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Abstract
The bottlenose dolphin is a widespread, iconic species and as such is protected by law
throughout Europe. Cardigan Bay in Wales has two areas designated for the protection of
the bottlenose dolphin. Legislation protecting the bottlenose dolphin requires Governments
to ensure factors that may adversely affect populations are limited. With respect to the
bottlenose dolphins of Cardigan Bay, this factor is likely to be disturbance. Boat
disturbance within Cardigan Bay has been steadily increasing due to increases in the
number of recreational boats used and wildlife watching trips taken. Studies show that
boat disturbance can negatively impact bottlenose dolphins, with responses ranging from
moderate changes in behavior to the avoidance of preferred habitats. This study focuses
on the effect of disturbance on dolphin community structure, community structure being
important to increasing an individuals’ fitness. Additionally, it examined the effectiveness of
current management plans in decreasing the possible effects of disturbance. Cardigan Bay
was split into areas of regulated and unregulated high vessel traffic and areas of low
vessel traffic. The results strongly indicate that vessel traffic does impact community
structure. Group size was significantly smaller in areas of high vessel traffic and results
suggested individuals in high vessel traffic areas form many moderately strong bonds with
many other individuals, whereas those in areas of low vessel traffic formed very strong
bonds with a small number of individuals. Very similar values between areas of regulated
and unregulated vessel traffic indicate that the current management plan is not being
effective in reducing all of the impacts of disturbance on the dolphin population. This study
recommends the continued monitoring of Cardigan Bay to increase the understanding of
how disturbance may affect the bottlenose dolphins and to allow an effective management
plan to be put in place.
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1. Introduction
1.1 Species Ecology and Current Threats
This chapter will discuss the ecology of the bottlenose dolphin Tursiops truncatus and the
threats they face, with particular emphasis upon boat disturbance, and an overview of the
known behavioural responses associated with disturbance.

1.2 Bottlenose dolphin-Tursiops truncatus
The bottlenose dolphin belongs to the order Cetacea, suborder Odontoceti (toothed
whales) and family Delphinidae (IUCN, 2012). Two species of bottlenose dolphin are now
recognised, the “Common Bottlenose Dolphin” Tursiops truncatus and the”Indian Ocean
Bottlenose Dolphin” Tursiops aduncus. This study will focus on the former. The bottlenose
dolphin is a particularly widespread, cosmopolitan species found in tropical and temperate
seas of all oceans (Wells and Scott, 1999) occupying a wide range of habitats including
pelagic waters, oceanic islands, and coastal habitats, including sheltered estuaries and
lagoons (Leatherwood and Reeves, 1990; Connor, et al., 1998; Wells and Scott, 2002).
Coastal bottlenose dolphins have been recorded showing a range of movement patterns
including periodic residency, year-round home ranges, seasonal migrations and both
occasional long-range movements and repeated residency (Wells and Scott, 1999;
Connor, et al., 2000; Reynolds, et al., 2000). Size of the bottlenose dolphin is varied
across its distribution; off Shark Bay, Australia for example bottlenose dolphins are only
220-230cm length (Ross and Cockcroft, 1990) whereas sizes of bottlenose dolphins
around the UK range between 300-410cm and therefore are some of the largest examples
of the species in the world (Wilson, 2008).
Bottlenose dolphins are long lived species, females have been recorded as living for up to
50 years and some males have been recorded as reaching 45 years (Wells and Scott,
1999; 2002). Sexual and physical maturity differs with region; in general males reach
maturity between 9-12 years of age and females between 5-12 years (Wells and Scott,
2002). The gestation period for calving in females is approximately 12 months, with calves
being born every 3-6 years, maternal investment then extends for about 3-6 years, with
many calves separating with the birth of the next calf (Wells and Scott, 1999; 2002;
Reynolds, et al., 2000).
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1.3 Sociality of the species
Important information about species population dynamics, ecology and behaviour can be
gained by studying the societies in which animals live (Whitehead, 1997; Connor, et al.,
2000). Kappeler and van Schaik (2002) detail that a society has three component parts:
social organisation, a mating system and the social structure. The first describes a
society’s demography, including its group size, sex ratio, age composition and
spatiotemporal cohesion. The second is concerned with describing mating interactions
both genetically and behaviourally whilst the third describes the social interactions
between individuals regardless of age, sex or group size. This third component, social
structure, is the focus of this study. Hinde (1976) developed a framework where social
relationships between a pair of individuals (a dyad) can be defined by the pattern of social
interactions between them. These dyadic relationships can then be used to characterize a
society’s social structure. It is therefore important when studying animal social structure
that interactions between individuals in a society are examined and that this is done over
time to allow patterns and trends to be uncovered (Hinde, 1976; Gero, et al., 2005).
Studies on bottlenose dolphin sociality have shown that the species forms complex social
relationships in fission-fusion societies (Connor, et al., 2000; Mann, et al., 2000; Lusseau,
et al., 2006a). Fission-fusion societies are those where group size and composition are
changeable and dynamic (Connor, et al., 2000), as individuals choose to join or leave
groups (Mann, et al., 2000; Lusseau et al 2006b), forming large communities whose
members frequently change schools (White, 1992; Lusseau, et al., 2006a, b).
Observing and quantifying social interactions within cetaceans however is not easy as they
are primarily found underwater out of sight (Whitehead, 1997; Mann, 1999; Mann, et al.,
2000). Spatiotemporal groups, individuals found in the same place at the same time, have
been suggested to provide a suitable proxy whereby associations within groups can be
defined (Whitehead, 1997; Whitehead and Dufault, 1999; Whitehead, et al., 2000).
Therefore, studying the factors determining group composition, formation and individual
identity are important for understanding cetacean social structure (Mann, et al., 2000;
Gero, et al., 2005).

