of dolphin-boat interactions.
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1. Introduction

1.1. Bottlenose Dolphin Tursiops truncatu$

Bottlenose dolphinsTursiops truncatuysare a truly cosmopolitan species with a world evid
distribution (Figure 1.1); they are environmentadlglaptive and range from temperate to
tropical climates in a variety of habitats inclugliastuaries, pelagic waters and open coastal
zones (Shane, 1990b). Much of their popularitynstérom them being the most common
cetaceans in public aquariums (Lott, 2004), butetktensive geographical range and flexible
existence of the species makes it one of the nexsignized, and equally one of the most
studied, cetaceans in the world. Free rangingyd Wdttlenose dolphin populations can be
found in the Atlantic, Pacific and Indian Oceans, well as the Black, Red and the
Mediterranean Sea (Wells & Scott, 2002; EisfieldD2, Diaz Lopezet al, 2002), each of
which may face different environmental and anthggroc pressures. This variability may
contribute to inter-population differences, suchrekative abundance, site fidelity, social

dynamics and behaviour, for example.

80
Bl Bottlenose Dolphin Tursiops truncatus

Figure 1.1: Map showing the global distribution ofTursiops truncatus Reproduced with kind

permission from the American Cetacean Society www@S.online.org.

Movement tendencies of bottlenose dolphins can 9éraad as their distribution; some

display residential tendencies within specific aré&cottet al, 1990; Wilsonet al, 1999;
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Diaz Lopez, 2002; Zolman, 2002), while others &@ught to be migratory or even nomadic
(Wilsonet al, 2006).

Bottlenose dolphins, as all other dolphin and wisglecies, are marine mammals belonging
to the Order Cetacea. They are toothed (SubordentOceti) animals that are members of

the taxonomic family, Delphinidae (Table 1.1).

Kingdom |Animalia |
Phylum |Chordata |
Class  [Mammalia |
Order [Cetacea |
|
|
|
|

ISuborder |Odontoceti
Family  [Delphinidae
Genus  |Tursiops
'Species |truncatus

Table 1.1: Taxonomy of the bottlenose dolphinT{ursiops truncatus.

The first accounts of bottlenose dolphins date& sageral million years ago, (Barnes, 1990),

and fossil records estimate delphinids appearirtgegrmyocene period (Wells & Scott, 2002).

1.1.1 Physical Characteristics

The bottlenose dolphin has several distinct physieatures which facilitate successful
identification. The body colour is typically a siued blend of brown to charcoal or grey,
with a much lighter belly/ventral side. The rostrdends to be short and stubby, and the
species boasts a generally robust head with a peorthimelon, and a body shape that tapers
behind the dorsal fin. Slight physical variationgsefor different populations, most likely a
response to area-specific adaptations (LeathendoRdeves, 1983).

The bottlenose is a sexually dimorphic speciesh witlles attaining a larger body size than
females. Newborns measure 0.9-1.2m at birth andtsadan reach a maximum length of
approximately 4.1m (Leatherwood & Reeves, 1983he Mmajority of growth occurs within

the first two years of the lifecycle (Wells & Sco#002). Different body size ranges are
known to exist between different populations. Larg@imals, for example, are usually



associated with colder and/or deeper waters sut¢hose found in the North Sea (Eisfield,
2003),

Size differentiation between inshore and offshoopybations in the Pacific and Indian
Oceans has sparked questions regarding the cummdtypic taxonomic classification of the
genus,Tursiops spp There is evidence of a second, smaller siaagiopsspeciesTursiops
aduncus in some bottlenose dolphin populations off Soéfrhica (Ross, 1977), Australia
(Moller & Beheregaray, 2001) and China (Waetgal, 2000), but considerable overlapping
characteristics have complicated definitive change3ursiopstaxonomy and evolution.

This report will focus solely ofursiops truncatus

The maximum life span for bottlenose dolphins isnested at 40-50 years, with females
reaching the higher end of the range. Sexual ntptecurs earlier for females than males, at
5-13 years for females (Marat al, 2000) and approximately 9-14 years for malesl|@\&
Scott, 2002). The gestation period lasts approteiya 2 months (Manet al, 2000), and
calves suckle for 1.5-2 years, although some m@yresome level of maternal dependence
for up to 6 years (Wells & Scott, 2002). Birth seaality depends on area, but most studies
have found the majority of birthing to occur in thgring and summer months (Maenal,
2000).

1.1.2 Sociality

The bottlenose dolphin is a very social animal eiimg dynamic group size and structure.
The “fission-fusion” nature of their associatiossdefined by small groups of individuals in
which group composition is highly variable (Whitd992 in Lusseauet al, 2003).
Associations have been observed to last anywhera minutes to years (Connor, 2001,
Lusseatet al, 2005).

Although general associations are quite fluid irtura (Jeffersonet al, 1993), many
populations show trends in social structuring. €tegt al. (2004) showed that associations
between dolphins were not random, and individuplseared to have some companions
which were more or less preferred. Most populatierhibit stronger associations between
individuals of the same sex, which seems to beetinto reproductive status (Lussesual,
2003; Rogerset al, 2004), but mixed sex groupings have also beamdoin some
populations (Eisfield, 2003; Lusseatial, 2003). Maternal investment is high for bottlsao

3



dolphins (Mannet al, 2000), and as a result, mother and calf assoogire among the
strongest. This is especially evident during thst fyear when the calf is still highly

dependent.

Whilst group size is generally thought to increasin marine depth or “openness” (Shaete
al., 1986), in coastal bottlenose populations thEcslly ranges from 2 to 29 individuals
(Shaneet al, 1986; Scottet al, 1990; Bearziet al, 1997; Diaz Lopez, 2002; Eisfield &
Robinson, 2004; Lusseaet al, 2003; Kerret al, 2005), with offshore populations often
found in larger groups sometimes consisting of hedsl of dolphins (Jeffersaet al., 1993).,
but it is important to note that in each independ&dy, the definition of “group” and “group

size” will influence how dolphin presence is detered (Shanet al, 1986).

1.1.3 Behaviour

The behaviour of bottlenose dolphins is very compsnd often fluctuates seemingly
unpredictably. Studies have concluded that belwav® not solely impacted by one factor,
but instead is “dictated by a complicated web deracting elements” (Shane, 1990a).
During its relatively long life span, this “highbdaptive” species shows a repeated ability to
learn and adapt its behaviours to optimize itsigability (Shane, 1990b); displaying a “large
degree of behavioural plasticity” (Paetal., 1998).

Bottlenose dolphin behaviours have been dividea many categories; the most common of
these are travelling, socializing, feeding andings(Shane, 1990a). Feeding (Diaz Lopez &
Bernal Shirai, 2006) and travelling (Shane, 19%0a)typically the most frequently observed,
or perhaps most easily identified behaviours (Ly895).

As highly opportunistic feeders, bottlenose dolghare able to exploit those prey species
most readily available and/or abundant. The sgdués a large range of prey species which
consist mostly, or in some cases completely (Ba&od&/ells, 1998), of fish, but may also
include smaller proportions of cephalopods andtanesans (Barros & Odell, 1990; Sangis
al., 2001). Intraspecific variability in diet comptisn often exists between geographically

distinct populations as a result of environmengalation (Lewis & Schroeder, 2003).

Bottlenose dolphins also exhibit a wide array oédieg techniques which are highly
dependent on temporal and environmental conditi@hane, 1990b; Pa&t al, 1998; Diaz

4



Lopez, 2006). Feeding may involve both individaatl cooperative behaviours (Bel'kovich,
1991, Eisfield, 2003; Diaz Lopez, 2006) such asayl feeding rushes (Shane, 1990a; Diaz
Lopez, 2006) and group herding of prey fish (W&lIScott, 2002; Diaz Lopez, 2006) .

Behavioural analysis involves many challenges dmWieurs can change as quickly as their
social networks and their ability to quickly “digzgmar”. Many behaviours, other than
feeding, have been identified for bottlenose daiphsuch as travelling, socializing, resting,
etc. (Shane, 1990a). Travelling behaviour is oftepresented by continuous, directional
swimming, while feeding is often represented bygkmdives in one area or visible foraging
on various prey. Both travelling and feeding bebtars have been associated with diurnal

and seasonal patterns (Brager, 1993; Lynn, 1995).

1.1.4 Mediterranean Common Bottlenose Dolphin

In the Mediterranean Sea, the common bottlenogehdols one of the most abundant coastal
cetacean species (Figure 1.2), but despite thmylptton numbers have suffered a decline in
the last 50 years. Mediterranean bottlenoses eievied to be geographically isolated from
Atlantic populations, and are most commonly fourhoing the continental shelf in water
depths less than 200m (Bearzi & Notarbartolo Da&xi1992; Bearzi, 2002).

Regular

Present

Rare or absent

No data

Figure 1.2: Geographic distribution of the commonbottlenose dolphin in the Mediterranean

Sea. (Adopted from Reeves & Nortarbartolo di Sciaa, 2006).



The diet of Mediterranean bottlenose dolphins iss@kient with other populations, and
consists of mainly fish, but also cephalopods andtaceans (Alessandsi al, 2001; Blanco

et al, 2001). The high abundance of fish in their deincides with them being one of the
species most frequently involved in fisheries iatgions in the Mediterranean (Bearzi, 2002).
Numerous reportings within the Mediterranean inelwbservations of dolphins following
fishing boats and trawlers (Fortuatal, 1998; Pacet al, 1998; Bearzi, 2002), presumably
using them as opportunistic feeding platforms. di&tsi have also shown the increased use of
fishing nets and gill nets as alternate sourceprel (Diaz Lopez, 2006) as well as the

exploitation of marine fish farms (Diaz Lopetzal, 2005).

Mediterranean bottlenose dolphin populations aeensegly more dispersed, and are found in
smaller entities than in other populations (Bea2202; Diaz Lopeet al, 2005). Group size
of the Mediterranean populations ranges betwee# ibdividuals (Gannier & Gannier, 1990;
Bearzi & Notarbartolo Di Sciara, 1992). Off the fifeeast coast of Sardinia, where there is
evidence of resident individuals, group size isyéeer, found to be smaller, comprising as
few as 4 or less animals (Diaz Lopszl, 2005).

1.2 Respiration and Diving Behaviour

Cetacean species, in general, are difficult to ystuetause the majority of their time is spent
underwater. Their behavioural activities are re#dily visible to researchers and observers
as they disappear during dives whilst leaving malitmaces of their whereabouts (Mann,
1999). Unfavourable sea and weather conditionshdurreduce the quality of dolphin
observations, significantly limiting comprehensostacean research (Hooker & Baird, 2001).
Fortunately for scientists, underwater activitiesstrbe interrupted by bouts of surfacings, for
the purpose of respiration (Baied al, 2005). Surface observations of dive behaviaur lwe
gathered opportunistically to gain insight into tleneral respiratory behaviours of cetaceans.
Analysis of dive behaviour is therefore consideaetliable method for studying the overall
ecology of a marine mammal species and can beaitigdécof how a species uses the water
column (Bairdet al, 2005; Bernal Shiragt al, 2006).

Respiration is correlated with physiological resges1 For example, there is a direct
relationship between the respiration rate and thtabolic rate of bottlenose dolphins (Yazdi
et al, 1999; Lusseau, 2003); increased metabolism tiegulin an elevated oxygen

requirement (Lusseau, 2003). Fluctuations in mdiabate might result from increased



energy output required for diving, changes in swingnspeed, and also heightened stress

levels in the presence of disturbances (David, 002

Both aerobic and anaerobic respiration can be tsddel activities such as swimming and
diving. The aerobic dive limit is the maximum kte&old that can be supported by available
oxygen reserves, (i.e. before complete depletioroxfgen stores) (Yazdet al, 1999;
Kooyman & Ponganis, 1998; Williaet al, 1999). Prolonged dive times, over the aerobic
dive limit, are energetically expensive (Mori, 19%nd result in the unfavourable use of
stored oxygen from the body tissues due to lackinintake (Lusseau, 20035ubmergence
durations dictate the respiratory responses ingblvéh diving (Williamset al, 1999) but
divers should primarily rely on aerobic respiratidinergy demands will depend on both dive
duration and dive depth (Williamet al, 1999). To achieve longer submergences, animals
must balance the physiological costs of diving with amount of available oxygen reserves
(Kooyman, 1989; Williams, 2001). Restoration césh oxygen stores is vital following long,
drawn-out dives and is achieved by repeated ondete surfacings. These surface durations
are thought to be related to the aerobic dive I{Rdrtunaet al, 1998) as the frequency of
ventilation dives serves as an indicator of theéseablishment” or recovery of oxygen and

carbon dioxide levels in the tissues (Hooker & Balr999, Fortunat al., 1998).

Hooker & Baird (2001) describe diving behaviouhae separate classification units: surface
behaviour and subsurface behaviour. The formeshes visual, and sometimes acoustical,
observations of surface activities considered tande&ative of dive behaviour, whereas the
latter involves the employment of technologicalsaglch as sonar, tags and time depth
recorders (TDRs) to quantify dive characteristiosiderwater vertical movements, and

information pertaining to dive depth and dive diorat

Dive behaviour encompasses several actions and esgbnte times can therefore be
indicative of specific underwater behaviours (Pdha& Bearzi, 1993). Studies have found
that dolphin breathing rates vary significantlywiespect to different behavioural activities,
such as travelling, foraging, resting and sociafiziShane, 1990; Fortueaal, 1998; Bearzi
et al, 1999, Diaz Lopez & Shiray, 2005). Longer diaes most commonly observed during
foraging behaviour (Shane, 1990; Brager, 1993; Raad, 1998), whereas short dives are
thought to serve as either respiratory bouts ortler purpose of travel (Hooker & Baird,
2001).



Dive and surface behaviours (including both divegirency and duration) are very dynamic
and are readily influenced by many factors (Bagtdal, 2005) including water depth
(Curnier, 2005), boat presence (Janik & Thompsd@961 Nowaceket al, 2001), prey
abundance (Acevedo-Gutierrez & Parker, 2000), tofieday (Baird et al, 2005) etc.
Researchers have observed various responses te thewrs, including longer dives
(Curnier, 2005), fewer surfacings, shortened ibteath intervals, varied dive patterns
depending on spatial arrangement of prey, and fetwses at night, respectively. Dive
variability has also been used to interpret thegete costs involved with many behavioural
activities, such as different foraging strategiEsr{unaet al, 1998), opportunistic feeding
behaviour (Pacet al, 1998), diurnal dive patterns (Mag¢ al, 1995) and responses to boat
traffic (Nowaceket al, 2001).

1.3 Boat/Human Presence

Most bottlenose dolphin populations are found opamic coastlines. Maritime traffic is
often very high in these seaside regions, and dwphhabiting or exploiting these areas are
readily exposed to heightened levels of boat trafiihere has been a steady incline in marine
traffic over the past few decades (Hildebrand, 2084d there is increasing evidence that
marine traffic is threatening to cetacean poputstigGoodwin & Cotton, 2004). Increased
human presence in coastal geographic areas, ekpédcieng peak tourism season, increases
the frequency of dolphin-boat contacts and intésast(Hastieet al, 2003), which inevitably

increases the potential for disturbances.

Boat encounters may elicit a variety of cetacedrabieural responses. Observed changes in
behaviours include decreased surfacing frequeridask & Thompson, 1996), shorter dive
times (Nowacelet al, 2001), changes in group composition and habisat of humpback
whales (Scheidat al, 1999), changes in behavioural activity and aang tactics (Lusseau,
2003), and increased call durations of killer wed@rcinus orcu} (Footeet al, 2004).

Dolphin reactions to boats are often classifiedtanrms of positive, negative or neutral
responses (Crosti & Arcangeli, 2001; Goodwin & ©60it2004; Leung Ng & Leung, 2003).
In general, positive reactions are behaviours sischoat approaches and bow riding, while
negative reactions include when the animals moweyaw change swimming direction/speed
or exhibit increased dive times. Neutral respormesthose where there is no noticeable
change in behavioural activity (i.e. feeding, tiéing, etc) and animals appear “uninterested”.

These classifications are only quantitative in rgtlhowever, and therefore it is still difficult
8



to actively determine if the animals are respondmg¢he presence of boats, the type of boat

interaction, and/or to the increase in underwatésenlevels (Goodwin & Cotton, 2004).

Contrary to what may be perceived, positive respemsay still have serious consequences
for animals. A positive reaction might still incextra metabolic costs, for example, if it
interferes with the time and energy invested imlviiehaviours such as foraging (Janik &
Thompson, 1996) or also if it interrupts importaesting behaviour patterns (Constantate
al., 2004). Excessive anthropogenic presence mayirtisrfere with other activities such as
feeding, mating, calving and social interactionsa(dhet al 2003). Changes in the “normal”
durations of these behaviours are clearly evidesmnfstudies examining the interactions
between bottlenose dolphins and dolphin tour b¢@tssti & Arcangeli, 2001). These tour

boat-elicited behavioural changes may have impbenergetic implications.

The degree of behavioural response can be infleebgedifferent types of boats, and also
dependent on the level of boat presence. Encaumtbich are perceived as threatening
increase the sensitivity of animals to anthropogetivities (Constantinet al, 2004). Boat
interactions which are long in duration, deemecusive, or those which are unpredictable in
nature are more likely to elicit evasive or negatdehaviour (Lusseau, 2003). Small, moving
motor boats and other similar planing-hulled bdaise been found to elicit more negative
reactions than other types of moving boats (Cotisiaet al, 2004). Whale and dolphin
watching boat interactions are increasingly comnmocoastal areas. The behaviour of these
tourism boats is unique from most other vessethanhthey attempt to follow the dolphins for
the purpose of prolonged encounters, often regulinerratic movements by the vessel
including quick changes in speed and directionis Type of boat behaviour has been found

to produce stronger responses (Lusseau, 2003).

Vertical and horizontal evasive movements are comnesponses exhibited by dolphins in
the presence of boats. These aversion tactics haee likened to predator avoidance
strategies, in which animals change their locattirection or movement patterns in order to
avoid a potential threatening situation (Lusse®032. Group synchronization of behaviours,
such as breathing (Hast al, 2003), foraging and resting (Constanteteal, 2004) in the

presence of boats, is also thought to a type ofpaatiator response which helps to maintain

high levels of social cohesion of groups.



Fishing boats and trawlers often provide dolphinghva chance for a “free meal” and
therefore may elicit opportunistic approaches toitedize on higher than normal fish density,
within and surrounding fishing nets (Wells & Scd2002). Alternatively, fish dispersion,
resulting indirectly from boat presence, may algovihat is causing an increase in animal

movements, as they chase the alarmed prey (Jamikofnpson, 1996).

The distance between the focal individual or gram the boat is also significant in
determining the type and extent of reaction (Nowaeeal, 2001). Janik & Thompson
(1996) found that dolphin surfacing rate in sogabups decreased with the presence of
approaching boats, for example. Decreased sugaaies of groups, when comparing before
and after boat presence, suggested that animalbitedhlonger dives in avoidance of

approaching vessels.

Most dolphin species are relatively long-lived, attise residing in coastal areas with
consistently high levels of marine traffic may hagpeated exposure to boats and disturbance
levels over their lifetime. Chronic exposure maydspecially evident for animals with high
site fidelity and similarly for those found in srhaédolated populations (Constantie¢ al,
2004). Bottlenose dolphins in Sarasota Bay hayemsnced long term exposure to marine
traffic, but boats continue to elicit short termanbes in dolphin behaviour (Nowacekal,
2001). Similarly, in New Zealand, regular and fregqt exposure to boats continues to elicit

irregular responses of bottlenose dolphins in tha éConstantinet al, 2004).