10

1.4 Grouping in Bottlenose Dolphins
It is understood that “there is no automatic benefit from group living but there are universal
detriments” (Alexander, 1974), suggesting that grouping would not occur unless the
benefits outweighed the costs (Connor, et al., 2000). Trade-offs between the costs and
benefits of grouping are thought to be determine animal social systems (Mann, et al.,
2000; Ansmann, et al., 2012), with fission-fusion societies potentially evolving to allow
individuals to group when benefits outweigh the costs and disband when the situation
reverses (Wrangham, et al., 1982; Connor, et al., 2000), so that factors affecting group
formation may affect the resulting associations formed (Wiszniewski, et al., 2010).

1.4.1 Benefits and Costs of Grouping
Predation and resource availability have been suggested as factors determining grouping
in fission-fusion societies (Norris and Dohl 1980; Wrangham, 1982; Wisznewski, et al.,
2009), with shark predation being thought the primary factor determining group size in
many cetaceans (Norris and Dohl 1980; Wells, et al.,1980). A variety of sharks, including
tiger sharks (Galeocerdo cuvieri), great white sharks (Carcharodon carcharias), bull sharks
(Carcharhinus leucas) and dusky sharks (Carcharhinus obscurus), as well as killer whales
(Orcinus orca) are most often implicated as predators of cetaceans (Long and Jones,
1996) and several of these have been associated with attacks on near shore bottlenose
dolphin populations (McBride and Hebb, 1948 in Connor, et al., 2000 p.204). By grouping,
individuals can enhance their survival through increasing predator detection and
decreasing the rates of attack per individual. Decreased rates of attack per individual are
gained through dilution and confusion effects, where rates of capture are reduced due to
the synchronous movements of grouped individuals (Landeau and Terborgh, 1986; Turner
and Pitcher, 1986; Miller, 1922 in Connor, et al., 2000 p.206). Additional benefits include
allowing some individuals to reduce their own vigilance in favour of other activities, such as
foraging (Beauchamp, 2001, Davies, et al., 2012).
When predation pressures are low prey availability may have a more central role in
determining group size (Würsig, 1986). Cardigan Bay is free from the major predators of
bottlenose dolphins and studies have shown that prey availability is probably the main
determinant of range in the Cardigan Bay bottlenose dolphin population (Pesante, et al.,
11

2008a, b). Cooperation has been observed in bottlenose dolphins where fish are trapped
near shore or in groups (Reynolds, 2000). Fission-fusion mammal societies have been
found to respond to resource availability, with scarce resources resulting in one large well
connected group that facilitates information sharing regarding unpredictable patches
(Connor, et al., 2000). Abundant resources have, however, been found to result in highly
clustered social networks (Cross et al., 2004; Sundaresan et al., 2007; Chaverri, 2010;
Ansmann, et al., 2012). This is supported by studies showing that when resources are
defensible and able to support more than one individual, group formation is favoured
(Wrangham, 1980)
Grouping does not come without costs; groups can suffer increased rates of detection by
predators as well as resource competition (Wrangman, 1980; Norris and Dohl, 1980,
Mann, et al., Ansman, et al., 2012). However, within marine environments these costs are
considered to be fairly low, as detection of groups does not seem to be greater than for
individuals (Pitcher and Parish 1993). Costs associated with locomotion are also
considered to be lower in marine environments, thus decreasing the costs of increased
foraging effort (Connor, et al., 2000). Other costs associated with grouping include
increased spread of parasites and disease amongst individuals (Connor, et al., 2000). The
flexibility of fission-fusion societies allows dolphins to react to environmental factors and,
depending on the situation, to form optimal group sizes.

1.4.2 Associations Formed within Groups
Groups form when individuals come together. Whether this is a reaction to external factors
such as prey availability or through genuine preferred associations is an important
distinction (Lusseau, et al., 2006a). Within a population individuals will encounter and
associate with a number of others, forming preferred associations with specific individuals;
these associations will then determine the social structure (Hinde 1976, Connor, et al.,
2000). Social structure then determines the genetic make up of populations (Pusey and
Wolf, 1996; Sugg, et al., 1996, Kruetzen, et al., 2003) the information transfer pathways
(King, 1991, McComb, et al., 2001; Leavens, 2002), the spread of diseases (Newman,
2002; Corner, et al., 2003) and the way in which populations exploit their environments
(Hoelzel, 1993; Baird and Dill, 1996; Connor, et al., 1998). The fission-fusion societies of
bottlenose dolphins are typically characterised by associations that vary in strength and
stability over time (Wells, et al,. 1987; Gero, et al., 2005; Foley, et al., 2010). Strong bonds
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with preferred associates are those where individuals show consistent affiliative
preferences, spending more time together than would be expected by chance (Lusseau, et
al., 2006a). These bonds are formed primarily to increase an individual’s reproductive
success, varying according to ecological conditions, sex, age and social position (Connor,
et al., 2000).
Within bottlenose dolphins, marked sex differences have been found in the associations
made by males and females (Wiszniewski, et al., 2009). Males have been recorded to
form very strong long term associations with one or two preferred companions; these small
groups are called alliances and are usually formed to consort females (Connor, et al.,
2001). Such alliances are also found in chimpanzees (Mitani and Amsler, 2003). Malemale alliances in bottlenose dolphins can last for many years; for example, alliances of 20
years were found in the bottlenose dolphin (T. truncatus) population of Sarasota Bay,
Florida, and for 12 years in the bottlenose dolphin (T.aduncus) population of Shark Bay,
Australia (Connor, et al., 1999). Complicated male alliance formation has also been
demonstrated in the bottlenose dolphin population in Shark Bay where males have been
found to make second order alliances (Connor, et al., 1999; Connor, 2007) in order to
attack, or defend against, other male alliances. Second order alliances, however, are less
stable and endure for only a few years (Connor, et al., 1999). These bonds within males
are therefore very important in increasing those individuals’ reproductive success.
Such strong alliances have not been found between females. Females naturally form very
strong bonds only with their calves. Interestingly, a similar strength of association is found
between males in long term stable alliances demonstrating the strength and consistency of
those alliances (Connor, et al., 1999). Studies have shown that female alliances are
variable. Some females have no or very few strong associations whilst others seem to live
in bands, with most females having associations somewhere in between (Connor, et al.,
2000; Lusseau, et al., 2006).