Conversely, animals may experience what appeadbe @ de-sensitization to boat traffic, on
the basis of a reduced response. Habituationsrédea decreased sensitivity over time due to
repeated exposure and/or continuous stimuli. Bffyic habituation occurs when it is not
energetically necessary for an animal to adopt \aidance response (Richardsen al,
1995) or when there is neither cost nor benefa &iimulus (Bejdeet al, 2006). Frequent
occurrence of high levels of marine traffic in Abeen, Northeast Scotland, have seemingly
resulted in habituation of the dolphins to boaisi(&t al, 2005).

It has clearly been established that boats cangehandisturb marine mammal behaviour, but
with world wide marine traffic on the rise, thesgeractions may continue to impede or alter
marine mammal activities. Extensive disturbanapeeially within small communities or

populations may drastically change the structurditoess of these groups. Finer scale

behavioural research is needed to better determimneh aspects of behaviour are being
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modified, in attempts to understand the implicagiohthese responses. Special consideration
should be placed on not only short-term effectsdmuthe long-term implications; this will be
useful for successfully monitoring and managingin&traffic, in hopes of minimizing their

negative effects on marine mammals.

1.4 Research Objectives

Boat induced changes in diving behaviour may haggoss implications for dolphin
populations habitually exposed to heightened matiaffic. Respiration is necessary for
survival and as such, changes in respiratory/dfeabiour pose both energetic and health

risks for these animals.

This project proposes the use of direct visual olzd®n of bottlenose dolphin diving

behaviour in Golfo Aranci, north-eastern Sarditaly in order to determine the relationship
between respiration patterns and boat presencéo &@nci is an area of high marine traffic
in the summer months, and boat presence over ttaialuof the research period will be used
to quantify the effects of this activity on dolphdiving. In this respect, the objectives of the

present study are:

i) to enlist and establish the usefulness of five gigeameters to better explain
observed variability in bottlenose diving behaviour

ii) to test for seasonal differences in both boat pesend bottlenose dolphin
dive behaviour and determine the relationship betwbese variables;

iii) to examine the variability of dive parameters witkpect to the level and type
of boat traffic observed as well as the presensefad®e of boats in the study
area;

iv) to examine behavioural differences and the subsgquakanges in dive
behaviour between types of boat present; and

V) to determine whether or not the presence of absehioeat approaches results

in subsequent changes in dolphin group surfacitesra

Most studies have only looked at the short-ternectéf of boat presence on cetaceans, but
these seemingly unimportant short-term effects nlegd to cumulative, long-term
implications. Determining the effects of boat fiabn diving behaviour is one step towards
understanding how these animals are affected bg, r@spond to, such anthropogenic

pressures.
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2. The Study Area

Golfo Aranci (40°59’'N, 009°37°E) is located on therth-eastern coast of Sardinia, Italy

(Figure 2.1). Studies of bottlenose dolphins im &éinea, conducted by the Bottlenose Dolphin
Research Institute (BDRI), have been ongoing sif@®¥l. This research has demonstrated a
degree of residency of identifiable individualstie area, and current predictions from mark

recapture studies estimate a minimum number ofcd@hths using this area (Diaz Lopet,
al., 2002; Diaz Lopez & Bernal Shiray, 2006).

Figure 2.1: Map of the study area (Golfo Aranci)on the North-eastern coast of Sardinia, Italy

Marine traffic in the Gulf of Aranci and the great@ulf of Olbia consists of a variety of boat
types including mostly sail boats, outboards, fighboats, ferries and trawlers. There is a
substantial increase in overall boat traffic durimg summer months of May to August,
which tends to peak in July and August (Diaz Légieal, 2002). The bathymetry of the area
deepens somewhat gradually and ranges from O toné®rs in depth (pers.comm, Diaz
Lépez). It is important to mention the presencea aharine fin fish farm in the Gulf which
operates 21 floating aquaculture style nets occupgpproximately 2.4 hectares (Diaz Lopez
et al, 2005).
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3. Methods

3.1. Data Collection

Behavioural observations were made from a 5.3m nzei vessel in the Gulf of Aranci and
surrounding area during the late spring/summer, Mafugust, 2006. Data collection was
performed using two methodologies; one examiniregdive behaviour of focal individuals,
and the second analysing surfacing rates of edtiphin groups, both with respect to boat
presence. For this experiment, dives and dive \beha refer to surfacing patterns and
durations of bottlenose dolphins without information dive depths (Hooker, 1999; Hooker
& Baird, 1999). Dive observations were only madeer sea conditions of less than 4 on the

Douglas scale.

3.1.1 Part A: Focal Individual Respiration Rates

This study focused on the direct observation oéfbiurface behaviour of focal individuals as
a non-invasive research method representativeeefriinging dolphin behaviour. Hastie
al. (2003) define surfacing as a “discrete, unamhiguevent” which can be easily classified;
focal observation presented a detailed way of efrsgisuch individual behaviour (Altmann,
1974; Mann, 1999; Hooker & Baird, 2001).

Respiration data was only recorded for focal irglinals that could be visually identified in
the field from “natural markings” present on thers#d fin or body surfaces using photo-
identification techniques (after Wilson, 1995). chAived photo-identification data from
BDRI, (comprising 34 recognizable dolphins withine tGulf of Aranci and the Gulf of Olbia)

were studied to facilitate individual recognitioh siudy animals during focal follows. The
small size of this resident community makes indigidfollows optimal; focal individuals

were generally recognized immediately, due to tl&rdtiveness of markings on their body,
without the need for later searches in the BDRItpharchives for positive matching. This
subsequently eliminated recognition uncertaintiésctv may have occurred whilst tracking

an individual when other dolphins were also present

The primary objective of each dolphin encounter veadetermine the composition and size
of each group and, when possible, to identify aafdaodividual for dive data collection.

During sightings involving the presence of 2, orrejovell-marked dolphins, a single focal

13



individual was chosen at random. Sampling of umidi@ble animals was only carried-out

when it was certain that the animal in question sagary (after Mann, 1999).

General sightings data for each encounter includémation on the location/area of the
dolphin sighting, the presence of boats, envirortalezonditions, behavioural activity and,
where applicable, swimming speed of the animalgl@iphins were travelling) and observed

fish presence (using an echo-sounder).

Sampling observations and methodology were madwywsicombination of both continuous
and instantaneous point sampling. Continuous sampivolved sampling all of the events
related to a desired behaviour, whereas instantsneampling involved observational
sampling of predetermined activities at fixed intds (after Altmann, 1974; Nowacek al,
2001). The focal animal sampling was based aamaneous point sampling (Mann, 1999).
Continuous sampling of dive behaviour commencetbvyohg the initial detection of an
identifiable focal individual and persisted untietanimal either left the area or until weather
conditions/light no longer permitted positive viswanfirmation. Instantaneous sampling
was carried-out at 3 minute intervals following thetiation of continuous sampling, at which
time the number of boats present within the viswaea was also recorded. Boats were simply
categorized by type: i.e. fishing boats, outboarss| boats and ferries. Any specific
reactions to varying boat types by the animals wkreumented. Fish presence and water

depth were also recorded instantaneously.

Respiratory data collection involved timing, to thearest second, the dive intervals of
dolphins using a digitalized stopwatch. . The steme of dive data collection was noted
followed by the chronological time, in seconds,each subsequent surface. Follows were
determined to be “finished” when positive confirmat of focal individual could not be

achieved, i.e. when the focal individual was na@bgnizable due to its position in the water,
when the focal individual surfaced too far away faccurate observation, or when
unambiguous identification was biased by the pmseaf other similarly marked, or

unmarked, individuals in proximity.

Surface events were classified during dive obsemst These events fell under one of five
distinct categories: regular dive, fast surfacel, stock, fluke(s) up, or “other”, which
included less frequently observed surface behasisuch as back breach, full leaps and spy
hops, for example. Following the definitions oha®e (1990a), a regular dive consists of a
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surface in which only the blowhole, back and dofsahre exposed; a fast surface is similar
to the regular dive, but is executed at higher dpeesulting in more of the dolphin’s ventral

side being exposed, as well as the formation otewvivater around the dolphins body; tail

stock surface is a dive where the dolphin’s baaihed and the tail stock (also known as the
peduncle) is exposed without the appearance oflukes; and fluke(s) up is a behaviour in

which the dolphin arches its back but this timehwiiukes visible above the water surface

before submerging (Shane, 1990a; Bernal Stata}, 2006).

Behavioural activities were divided into four commhpused categories: feeding, socializing,
resting and travelling, respectively (Shane, 19Blaz Lopez, 2006). Classification of
behaviours were determinedposteriorj after the field session was complete, and foldbwe
strict data analysis oin situ observations. These classifications were detethias a
function of focal group sampling using precise,eclive parameters such as dive duration,
swimming speed and heading, observation of pressemrce of fishing nets or fishing boats,
group behaviour, etc (after Diaz Lépez, 2006). diregwas distinguished, for example, by
repeated variable dives in one area, or feedinigesus Continuous, uni-directional swimming
was indicative of travelling, whereas resting wdassified as very slow movement or
drifting. Obvious physical contact and/or physidaplays and splashing between individuals

was indicative of social behaviour (after Shan&QED.

Whenever possible, in order to minimize the effexftboat presence on dolphin behaviour,
the engine of the research vessel was shut-down sgatuilized at fixed points during
observational recordings. When it was necessaifpltow focal individuals, the boat was
manoeuvred in a predictable, constant manner usingnal speed and avoiding any sudden
changes in direction. Sampling was carried outliierent times of the day (morning,
afternoon or evening) during the field season, ielitting a time of day bias across the
sampling period. Survey paths varied dependingpmvailing weather conditions and

sightings.