Observations of female grouping within the T.aduncus

population of Port Stephens suggests that those associating closely tend to be more
genetically related, but that by also having non-related associates, other factors may also
play a part in determining associations (Moller and Harcourt, 2008). One factor thought to
determine female associations and grouping is reproductive state, with mothers
preferentially associating with other mothers (Lusseau, et al., 2003). Associations between
males and females are usually through reproductive consortships (Wells, et al 1987).
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Additionally community divisions within bottlenose dolphin populations have been found to
result from individuals preferentially assorting by age, sex and behavioural state (Lusseau
and Newman, 2004). Where males and females are constrained in their associations by
reproductive effort and state, juveniles will group together based more on behaviours as
they are less constrained by reproductive effort.
The complexity of bottlenose dolphin society has only recently begun to be understood.
Bottlenose dolphins have particularly large brain sizes with respect to their body size
(Connor, 2007). It is possible that this large brain size, supported by high quality diets and
metabolic rate, has allowed complex social systems to evolve (Connor, 2007). Within
dolphin societies, there is relationship uncertainty between individuals. Dolphins living in
certain areas, including Shark Bay in Australia, can occupy large overlapping areas where,
for example, dolphin A knows B, and B knows C, but A and C, whose ranges do not
overlap, do not know each other (Connor and Mann, 2006; Connor, 2007). This produces
relationship uncertainty, where individuals know some better than others. This suggests
greater complexity than in closed primate systems where individuals can build a good
knowledge of others social relationships (Connor, 2007). In addition to relationship
uncertainty, imitative abilities and motion perception within bottlenose dolphins further
suggests societies as complex as those within primates (Connor 2007). The complexity of
open fission-fusion societies and alliance formation is thought to be facilitated by
synchronous behaviours displayed between individuals (Connor, 2007).
Developing and maintaining long term associations is important for the bottlenose dolphin,
as well as many animal societies, as long term associations can improve an individual’s
reproductive fitness. This is achieved through mechanisms including enhanced breeding
success e.g. red howler monkeys , Alouatta seniculus (Pope, 2000), information exchange
e.g. African Elephants , Elephas maximus (McComb et al., 2001), reduced aggression e.g.
spider monkeys Ateles geoffroyi (Asensio et al,. 2008) as well as reduced predation and
infanticide risks e.g. (Tursiops spp) (Dunn, et al., 2002; Wiszniewski, et al, 2009).

1.5 The Effects of Disturbance
There is significant potential for conflict between some bottlenose dolphin populations and
anthropogenic activities arising from the nearshore habitat preference of bottlenose
dolphins (Bejder and Samuels, 2003; Bejder, et al.,2006a, b, Lusseau, et al., 2009).
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Furthermore, within long term resident populations there is a danger of short term effects
building up cumulatively. Anthropogenic activities can disrupt and threaten populations in
a number of ways including entanglement in fishing nets (Vidal, 1993; Wells and Scott,
1999; Reynolds, et al., 2000), increased exposure to environmental pollutants (Morris, et
al., 1989; Borrel,, 1993) and disturbance from fishing boats, tourist trips and recreational
water crafts (Evans, et al., 1992; Bejder and Samuels, 2003; Bejder, et al, 2006a, b;
Lusseau, 2006). If bottlenose dolphin populations are to be effectively conserved the wide
spread impacts resulting from anthropogenic conflicts need to be understood. This study
will focus on how the anthropogenic impact of boat disturbance may affect bottlenose
dolphin behaviour.

1.5.1 Responses to Disturbance
A number of studies have looked at the effects of disturbance on the physical and acoustic
behaviour of dolphins (Miller, et al., 2008; Lemon, et al., 2006; Highman and Bejder,
2008). The preference for shallow near shore habitats by bottlenose dolphins can be
attributed to prey distributions and the relative safety of shallow water habitats for raising
calves (Würsig and Würsig, 1979; Wells, 1993; Barco, et al., 1999), Increased boat
disturbance has been reported to elicit behavioural changes (Lusseau, 2003; Constantine
et al., 2004) and resulted in injury and even death in some circumstances (Wells and
Scott, 1997; Miller, et al., 2008). Typical behavioural responses observed include changes
in direction of travel (Miller, et al., 2008), increased dive duration (Janik and Thompson,
1996; Lusseau, 2003), changes in dolphin behavioural state (Nowacek, et al., 2001;
Lusseau, 2003; Constantine, et al., 2004), increased group cohesion (Bejder, 1999;
Nowacek et al., 2001) and increased breathing synchrony (Hastie, et al., 2003). These are
all responses associated with evasion (Miller, et al., 2008) and are similar to responses
observed to some shark predators (Tayler and Saayman, 1972; Miller, 2008). Conversely,
some dolphins have been observed to approach boats, this behaviour is most common
within curious, playful juvenile (Constantine, 2001) or with dolphins following fishing boats
for an easy meal (Ansmann, et al 2012). Cumulative short term responses to boats, either
positive or negative, could have impacts on long term dolphin survival (Miller, et al., 2008).
By either approaching or avoiding boats, dolphins may reduce the time they would spend
socializing, feeding or resting causing decreased energy acquisition and increased energy
expenditure (Miller, et al.,2008), potentially leading to lower individual fitness, reproductive
success and thus a less viable population. The full extent of disturbance on a population
15

will be differentially linked to resource availability and acquisition (Bejder, et al., 2006;
Miller, et al., 2008).
Bejder, et al., (2006a) found individual bottlenose dolphins of Shark Bay in Australia will
react differently to disturbance. Some individuals were found to show long lasting changes
in behaviour by completely leaving a disturbed area in favour of a non-disturbed area.
Those remaining in disturbed areas showed more moderate responses to disturbance. A
similar effect has been noted for bottlenose dolphins in the coastal waters of Croatia,
where permanent or temporary avoidance of one area of the Mediterranean was observed
in response to seasonal increases in boat traffic (International Whaling Commission,
2007). Avoidance of preferred habitats has also been observed in White-tailed deer where
their home ranges and activity may alter in response to disturbance (Dorrance, et al.,
1975).

1.5.2 Effects of Disturbance on Community Structure
It is important that the effects of boat disturbance, both their physical presence and the
noise generated, are studied with respect to near shore bottlenose dolphin populations
due to the continued increase in recreational boats and watercrafts leaving coastal towns
(Buckstaff, 2004). This study will aim to assess the impact of boat disturbance on the
community structure of the population of bottlenose dolphins inhabiting Cardigan Bay,
Wales. The effects of boat disturbance will be assessed with particular respect the social
networks of the bottlenose dolphins.

2. Conservation of the Bottlenose Dolphin
Within Europe, the bottlenose dolphin has been designated a species for special
protection (European Union, 2007; Evans and Pesante, 2008), this designation requires
that countries in which the species occurs have to protect the populations and limit the
threats they face. This requirement has resulted in protected areas being designated, and
management plans produced for the two main semi-resident populations of bottlenose
dolphin found within the UK. The next section discusses the legislative background and
management plans in place for Cardigan Bay in Wales, as this is where the present study
is focused upon.
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2.1 Legislative Background

Regulations and management are frequently used as a means to protect and ensure the
long term survival of vulnerable species and habitats. A number of commitments have
been made on conserving the world’s natural biodiversity. In 1979, the UK adopted the
Convention on the Conservation of European Wildlife and Natural Habitats (Bern
Convention), which came into force in 1982. The Bern Convention aims to ensure the
protection and conservation of wild animal and plant species as well as their natural
habitats, in addition to increasing cooperation between contracted countries and regulating
the trade and exploitation of particular species (JNCC, 2012a).

Within Europe the European Commission developed Council Directive 92/43/EEC on the
Conservation of Natural Habitats of Wild Fauna and Flora. The Directive was adopted in
1992 and is known as the European Community’s Habitats Directive (EC Habitats
Directive) (JNCC, 2012c). The EC Habitats Directive represents one way in which
European Union member states can honour international commitments and is arguably the
strongest conservation legislation within Europe. The Directive requires Member States to
restore and maintain habitats and species of Community importance at favourable
conservation status (JNCC, 2012c). Aims of the Directive are outlined under Article 2 of
the Directive (Box 1).
Box 1. Article 2 (Directive 92/43/EEC)