All data was entered into a relational databaséesygcompiled in Microsoft Access) for

subsequent analysis (illustrated below in Figuig.3.
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Figure 3.1: Schematic view of the BDRI Microsoft Acess database illustrating the dive data
forms (designed in MS Access by Diaz Lopemysed for inputting individual respiration and
general sightings data.The information entered into each form was interrehted by a
number of common fields or identities which faciliated extraction of information
required from simultaneous files. This was accom@hed by using the database’s

“Query” function.

3.1.2 Part B: Group Surfacing Rates

When identification of recognizable focal individsiafor respiration sampling was not
possible, boat-dolphin interactions were obsereedyfoups; a group being considered as one
or more dolphins in close proximity, engaged in $hene activity (after Shane, 1990a). The
first priority was to determine group size and cosipion. Following this, surfacing patterns
of dolphin groups in the presence and absence @ioaphing and non-approaching boats
were observed, independent of individuals (modifiedm methods used by Janik &
Thompson, 1996). The surfacing frequencies weream@xed in relation to
approaching/passing boats, or those in close vuwaimity. This was achieved by counting
the number of dolphin surfacings that occurred rdyn instantaneous one minute period
when dolphins were in direct presence of boatsnti@bgroup data was collected for group
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surfacing rates in the absence of boats, when atshwere detected within the visual range,
and when the observation vessel was also shut ddliease observations were also made for

one minute periods.

As with the focal individual sampling, classifiaani of behavioural status (feeding, travelling,
socializing, and resting) for all surfacing obseiwas were made following strict examination
of in situ data variables. The type of boat(s) in the dikecinity was recorded, along with

the number of boats that were similarly in the glsarea. General sightings data, similar to

those collected in the individual observations,eva&iso made for group observations.

It was not possible to directly determine indivitlsarfacing rates within the group, but mean
surfacing ratios, called individual ventilationeat(IVR), were determined by using the total
number of group ventilations per minute and dividithat number into the number of
individuals in the focal group. This calculatiooutd only be applied where a positive
correlation between the number of surfacings aedntimber of individuals in a group was

obtained.

The surfacing data was also subsequently entetedhia Microsoft Access database structure
for further analysis (Figure 3.2).
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Figure 3.2: View of Microsoft Access (designed bRiaz Lépez)database used for entering in

group surfacings and sample specific data. Data Wwaagain sorted, using various criteria, with

the “Query” function.
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3.2 Data Analyses

All data were analyzed with Paleontological StatsstPAST, version 1.44 (Hammet al,
2001) and are presented as meanghe standard error, or as the median value, when

specified. Statistical significance was testechatyd<0.05 level.

The daily encounter rate was considered as thertotaber of sightings () as a function of
the time spent searching for dolphing) (DER= N/ ts.. Searching time stopped at a sighting
and was restarted upon completion of sighting (Riazez, 2006).

3.2.1 Part A: Individual Respiration Patterns

Respiration samples were collected and analyzedusecof their “demonstrated utility” in
cetacean behavioural and disturbance studies (Ngka@l, 2001). For the purpose of this
study, a dive sample was defined as the continobasrvation of diving behaviour of a focal
individual, with a minimum duration of 3 minutes which included a minimum of 10
consecutive dives (dos Santetsal, 1990; Casale, 2001). Each dive sample was deresi
independent, as continuous sampling revealed a leiggl of variability (in terms of boat
presence, group size, individual, water depth agftabiour). There were no breaks in the
sample data. Dive data collected during 2005 byBibttlenose Dolphin Research Institute,
using the same methodologies as in 2006 (deschibkxlv), were also incorporated into the

analyses.

It has been well established that bottlenose dolglives are not homogenous in terms of
duration (dos Santast al,1990; Peharda & Bearzi, 1993; Bearzi, 1999; Befmraiet al,
2006). Dive data should at minimum be divided iti@ categories which divide shorter
respiratory dives from longer dives which are midgtly related to foraging (Hooker &
Baird, 2001) but the variability of dive behaviocain make distinction between short and
long dives difficult (Bairdet al, 2005). Some studies use an arbitrary 30 secotidff to
separate short dives from long dives, but this dm¢gake into account variability. To avoid
the subjectivity of this commonly used cut-off,dve instead used the median dive duration

to objectively distinguish between short and longes.

Once an arbitrary limit was set, datasets for ksitbrt and long dives were tested using
univariate statistics. The mean and median duragisnvell as duration range, of: a) all dives,

b) short dives and c) long dives were determin&@tie mean short and long dive durations
18



were used for analysis in order to avoid pseudéeamon which would occur when using
raw dive times, due to time series dependency @aiss 2003). To assist in the
interpretability of dive data, and to avoid redumcha in dive analysis, | also selected the

following parameters to explain bottlenose dolptive behaviours.

Dive rate (DR): number of dives per minute.
Short dive rate (SDR): number of short dives pauta.

Long dive rate (LDR): number of long dives per niewu

A w D

Dive efficiency (DEff): percentage of time spentridg long dives as a function of
sample duration.

5. Maximum duration (Max): the dive of longest duratio

The dive parameters are likely to be highly cotegladue to a strong level of inter-relatedness
between the values. In order to avoid the reduryladive parameters had to be tested

singularly between variables, using Kruskal-Watli parametric analysis of variance.

Mean dolphin group and subgroup sizes were detedriirom all samples, along with mean
water depth from respiratory sampling locationsurf&ing events (i.e. regular dives, tail
stock, etc.) were also analyzed to determine thaioaeship between type of surface event

and subsequent dive duration.

Boats were classified into 4 general categorieshirig boats (including both trawlers and
small fishing boats), outboards, sail boats, andefe (including both regular and fast ferries).

A non parametric correlation matrix was construdtgdoat presence, sorted by boat type.

The seasonality variability between the four boatiegories was explored using Principal
Component Analysis (PCA). PCA is a method of mmaltiate statistical analysis which
reduces multiple variables to a smaller numberaofdrs which best explains the variability
being assessed (Maedial, 2000). Dive samples and all corresponding desiee separated
into two seasons: “peak” (June, July and August) ‘aon peak” (all other months of the
year). PCA was used to analyse and graphicallioespvhich boats were contributing to the
highest level of seasonal variability between tbarfboat types (fishing boats, outboards,
sailboats and ferries). Non parametric multivarianalysis of variance (NPMANOVA),

based on Spearman rho distance measure, was also detect seasonal differences between
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boat types. The significance was computed by pextiout of group membership, with 5000

replicates.

These analysis methods were used to determinedra specific categorization of boats was
required, based on similarities or differencesdas®nal presence. Mean short and long dive
duration, as well as dive parameters, were testedséasonal differences, as well as for
differences depending on presence or absence ¢$,Hm#sed on seasonal categories. When
significant differences were observed, post hodysawas performed for using Kruskal-

Wallis analysis of variance.

Analysis of behavioural classifications of eachedisample determined those behaviours
observed most frequently. Variability of dive paeters and short and long dive durations
were tested between (dominant) behaviours. Thednfle of boat presence on behaviour,
was examined by testing for variations betweentype and level of boats present during
different behaviours (Kruskal-Wallis non parametdoalysis of variance). Behaviours

samples were also compared between seasons.

3.2.2 Part B: Group Surfacing Patterns

Group surfacings data was divided into two groupsse samples collected during boat
“approach” and those with “no approach”. The megewup size, or subgroup size, of each
sample was compared for both approach and no agproa’he number of surfacings
observed during boat approaches was comparedistdlis using Kruskal Wallis test, with
the number of surfacings during no approach camuliti This was only possible once it was
confrmed that the mean group sizes were not sogmfly different and therefore

comparable.

Individual ventilation rates (IVR) were calculated each sample, but in order to confirm the
relevance of the IVR, | first had to test for pogtcorrelation between subgroup sizes and the
number of surfacings. If positive, subsequent canspns could be made between the dive
rates (those determined from individuals; Part A)l @he individual ventilation rate from
group data, as a means of testing the validity rolug observations as opposed to those
focused solely on individuals. Comparisons wese ahade between the mean IVR’s of each
behaviour , from the group surfacing data, and ameg to the dive rates for the same

behaviours observed in Part A.
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4, Results

4.1 Part A: Individual Respiration Patterns

During the 3 month research period (May- Augusf&)01 realized 42 days at sea, totalling
an observation effort of 9626 minutes (160 houi)e mean daily encounter ratio (DER) of
bottlenose dolphins was 0.3 dolphins per hour.otaltof 33 hours was spent with dolphins,

of which almost 11% was used for collection of respry patterns.

Respiration data collected by the BDRI throughod®2 and early 2006 was also included
into the analysis. Sixty-two bottlenose dolphimedsamples were collected during this time.
A total of 1021 dives, totalling over 8.5 hours %5thin) of dive data, were collected and
analysed from both 2005 and 2006. These sampthsdied 32 dolphin followings of 11

focal bottlenose dolphins. These included 9 welrkad, easily recognizable, photo
identified individuals and two less identifiabledimiduals whose respiratory behaviour

collection were facilitated by solitary presence.

4.1.1 Dive Data

The mean duration of the dive samples was 513 &éc rin), and samples included an
average of 16 dives per sample. The average darafibottlenose dolphin dives was 30.3 +
1.3 seconds but dives ranged widely from 2-249 rsg#&0 The median dive duration was 12
seconds. This was subsequently used as the culivafduration to distinguish between
bottlenose dolphin short dives and long dives. vainate statistics of all dives, short dives
and long dives are described in Table 4.1. Onameerlong dives were more than 7 times

longer than short dive durations, and accountedver 87% of the overall dive duration.
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Dive type n Median Mean duration _+ s.e. Range (sec)
duration (sec) (sec)

All Dives 1021 12 30.34.3 2-249

Short Dive 518 7 7.440.1 2-12

(<13sec)

Long Dive 503 36 539 2.1 13-249

(>12sec)

Table 4.1: Statistical summary of bottlenose dolphi dives as a whole, and also broken down to

recognize short and long dives.