1. The aim of this Directive shall be to contribute towards ensuring the bio-diversity
through the conservation of natural habitats of wild fauna and flora in the European
territory of the Member States to which the Treaty applies
2. Measure taken pursuant to this Directive shall be designed to maintain or restore, at
favourable conservation status, natural habitats and species of wild fauna and flora of
Community interest
3. Measures taken pursuant to this Directive shall take account of economic, social and
cultural requirements and regional and local characteristics
(European Union, 2007)
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2.2 SAC Designation for the Bottlenose Dolphin
The bottlenose dolphin (T.truncatus) is listed under Annex II and Annex IV of the EC
Habitats Directive (European Union, 2007). The Annexes detail the habitats and species
that are of European importance, listing habitats under Annex I and species under Annex
II, IV or V. Regarding species designation, the Annexes afford different levels of protection
and allow for some overlap in designation.

As a species listed under Annex II, the

bottlenose dolphin is a “species of Community interest whose conservation requires the
designation of special areas of conservation (“Natura 2000 sites”)”. Under Annex IV it is a
“species of community interest in need of strict protection” (European Union, 2007).

Annex II protection requires that EU Governments designate Special Areas of
Conservation (SACs) for these species. SACs, together with Special Protected Areas
(SPAs), designated under the Wild Birds Directive 2009/147/EC, (specifically for the
protection of birds) form part of the ‘Natura 2000’ network (CCW, 2005; JNCC, 2012c;
European Union, 2007). Inland sites are termed ‘European Sites’ and those including
marine areas become ‘European Marine Sites’ (CCW, 2005). Protection of the species
under Annex IV prevents the “deliberate capture or killing of specimens in the wild;
deliberate disturbance of animals in the wild, particularly during the period of breeding,
hibernation and migration; and deterioration and destruction of breeding sites or resting
places”.

Within the UK there are two SACs designated primarily for the protection of the bottlenose
dolphin; the Moray Firth SAC in Scotland and the Cardigan Bay SAC in Wales. For both
SACs the bottlenose dolphin is designated the primary feature for the site. However,
additional species present within the Cardigan Bay SAC are listed as qualifying features,
including the Atlantic Grey Seal, Halichoerus grypus, the Sea Lamprey Halichoerus grypus
and the River Lamprey Lampetra fluviatilis. Habitats present as qualifying features include
reefs, submerged or partially submerged sea caves and sandbanks partially covered by
sea water all the time (CCC, 2008; JNCC, 2012d). Additionally, the bottlenose dolphin is
listed as a qualifying feature for the Pen Llyn a’r Sarnau SAC which is found at the
northern end of Cardigan Bay (JNCC, 2012e).
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Cardigan Bay and the Moray Firth have been designated as SACs for the bottlenose
dolphin as they are the only sites where semi-resident populations of bottlenose dolphins
can be found. Both sites have been identified as having the physical and biological factors
necessary for successful reproduction, and thus sustained bottlenose dolphin populations
(JNCC, 2012f). In addition to protection from SACs, a Species Action Plan for small
cetacean species is also in place (JNCC, 2012f).

2.3 Practical Requirements of a Special Area of Conservation

Once an area is designated as an SAC, it is required that the features, either habitats or
species, are kept in Favourable Conservation Status as defined by Article 1 of the EC
Habitats Directive (Box 2) (CCW, 2005). The primary feature for Cardigan Bay SAC is the
bottlenose dolphin, making it this population which must be kept in Favourable
Conservation Status (CCW, 2005).

Box. 2 Favourable Conservation Status of a species
Conservation status of a species means the sum of the influences acting on the species
concerned may affect the long-term natural distribution and abundance of its population within
the territory referred to in Article 2.
The conservation status will be taken as ‘favourable’ when:
•

Population dynamics data on the species concerned indicate that it is maintaining itself on a
long term basis a viable component of its natural habitats(s), and

•

The natural range of the species is neither being reduced, nor is likely to be reduced for the
foreseeable future, and]

•

There is, and will probably continue to be , a sufficiently large habitat to maintain its
populations on a long-term basis

(European Union, 2007)
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Favourable Conservation Status is determined using four conservation objectives
(European Union, 2007).

To determine Favourable Conservation Status of a species

values are established, above or below which, conservation status can be considered
favourable or unfavourable (European Union, 2007). Common Standards Monitoring
(CSM) programs, led by the JNCC, are used to monitor these values (JNCCg, 2012) to
allow accurate interpretation of performance indicators and population trends, increasing
the understanding and identification of factors affecting the population (CCW, 2005;
European Union, 2007). This then allows legislation and a management plans for an SAC
to be developed.

2.4 Threats to the Bottlenose dolphins of Cardigan Bay
Cardigan Bay is located on the west coast of Wales. The bay is large spanning 100km
from north to south and within it contains both the Cardigan Bay SAC in the south and the
Pen Llyn a’r Sarnau SAC in the north.
The main threats to the dolphins of Cardigan Bay are those associated with anthropogenic
activities such as recreational boating and wildlife watching tours, which result in increased
noise pollution, disturbance and pollution (Pesante, et al., 2003, Veneruso, and Evans,
2012). Fishing within the bay is relatively light, yet recreational boating activity is
increasing as summer months attract large influxes of visitors resulting in increased water
craft use and wildlife watching trips running along the coastline (Hoyt, 2001; CCW, 2005;
O’Connor, 2009), as well as potential decreases in prey availability from increased
recreational fishing. Short term responses to boat disturbance, such as avoidance
measures, could have long term consequences on dolphin reproductive success and thus
population sustainability. The degree to which damaging anthropogenic activities are
affecting the Cardigan Bay bottlenose dolphins population and maintenance is not known
clearly, but there is some indication that individuals within areas of high vessel activity are
moving away (CCW, 2005; Pesante, et al., 2008a; Veneruso and Evans, 2011a; Lohrengel
et al., 2012).

20

2. 5 Existing management plans

As stated earlier, one of the conservation objectives of the SAC is to put in place
management measures to protect the species. Management of boating activities has been
present along the Ceredigion Coast for over ten years. Before Cardigan Bay was
designated an SAC in 1996, Ceredigion County Council had been promoting a voluntary
Code of Conduct since 1992 for recreational boat users (CCC, 2009). The code of conduct
advocates boating practices that minimise disturbance to seabird breeding areas, seals
and dolphins (CCC, 2008). It aims to achieve this by detailing the separation distances that
should be observed between visitor boats and bottlenose dolphins. Studies conducted on
the effectiveness of the Code of Conduct indicate that when the code is followed, dolphins
are less likely to move away from boats and it is now being followed in 90% of the
encounters between boats and dolphins (Pierpoint, et al.,2009). Highest compliance was
found around New Quay and declined toward the south. In addition to the Code of
Conduct, bye-law speed limits operate on boats in the harbours and around bathing
beaches, with additional voluntary speed limits stretching along the Marine Heritage Coast
running from New Quay Head south toward Ynys Lochtyn (CCC, 2008).

After being initially introduced as a voluntary Code of Conduct, the code was made
compulsory in 1996. Substantial effort has gone into educating both users and visitors of
the bay and since the code was made compulsory, powers are present for the harbour
master to give warnings and remove moorings for offenders consistently break the rules
(CCC, 2010). Monitoring compliance is obviously difficult. However, at present it seems
that compliance within the New Quay area is fairly high, which could be a result of many of
the visitors re-visiting the Bay and being more aware of the importance of keeping their
distance from marine mammals. The Welsh Government has identified Ceredigion, (the
county in which Cardigan Bay is located), as an area with great economic potential from
an increasing tourism industry (CCC, 2010). Despite emphasis being placed on
sustainable development of the area to ensure a long term industry, the aim is to attract
more tourists and the result will likely be an increase in recreational boating activity thus
increasing pressures from disturbance. The fact that this area contains two SACs requires
the relevant authorities to understand how factors, such as disturbance, will affect the
population before developments encouraging those factors are promoted. This will help
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maintain the population in favourable conservation status and prevent developments that
may negatively affect this status.
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3. Aims and Objectives
In the case of the bottlenose dolphin, many studies have shown that disturbance elicits a
variety of reactions, including increased group cohesion, dive duration, breathing
synchrony and even changes in preferred habitat (Janik and Thompson, 1996; Nowacek,
et al., 2001; Hastie, et al., 2003 Lusseau, 2003; Constantine, et al., 2004; Miller, et al.,
2008;) responses likened to those with predation risk, suggesting that dolphins feel
threatened by boats. Behaviour could have long term effects due to changes in energy
allocation and potentially result in decreased individual fitness and reproductive success.