The five dive parameters used for dive behavioatyasis are described in Table 4.2. These
values were based on the overall averages, offgmemeter, per dive sample. The bottlenose
dolphins in this study averaged approximately tvixesl per minute, with almost equal short
dive and long dive rates. Despite this, dolphipens almost 90% of total sample durations
engaged in long dives. The maximum dive time vhgeeatly, but the longest dive observed

was 249 seconds.

Dive parameters Mean s.e. Median Range
Dive Rate (DR) 2.04 +0.08 1.9 0.8-4.5
Short Dive Rate (SDR) 1.14 +0.19 0.7 0-9.1

Long Dive Rate (LDR) 1.15+0.07 11 03-27
Dive Efficiency (DEff) 0.89 +0.01 0.9 0.7-1.0
Maximum Dive Duration (Max) | 117.7 +6.67 114 34 - 249

Table 4.2: Univariate statistics of the five dive prameters used for dive analysis. Maximum dive

duration was measured in seconds.
There were no correlations between maximum divatitur and the other dive parameters

(p>0.05), but the remaining non parametric cori@test of dive parameters revealed a high

level of association (See Table 4.3).
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DR SDR LDR DEff Max

DR p< 0.05 p> 0.05 p< 0.05 p>0.05
rs= 0.33 rs=-0.50

SDR p=0.04 p< 0.05 p>0.05
rs=-0.27 rs= 0.06

LDR p< 0.05 p> 0.05
rs= 0.61

DEff p> 0.05

Max

Table 4.3: Correlation matrix between dive parametrs. Maximum (Max) dive duration was not

correlated with any of the other parameters.

There was a positive correlation (p<0.05, rs = Pf60nd between long dive durations and

the mean short dive rate, per sample (Figure #).

Correlation between long dive duration and short dive rate,
per sample
200

180 -
160
1401 %o
120 -
100 -
80 |
60 <
40 ¢
20 $%6

Mean long dive duration

No. of short dives

Figure 4.1: Positive correlation found between thanean long dive duration and the mean

number of short dives exhibited, per dive sample.
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The average group size during dive observations2aas 0.2 dolphins while mean subgroup
size was only slightly smaller, at 1.90t1 individuals. The mean water depth from ihitia

sighting locations of dive samples was 31.8.3m.

Bottlenose dolphin surface events were not homagenacross dives. Regular dives were
the most frequently used surface event, observeavém 75% (n=771) of the 1021 dives,

followed by tail stocks (22%), flukes up (2%), fastrfaces (<1%) and leaps (<1%) (Figure
4.1).

Surfacing Events

FlukesUp Leap
2.15% 0.10%

Tail Stock
21.84%

B Regular Dive
| Fast Surface

Fast Surface @ Tail Stock

0.39% | Flukes Up

B Leap

Regular Dive
75.51%

Figure 4.2: Pie chart depicting the frequency of sfiace events. Regular dives were the dive type

most frequently observed, in over 75% of dives.

Dive durations following these surface events wsignificantly different. Mean dive
durations following a flukes up or tail stock sudawere the longest, with mean durations of
73.6 +8.9 and 58.9 3.9 seconds, respectively, but were statisticdifferent from each
other (p<0.05). Dive durations following regulaves were the shortest (mean= 20.8.8
sec; median= 10 sec) and were significantly shdrem those following tail stocks and
flukes up (p<0.05). The minimal amount of fast aanigs and leaps made statistical

comparisons of dive durations useless.

4.1.2 Boats

Boat presence during dive observations was higllyale and ranged from zero boats
present to a maximum of 14 boats present in one dample. The mean overall boat

presence per dive sample was 3.5 boats. Of the Hoat categories (ferries, outboards,
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sailboats and fishing boats) outboards were presest frequently during dive samples, with
an overall mean of 1.3 8.2 outboards per sample, followed by fishing bgatl _+0.2),
sailboats (1.0 ©.3) and lastly ferries (0.1 8.04). Boat presence, principally outboards and
sailboats showed an increase towards peak toursiodpin July whereas fishing boats were

present in all months of dive data collection (Fegd.2).

Mean boat presence throughout 2005 and 2006 sampling months
45
4
8 35
@
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‘s - oFB
2 '2 m Ferries
% mOB
c 15 m SB
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0 A ‘ ;
Jan Feb May Jun July Aug Oct Nov
Sampling months

Figure 4.3: Mean boat presence of fishing boats (ABferries, outboards (OB) and sailboats (SB),
during sample months from both 2005 and 2006Notice the lack or minimal presence of boats,

excluding fishing boats, during standard winter, spng and fall months.

Non parametric correlations tests (Spearman rseweade between the four boat types.
Fishing boat presence was not correlated with ttesgmce of any of the other three boat
categories (p>0.05). Ferry, outboard, and sailpoegence were all positively correlated with

one another (p<0.05; rs>0).

There were 26 dive samples collected during then‘imeak” season, and 35 collected during
the three months (June, July and August) desigreddtie peak season. Mean seasonal boat
presence varied considerably between these tworsgaas shown in Figure 4.3. Sail boats

were the only boat type which was not present inadrihe winter samples.
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Mean seasonal boat presence, by boat type

m Non Peak
W Peak

Mean number of boats
=
Ul

Ferries FB OB

Boat categories

Figure 4.4: Boat presence comparison, between peakd non peak seasons, using the four boat

categories. Sailboats were not present at all dumg non peak respiratory samples.

The first two principal components identified frotimee PCA of peak and non peak boat
presence accounted for over 88% of the variahititgoat seasonality. The first component,
answering for more than 60% of the variability, wagsst affected by the varying presence of
sailboats and outboards and minimally by ferried fishing boats (Figure 4.4; Figure 4.6).
The second principal component, attributing to R2@%o of all variability, was almost solely

due to fishing boat presence (Figure 4.5; FiguBe See Page 27).
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Figure 4.5: PCA loadings plot of the first principd component (using a variance-covariance
matrix). Sailboats, outboards are both strongly ifluencing boat presence. Fishing boats are

responsible for a slight negative effect on the oxedl 61% of variability.
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Figure 4.6: PCA loadings plot of second principal @amponent from the PCA. Fishing boats

account for virtually all of the 27% of variability .
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Component 1

Figure 4.7: PCA scatter plot of the seasonal varidlity in boat presence. The red ellipse
encompasses all peak season boat presence data ofined crosses), in which the majority of
variability along the first principal component (x) axis is due to sailboats (SB), outboards (OB)
and ferries. The blue ellipse and square markers gict winter boat presence, which are mostly

attributed to fishing boats (along the second prinipal component (y) axis).

NPMANOVA showed a highly significant difference @€1) between peak and non peak

boat presence, between the four boat types. Postimlysis showed no seasonal differences
in either fishing boat (p>0.05) or ferry presenpe(.05). There was however a highly

significant difference in both outboards (p<0.01y asailboats (p<0.01) from non peak to

peak season, with both experiencing a higher poeseéaring the peak summer season.

To account for the statistically-proven seasonéedinces between fishing boat and other
boat presence, the four initial boat categoriesewierinto two new boat categories: fishing

boats (FB) and tourist boats (TB). Tourist boatduded both outboards and sailboats, as
these boats demonstrated seasonal variation. evase excluded from further boat related

analysis due to their extremely low presence inlialk samples.
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4.1.3 Dive Parameters and Boats

There was no significant difference between the dates of peak and non peak samples, but
all other dive parameters were found to differ gigantly between seasons. On average,
dolphins performed a higher rate of short divesntleng dives in the non peak season
(p<0.05). The opposite was true for the peak plemorring which the rate of long dives was
significantly greater than short dives. Maximumeddurations were highest during the non
peak period (Table 4.4).

DR SDR LDR DEff Max
Peak 20+0.10 0.7+.10 14+0.10 0.926.01 98.2+6.3
Non peak 21+0.10 1.7+0.37 0.8+0.08 0.85+0.01 144+1.3
* = Significant
difference * * * *

Table 4.4: Mean dive parameters (_4s.e.) depicting the significant differences betwaepeak and
non peak samples. * Denotes those dive parametars which there was a significant seasonal
difference (p<0.05).

Mean short dive duration showed no seasonal vanigp>0.05), but long dives, on average,
were significantly longer in the non peak seasoagn+ 74.4 46.8) than in the peak season
(mean= 48.1 4.5; p<0.05).

The mean durations of both short and long divesdiddiffer with regards to the presence or
absence of fishing boats. Similarly, all five oetdive parameters were consistent, both in
presence and absence of fishing boats. Shortdii&tions did not change with presence or
absence of tourist boats. Long dive durations Warger when tourist boats were absent, but
they occurred more frequently (higher long diveeyarhen tourist boats were present (Table
4.5).
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DR SDR LDR DEff Max

TB Presence |1.9+0.1 0.82+0.26 1.3+0.1 0.92+40.01 112.548.6
TB Absence |22+0.1 1.6+0.24 0.93+4.08 0.854.01 124.8 0.6

* = Significant

difference * * *

Table 4.5: Mean dive parameter values in presen@nd absence of tourist boats (TB). *Denotes

significant difference.

4.1.4 Behaviour

Feeding was the most dominant bottlenose dolphmavieur observed in the study area, and
was classified in almost 64% (n=39) of the 61 dimeples. Travelling was the second most
frequent behaviour and accounted for close to 3@84§) of the observed behaviours, while
both socializing and resting each accounted eqé@tl$% of the dive samples (Figure 4.7).
Due to the relatively low occurrence of both regtand socializing behaviours, only the two

dominant behaviours (feeding and travelling) wesedufor subsequent analysis.

Respiratory Sample Behaviours

Socializing
3%

Resting
3%

Travelling O Feeding

30% m Trawelling

m Resting

O Socializing

Feeding
64%

Figure 4.8: Behavioural budget determined from behwiour classifications during respiration

sampling. Feeding is the most frequently observdaehaviour.

Short dive durations did not vary significantly ween feeding and travelling, but it was
noted that long dives observed during dolphin fegdehaviour were significantly longer
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that those observed during travelling (p< 0.05)veDate did not differ between feeding and
travelling, but short dive rates (p<0.01) and lathige rates (p<0.01), between the two
behaviours were both highly significantly differentong dives were performed at a higher

rate during travelling, whereas short dive rate higbest during feeding (Figure 4.8).

Dive parameters for feeding and travelling
2.5
2
1.5 T
8 J_ o Feeding
[J] .
= 1 B Travelling
0.5
: N B
DR SDR LDR Deff
Dive parameters

Figure 4.9: Mean dive parameters, excluding maximundive duration, for both feeding and
travelling behaviour. There were significant diffeences observed in short dive rate (SDR), long
dive rate (LDR) and dive efficiency (DEff).

Boat presence between the two dominant behavitwnsed some variability. Both outboard
and sailboat presence were significantly higherindutravelling behaviour than during

feeding. Fishing boat presence was consistentdsgtwehaviours (Table 4.6).

Mean no. of boats
Feeding OB 0.69 +0.20
Travelling OB 2.83 +0.48*
Feeding SB 0.05+0.04
Travelling SB 3.11 +0.68*
Feeding FB 1.23 +0.32
Travelling FB 0.67 +0.20

Table 4.6: Mean outboard, sailboat and fishing boapresence between feeding and travelling
dive samples, divided by boat type. * Denotes a sifjcant difference in boat presence between

the two behaviours.
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Feeding behaviour was observed somewhat consistbetiveen seasons with 59% of
samples from the non peak period, and 41 from #ak period. Conversely, travel behaviour
was not consistent between seasons. An overwhgl@4?o of travelling behavioural

samples were observed during the peak season.

4.2 Part B: Group Surfacing Rates

During the 42 days at sea, 62 one minute grouasing samples were collected. Samples
determined during a boat approach comprised %5hawiples (n=31), while non approach
samples comprised the remaining 31 samples. Témlbvnean group size was 3.6M26,

while the average subgroup size was 3.3426 individuals.

There was no significant difference found betweeamsubgroup size between approach and
no approach (p> 0.05) and therefore the numbeudhangs, between the two sample sets,

were comparable.

The number of surfacings did not differ signifidgnbetween approach and no approach
conditions (p>0.05). During approach situatiorapdins exhibited a mean number of 10.1 +
1.9 dives (median= 6), and they realized 7 55-dives for non approach observations (Table
4.7). The number of surfacings for both approachram approach situations ranged from 1-
40 and 1-32, respectively.

Number of surfacings | Subgroup size

(mean_ts.e.) (mean_ts.e.)
All samples 8.8 +1.2 3.34 +0.26
Approach 10.1+1.8 3.71. +0.33
No approach | 7.48 +1.5 2.97 +0.38

Table 4.7: Summary statistics for all group surfaang samples, approach and no approach

samples.

The number of surfacings observed was positivetyetated with the number of individuals

per subgroup (Figure 4.9).
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Correlation between subgroup size and number of surfacings
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Figure 4.10: Positive correlation between subgroupize and number of surfacings.

The group size and/or, when applicable, subgrome wias positively determined for each

sample and an “individual ventilation rate” (IVR)a® calculated, based on the number of
ventilations as a function of group size. The ailtemean IVR for all samples was 2.4

surfacings per minute. The mean IVR for approaares non approaches was 2.5 and 2.3
surfacings per minute, respectively. There wasigoificant difference (p>0.05) between the

mean IVR of approach and non approach situations.

The overall dive rate observed in Part A for indival respiration patterns was 2.04 dives per
minute. There was no significant difference betwtde group IVR and the dive rate from

individuals (p>0.05). Although the group IVR dugittravelling behaviour (mean= 1.94 +

0.23) was lower that the observed IVR during fegdaehaviour, the two values were not

significantly different (p>0.05). Similarly, thexdividual dive rate calculated in Part A did

not differ significantly between feeding and trdivej behaviour.
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4.3 Results in Summary:

Many significant findings were made with regardsotitlenose dolphin dive behaviour and

boat presence, the most important of which are samzed here:

4.3.1 Part A: Individual Respiration Patterns

» Overall boat presence in the study area was highestg the peak summer months of
June July and August.
* Outboards and sailboats had a seasonal presenash pdaked dramatically in the
peak season, whereas fishing boats were presemdem@ously, year-round.
» Short dive durations were consistent in all conguars, regardless of season, presence
or absence of either fishing boats or tourist haat®ehaviour (travel or feeding).
* Long dives were:
o0 longer during the winter;
o longer in absence of tourist boats;
0 longer during feeding than during travelling belaani
» Dive rates did not vary depending on season, pcesenabsence of either fishing or
tourist boats, or depending on either feeding aveiling behaviour.
» Short dive rate was:
o higher during non peak period;
o higher in absence of tourist boats;
0 higher during feeding.
* Long dive rate was:
o higher in peak season;
o higher in presence of tourist boats;
o higher during travelling.
» Dive Efficiency was:
o highest during the peak season;
o higher in presence of tourist boats;
o higher during travelling.
* Maximum dive durations were:

o higher in non peak season.
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4.3.2

94% of travel samples were observed during the peasiod, while feeding samples
were more evenly distributed (approximately 60:4@fween peak and non peak

seasons.

Part B: Group Surfacing Rates

There was no significant difference in the amouhtgmup surfacings between
approach and non approach samples.

Group IVR was not significantly different than timelividual dive rate determined in
Part A.

Feeding IVR did not differ significantly from traliag IVR.
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5. Discussion

5.1 Overview of Results

Marine mammals inhabit an environment which is cletgby different to ours, one which
requires them to use their senses very differettthhumans. Despite the difficulties in
determining the relationship between anthropogexttvities and cetaceans (Lusseau &
Higham, 2004), previous studies have confirmed tinarine traffic elicits behavioural
changes in bottlenose dolphins (Janik & Thompso#61dNowaceket al, 2001; Lusseau,
2003b).

In order to attempt to quantify dolphin response®adats, this project examined bottlenose
dolphins on the north-eastern coast of Sardin@y,ltto determine if animals exhibited

changes in their dive behaviours with respect tanges in the type and level of marine
traffic. Of the factors analysed, dive behaviouffeded both seasonally and also in the
presence of tourist boats. Conversely, dive beadid not change with respect to fishing
boat presence or absence. Interms of behavimavglling was dominant when tourist boats
were around, whereas feeding was most frequent wherst boats were lacking or absent.

Both dive rate and short dive duration were unciranthroughout dive samples.

Respiratory data was collected from over 26% of #& resident bottlenose dolphins

identified in the study area (Diaz Lopez et al.020 The mean dive duration of these
individuals falls directly in the middle of the 2@ second range found in other bottlenose
dolphin studies (Wursig, 1978; dos Santbsl, 1990; Peharda & Bearzi, 1993; Lynn, 1995;
Mateet al,1995).

5.1.1 Group Size

The mean bottlenose dolphin group size observatisnstudy (2.11 #.16 dolphins) was
smaller than the typical group sizes found in otbapulations. The use of different criteria
and definitions of a “group” of dolphins may atuiile to the high level of variability in group
sizes determined between studies (Stetred, 1986). Group size seems to be dependent on
many factors, but most importantly is a “trade-offfétween the effectiveness of foraging
behaviour, and decreasing risks of predatory astd@iells & Scott, 1999 in Keret al,

2005). As there has been no direct evidence ofgpoeg involvement on bottlenose dolphins
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in the study, or surrounding area, optimal foragsgkely a huge determinant of group size

of this population. Boat presence may also tempy@ffect group size.

5.2 Part A: Individual Respiration

5.2.1 Surfacing Events

Dive durations indicate a potential relationshigwen types of surfacing event. Regular
dive was the most frequently observed surface bebtayprior to diving, and dive durations
following this event were shorter than other suefavents observed. Shane (1990a) found
similar results when studying dive behaviour otleoibse dolphins in Sanibel Island, Florida.
The use of “tail stock” or “flukes up” surface bef@urs prior to diving have resulted in
longer dives, suggesting a potential link of thesents with foraging behaviour (Shane,
1990a; Pacet al, 1998; Bernal Shiragt al, 2006). According to the physics of diving,
arching the body for a dive allows dolphin to destejuicker and at a steeper angle
underwater. This may be beneficial in terms ofrgpen that they can obtain maximum

depth quicker, allowing more time for effective ting of prey (Shane, 1990a).

5.2.2 Boat and Dolphin Presence

Heightened overall boat presence during the sunmuerths correlates with the increased
tourist activity in the study area. The north-eastcoast is made up of numerous small
coastal cities and towns which all experience $icgmt population increases during the
summer. The Golfo Aranci harbour and larger harban the surrounding area (such as
Olbia and Porto Rotundo) are used as gatewaysteestt of Sardinia, and boast a very active
traffic exchange. These harbours are frequentgd usy both ferries and fast ferries from
mainland Italy, greatly contributing to the infleX tourists. This is a trend typical of coastal
areas. The observed increase in marine traffioplsntourist boats (outboards and sailboats),
can therefore be attributed to the upsurge in huprasence/activities during the summer.
The month of July boasted the highest overall I@dtic, coinciding with the beginning of

summer holidays. Although overall boat presena@emses substantially during the peak
season, approximately 40 fishing boats operate,rgesd (independent of seasons), from the

harbour in Golfo Aranci (Diaz Lépez, 2005).

Bottlenose dolphins in this area are also sightst yound, but this is not equally distributed,

as daily encounter rates of dolphins tends to &dri during fall and winter (Diaz Lopez,
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2006). There were slightly more dive samples ctdié during the non peak season (57%)

than the peak season, but the difference was minima

5.2.3 Dive Behaviour, Seasonality and Boats

The rate of dives performed is a critical factod&termining the level of energy expenditure,
although interpreting dive behaviour solely using tlive rate can be clouded by the inclusion
of the often high proportion of short dives. Ittieerefore important to categorize dives by
dive type, i.e. short and long dives (Hooker & Hai2001). Despite bottlenose dolphins
being able to modify their dive techniques in ortereduce energetic output during apnea
(Skrovanet al, 1999), the metabolic cost of dives changesikedylvariable with respect to

dive type and duration.

Overall dolphin dive rates were uniform throughalt of the respiratory samples, at
approximately 2 dives per minute, irrespective ldreges in boat traffic, seasonality or other
variables. This dive rate is comparable with tho$ebottlenose dolphin dive studies in
Florida (Mateet al, 1995) and Texas (Lynn, 1995), and accordingdokér & Baird (2001)
indicates a somewhat stable level of global energetsts. However, unlike the overall dive
rates, the rates of both short and long dives dadiepending on seasonality, boat presence
and behaviour. Energy expenditure therefore likdtgnged in conjunction with oxygen
related demands associated with performing vartigpss of dives (Williams, 2001). It is
necessary to determine if dive behaviours are dhgntn response to boats, and most
important the extent of these behavioural modikicet, as unplanned behavioural changes

could have serious energetic costs.

Williams et al (1999) predict that a sedentary bottlenose dolphil have an aerobic dive
limit of approximately 4.5 minutes (268 second$he maximum dive time observed in this
study (on only one occasion) was 249 seconds. v@rage, bottlenose dolphin swim speeds
are between 1.5 and 2.0m/s (Yaetlal, 1999; Butler, 2001). Transport costs (thoselired

to move a certain speed at a certain distanceatageminimum at this speed. At increased
swimming speeds of 2.9m/s, the aerobic dive lisigstimated to occur at only 1.3 minutes.
Although no swimming speeds were collected during éxperiment, these data suggest that
the majority of bottlenose dolphins fall within thealculated aerobic dive limit (Butler,
2001), but that dives performed at excessive spaadsdurations may result in anaerobic

respiration.
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There was no significant variability in the duratiof short respiratory bouts (short dive
duration), under any conditions, but there was akethchange in the frequency of these
short dives. Short dive rate was higher durirggritbn peak season than during peak season.
Interestingly enough, the same was true of long diurations; long dives were longest
during the non peak period when compared with memkmer season. As long dive duration
increases, the number of recovery ventilationstlim form of short dives) also increased.
This was confirmed by a positive correlation foumetween mean long dive duration and
number of short dives per sample, further underjnihe importance of short dives for
respiratory recovery; i.e. the longer the long doration, the more oxygen levels are
depleted, and the more short dives must be exetoitedgccessfully re-establish these oxygen
levels (Hooker & Baird, 2001). Based on the féetttthe duration of short dives was stable,
it is therefore hypothesized that the level of A&reecovery is achieved by modifying not the
duration of surfacings, but instead the frequen@iis would have to be verified by larger

and longer dive samples.

In essence, this study highlighted two trends whiene observed with respect to bottlenose
dolphin dive behaviour. During the peak seasonerwtourist boat presence was at its
highest, there was an observed increase in bosedolphin travelling behaviour; this was

reflected by low short dive rates, shorter longedilrations, and a high dive efficiency. The
second trend occurred during non peak seasonsinab of tourist boats, and during feeding
behaviour, and was represented by increased losggddirations, and increased frequency of

short dives, and a lower dive efficiency.

Dolphin responses to boats are often classifiedoagive, negative, or neutral (Leung Ng &
Leung, 2003; Goodwin & Cotton, 2004). Positive amebative responses involve active
movement on the part of the dolphin, either towasdsaway from the vessel and can be

useful in assessing the biological significanceadt interactions (Lusseau, 2003).

Travelling behaviour was most frequently observedind) the peak period. Travelling
tendency, in the presence of boats, could be aitegliresponse of the dolphins to the boats.
In presence of marine traffic, Lusseau (2003) olexkra positive increase in four behavioural
transitions, three of which resulted in animals ngiag their initial behaviour to one of
travelling. Feeding behaviour and travelling bebaw were inversely related. It is possible

that tourist boats disturb feeding behaviour, t@syilin a switch to travelling behaviour. This
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would explain why the long dive rate, clearly asated with travel behaviour, was higher in
the peak summer season, coinciding with a highepiees of tourist boats. A higher frequency
of long dives likely represents either a positive negative response to heightened, and
potentially, invasive tourist boat presence. DOimg@lity of movement was not determined,
making it difficult to conclude positive or negaivesponses, but most studies find that
tourist associated boats frequently elicit negatyype responses by the dolphins (Goodwin &

Cotton, 2004), and this is highly probably in tbése as well.

Feeding conditions and prey availability in thedstarea are very much sustainable during
the summer months (Diaz Lopez & Bernal Shirai, 300%s such, boat avoidance may not be
as costly during this time, as dolphins do not needpend as much energy on foraging.
Travelling behaviour, potentially brought on by tistivessels, is more energetically feasible

during a time when prey availability is high.

This increase in peak season travelling behaviag fellowed by an overwhelming increase
in feeding behaviour during non peak season. Slenal. (1986) also observed this
behavioural trend between winter and summer monkish abundance in the study area has
been found to decrease between the fall and sprémgpd (Diaz Lépez & Bernal Shirai,
2006). Decreased food availability in the winteonths coincides with declining water
temperatures, both of which are factors contrilgutio heightened energetic requirements
during this time. In order to contend with reduqa@y and colder temperatures, dolphin
foraging behaviour needs to intensify in order utiilf greater energetic needs during these
harder months (Shane, 1990a; Brager, 1993; Diaez.&Bernal Shirai, 2006).

Feeding behaviour is best recognized by longer dramt dives (Shane, 1990; Brager, 1993).
In accordance with this, dive behaviour during fagdvas represented by longer long dives,
increased short dive rate, and higher maximum div&tions. Increased feeding behaviour
during the non peak season coincided with the tirhgear when tourist boats were at a

minimum. It is most safely assumed that dive dorstwere extended to complete longer
search and capture time, resultant from limitegoatichy prey resources. Exhibiting longer

dives can be physiologically costly in that animalsst re-establish depleted oxygen stores
by performing short dives, while simultaneouslyaoaing energetic expenditure (Hooker &

Baird, 2001; Williams, 2001).
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The major requirements for all animals are air fowd; marine mammals will “therefore
optimize their diving behaviour to maximize foodirgaunder the limitations of oxygen
requirements” (Hooker & Baird, 2001). During thi®n peak season, it has been well
established that tourist boat presence is virtuadlgligible, and boat presence at this time is
almost solely attributed to fishing boats. Fishimgat behaviour is often predictable and
consistent, and the lack of changes in dive belayvionder these conditions, suggests that
these boat interactions are not deemed to be imrby the dolphins. Bottlenose dolphins in
the study area are sighted year round, and asmaglibe accustomed to the continued fishing
boat presence. Increased time underwater for ifogagurposes, due to limited prey
availability, appears to be what is affecting theedbehaviour, and not the presence or

absence of fishing vessels.

In this study, fishing boat presence did not diffetween the two behavioural states
(travelling and feeding). Outboard and sailboatspnce were both significantly higher
during travelling than feeding. From this it isgsthble to infer that increased presence of
tourist boats may be eliciting a disturbance resppm the form of avoidance, which results
in an increase in observed travelling behaviourhese changes were evident in the

examination of dive behaviour.

5.3 Part B: Group Surfacing Rates

Group observations are advantageous in that thewy aimultaneous sampling of numerous
individuals (Mann, 1999). In some instances thas e difficult, as observers may be
attracted to the most obvious behaviour demonstrateuckily, in this study, the bias was
negligible as each surfacing event, from everwiialdial within the group, was clearly visible
and easily counted. Typical small group sizes @itlénose dolphins in this area greatly

contributed to facilitating these observations.

Respiratory synchrony within bottlenose dolphinugre has been suggested to be influenced
by boat presence (Hasee al, 2003), yet in this case, the approach or nomagmh of boats
did not elicit a noticeable reaction or change ottlenose dolphin group surfacing rate.
Dolphin groupings are often a response to predators response to some sort of risk/threat
(Lusseau, 2003). Perhaps in groups, animals &¢r ghan when solitary, and it was not
deemed necessary to change dive rates or behavidlis may suggest a sort of “safety in

numbers” mentality.
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Alternatively, perhaps the animals were highly savaf the oncoming vessels, long before
visible approach. Underwater acoustic cues froenviessel’s propeller and engine may be
enough of a warning system to alert the dolphinsnmoming traffic, allowing sufficient time

for changes in dive behaviour. Any warranted behaal adaptations to these approaching
boats may indeed occur well before the observalppraach distance. Continuous
observations of group surfacing behaviour woulddnée be analysed long before any

potential boat approaches to indeed confirm thesiti

The individual ventilation rates observed during tiroup surfacings were consistent with
individual dive rates calculated from Part A ofstistudy, suggesting that not only were one
minute samples sufficient to discover a trend irtlbeose dolphin diving, but also that

observing group dive behaviour may be represestativndividual dive behaviour.

5.4 Assessment of Techniques

5.4.1 Data Collection

The data collection from 2006 occurred during a&¢hmonth period, during which | had to
train and familiarize myself with bottlenose doiphlive data collection methods as well as
general field techniques required for cetaceanrobatiens. This inexperience may have been
reflected in the duration of dive samples during tinavoidable training period. As a result,
initial dive samples may have been shorter in lenghAlthough data was collected in what
was considered a sufficient amount of time foridgtishing trends in bottlenose dolphin
dive behaviour, caution must be heeded when matamglusions using a relatively small
data set. It could be argued that a small amotisaimples or short sample durations could

influence the overall trends in the data.

Individual follows are feasible both in terms oktny and methodology (Mann, 1999), but
individual variability in responses might also affedata (Nowacelet al, 2001). Dive
behaviour data was not randomly sampled, but idsteas collected from well marked,
readily identifiable individuals. This has the eutial to create a sampling bias in the data, as

the same individuals may have been repeatedly smhgver the course of data collection.

Short term behavioural observations and analysiseavays made with the assumption that it

is representative of conventional behaviour (HoakdBaird, 2001). Continuous evaluation
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of short term disruptions or changes in bottlerdsiphin dive behaviour is therefore crucial

for attempting to determine the potential long teffiects of marine traffic on these animals.

The appropriateness of data collection from a bwmaly be questionable in terms of

anthropogenic impacts and tolerance (Lusseau & &figl2004), but the vessel was deemed
necessary for the successful gathering of dive.dathe research boat was a continuous
presence in all respiratory samples, and it mag ltantributed to boat-related responses. In
attempts to minimize impact, all dolphin followingsere made in a somewhat standardized,
consistent and predictable way and were not thotogghive a major impact on the observed
behaviour of the animals. If a follow was belietechave caused a evident dolphin response,

all behavioural observations were ceased.

5.4.2 Non-Invasive Techniques

It was decided, for the purpose of this study te osly visual observations of bottlenose
dolphin dive behaviour, as opposed to the employndere data tags, such as time depth
recorders (TDRs). These tags provide a large gyaftdata, but only for a short period of

time, as attachment usually only lasts for sometismdéew days, or as little as a few hours or
minutes (Hooker & Baird, 2001). The informatiorileoted is useful, but short analyses may
not be entirely representative of behavioural @@ occurring over larger temporal scales.
Deployment of these units has also proven to bigcdlif, especially for large dolphins and

whales, and methods currently in use include patiag tags and also those which use

suction cups for attachment.

Some studies using TDRs have been found to infliercalter wild dolphin behaviour.
Reactions to these tags are varied; the levelsgfarse is thought to be dependent on species
and population (Hooker & Baird, 2001). Reactiorbikited by tagged bottlenose dolphins
(Schneideret al, 1998) imply that data from the tags are unlikelyoe representative of the
natural behaviour of these animals. In contrastyal surface observations have proven to be
a non invasive research method which is represeataf free ranging dolphin behaviour
(Bearziet al, 1999; Bernal Shiragt al, 2006)
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5.4.3 Dive Descriptors/ Parameters

The use of the median dive duration was an aritcat-off between short and long dives
was decided upon, in attempt to be as objectivpassible. Dive trends were quickly

determined using this cut-off, and it was thoughbé a valid divisor.

The use of a variety of dive parameters providetei@iled inspection of bottlenose dolphin
dive behaviour. The five dive parameters provedé¢oan informative way to determine
exactly how dive behaviour was modified in the pree or absence of anthropogenic
disturbances. By dividing one set of dive dateefail dive times) into various parameters,
we gained insight into the respiratory and recovadyustments made by the sampled
dolphins. From this we can infer what may be tgpresponses expected under variable boat

conditions.

5.4.4 Recommendations for Further Study

The following are some recommendations for furttemearch on dive behaviour and boat

traffic which aim to improve subsequent studies:

- Examine dive behaviour and boat presence withe@sto time of day to detect potential

diurnal patterns between the two variables.

- If two identifiable individuals are in one grougimultaneously gather dive behaviour data
from both, and test for individual variability, ueididentical conditions.

- Incorporate dolphin-boat inter-distance data &tethmine the relationship between boat

proximity and dive response.

- Examine sex-differences in dive behaviour (ienéles, especially those with calves, may

display different responses to boats)

- Test the hypothesis that larger body size shoeddlt in increased dive capabillities.

- Use longer group surfacing sample durations.
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In general, running dive studies over longer peviofitime increases sample size. Any trends
therein would be readily visible. This is alsoetrior the durations of dive samples analysed.
With an increase in the number of dive samplesectdd, criteria for data selection for

subsequent analysis could become stricter.

5.5 Management Implications

Bottlenose dolphins in the Mediterranean subsismasy different subpopulations. The
World Conservation Unit (IUCN) currently lists thstatus of the Mediterranean
subpopulation of common bottlenose dolphin as “etdble”. Although there currently exists
insufficient information on the present growth oectine trends, past trends showed a
decrease in numbers of this “subpopulation” (Ree&edotarbartolo di Sciara, 2006).
Mediterranean cetaceans, including the common dmttle dolphin, are protected under
ACCOBAMS (Agreement on the Conservation of Cetasezrthe Black Sea, Mediterranean
Sea and Contiguous Atlantic Area). In this agred@meountries agree to “co-operate to
create and maintain a network of specially protetGieeas to conserve cetaceans”. It also
stipulates that actions must be taken to integEEcean conservation with maritime

activities (ACCOBAMS agreement; www.accobams)pifgut strong measures need to be

taken to assure these acts are enforced, and wmditety are often lacking.

Marine tourism is an industry which is greatly dre trise, and which will undoubtedly
intensify in the future (Constantine, 2004). Twill likely be most evident in coastal areas,
which unfortunately is often prime bottlenose datphabitat (Shanet al, 1986). Currently,
the whale and dolphin watching industry in the Medanean Sea is rather primitive
compared to other coastal cetacean populated @Badelines, 2004), but with increasing
demand for such enterprises, it is vital that vessgulations, commercially or otherwise,
become implemented. “High risk management aress’dafined as those where there is a
convergence between animal density and boat pas¢Rgesell, 2001). Consideration of a
possible Special Area of Conservation (SAC), agiegion of an ecologically important and
therefore protected marine area, may be usefuardang becoming a high risk management

area by implementation of successful monitoringaphin-boat interactions.

Despite evidence of potential dolphin “habituatida’the local fishing boats, this term must
be used carefully so as not to be misleading in agament applications. Incorrect
application may suggest that boat impact is in§icgmt, when there may still be

consequences for unidentifiable behavioural chang@sat presence may disrupt dolphins
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from prime habitat, resulting in physical displa@mfrom ecologically important areas and
potentially causing increased stress levels assaltréEvanset al, 1992). Alternatively,
despite potentially harmful boat exposure, dolphmay have no other choice but to

demonstrate continued presence and use of atda d critical habitat (Bejdest al, 2006).

Both ecological and economic factors must be cemeit and integrated in order to establish
conservation and management of bottlenose dolgbiasid, 2002). This study may prove to
be valuable for other bottlenose dolphin populajdn which extrapolations could be very

useful for defining future long term managemenratstyies of bottlenose dolphin populations.
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6. Summary & Conclusions

Thus far, the effects of boats on dolphin behavibave only been described, but the
implications and biological significance of thesestdrbances has yet to be completely
understood (Lusseau, 2003). It is relatively easgxamine the direct negative effects, such
as boat strikes and traumas, but is much morecdiffio determine the potential negative
indirect effects of boat presence on marine mamr{idsvaceket al, 2001). Changes in

behaviour may be clearly visible to an observet,disturbance exists on many levels. 1t is
virtually impossible to conclusively determine wiiaspect of boat presence is affecting the
dolphins, whether it is the increase in underwatgse which disturbs them, the movements

of the boat, or merely anthropogenic presence.

This study highlights the connection between diebaviour and potentially invasive tourist
boats; dolphins are altering their dive behaviouthwespect to the seasonal increase of
outboard and sailboat presence. Many of the doedplubserved in this study display
residential tendencies (Diaz Lopet,al, 2002; Diaz Lopez & Bernal Shiray, 2006). High
site fidelity, leading to animals being termed esstdents”, may contribute to a higher degree
of tolerance or habituation to marine traffic thdnose animals which are more transient
(David, 2002), although this may be out of necgg8ejderet al, 2006). This area has been
identified as an ecologically important feedingaafer bottlenose dolphins. The presence of
a marine fish farm has been linked to increasechddmrce of dolphins in the area (Diaz
Lopezet al, 2001; Diaz Lépez, 2002; Diaz Lopez, 2005) apjpears to be a platform of
opportunistic feeding due to a high wild fish déymssurrounding the cages. Due to the
ecological importance of the area, the animals haaxe adapted a certain level of tolerance to

anthropogenic disturbances, despite the implicatadrbehavioural modification.

Bottlenose dolphins are recognized as large braswsihl animals that have the ability to
learn from their environments (Shagkeal, 1986; David, 2002). This may explain why there
were no observed dive behaviour changes in respgornghing boats in the area. Resident
animals that remain in the study area on a yeanddasis may have become accustomed to
the chronic presence and predictable nature ofinfistboats, and may have become
desensitized to these vessels. Seasonal fluotsaiio tourist boats, and more erratic

behaviour on their part, would make dolphin toleeamuch less likely.

47



The results obtained in this study suggest that tidn invasive observational method is
representative of free ranging wild bottlenose dwlgliving behaviour, and may prove useful
for management of this and other dolphin populatiexposed to high levels of anthropogenic
activity. It could take up to 30 years to conchesy determine the longer term effects of boat
presence on the overall fithess of the long livedtlenose dolphin (Wilsoret al, 1999;
Constantineet al, 2004). Further research is needed to examiedaihg term effects of
seemingly short term behavioural changes, as thay imve drastic implications on
energetics, reproduction and distribution of thakeady vulnerable cetaceans. Finer scale
behavioural observations, such as dive behavioalysis, could prove to be vital for
understanding the potential respiratory and energénplications of dolphin-boat

interactions.
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Appendices

This section includes a CD-Rom containing dive @etd analyses.
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