As recreational boat usage and numbers continue to increase across the entirety of
Cardigan Bay, the impact on the resident bottlenose dolphins needs to be monitored and
understood. This will allow effective management to be developed and favourable
conservation status maintained. The effect of disturbance on community structure has not
yet been studied extensively and so the focus of this study, with the aims as follows:
•

To determine if community structure differs in areas of high vessel traffic compared
with areas of low vessel traffic

•

To determine if community structure differs between the areas of regulated high vessel
traffic and areas of unregulated high vessel traffic

The results of this study should add valuable knowledge to assessing the impact of boat
disturbance on bottlenose dolphins by adding an understanding of the effects of
disturbance on community structure. Furthermore, comparisons between regulated areas
of high vessel traffic and unregulated areas of high vessel traffic should allow important
conclusions to be drawn on whether the current management plan is being successful in
reducing impacts of boat disturbance on the dolphins.
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4. Study Site: Cardigan Bay and the Cardigan Bay SAC

Cardigan Bay encompasses the west coast of Wales and is the largest embayment found
in the British Isles (Pesante, et al.,2008b). It stretches from the Llyn Peninsula in the north
to St David’s in the south (Roberts et al., 1998) covering a total area of 4986.86km2
(Pesante, et al., 2008). Within the bay there are two SACs, Cardigan Bay in the South and
Pen Llyn a’r Sarnau SAC in the north (Figure. 1).

#

Figure 1 Study site: Cardigan Bay rectangle shows Cardigan Bay SAC, the hatched
polygon shows Pen Llyn a’r Sarnau SAC with the diagonal line showing the edge of
Cardigan Bay (Sourced: Pesante, et al., 2008b)

The Bay is relatively shallow with gentle slops and an average depth of 60m (Evans,
1995). Water temperatures range from 16oC offshore and 20oC inshore during
August/September to minimums of 5oC in February/March (Evans,1995; CCC, et al.,2001).
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Within Cardigan Bay there are three main estuaries inputting fresh water, with the potential
to affect local water temperatures, salinity and quality, salinity ranges from 34.2%o in
summer and 33.3%o in winter (Evans, 1995). Tidal current speed primarily affects the
substrate, where currents are strong substrate is gravely, where current speed and energy
is low, substrate is muddy. Tides within the Bay are semi-diurnal entering from the St
Georges Channel (Evans, 1995).
Bottlenose dolphins are observed throughout the year within Cardigan Bay and show
seasonal differences in group size and dispersion (Baines and Evans, 2009). Over
summer groups tend to be small and are observed close to the coast, group size peaks in
September and October as some individuals move into North Welsh waters for winter in
groups of between 50-150 individuals (Baines and Evans, 2009; Veneruso and Evans,
2012). Over summer, dolphins range across the entire Bay with sightings being most
common along the inshore waters from Aberystwyth to the Teifi estuary including New
Quay, Ynys Lochtyn, Aberporth and Mwnt (Evans, 2000). Studies on the bottlenose
dolphins in the Bay suggest that the Bay is used for breeding, socializing and feeding
(Evans, 1995; Baines and Evans, 2012). Studies show the population using the Bay
includes individuals of high site fidelity, those that visit occasionally and others that pass
through (Pesante, et al., 2008b).
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5. Methods
5.1 Cardigan Bay Area Divisions
Cardigan Bay was divided into a) regulated areas of high vessel traffic, b) unregulated
areas of high vessel traffic and c) areas of low vessel traffic. Areas of high and low vessel
traffic were defined based on boat data collected during dedicated cetacean surveys (See
chapter 5.2) for the years 2006-2011 where the number of boats present within visual
range were logged every 15 minutes (Lohrengel, et al., 2012). Areas of high vessel traffic
were those with over 30 boats observed per hour of effort. Regulated areas were those
where the Cardigan Bay Boat Management Plan is enforced and followed. They were
defined independent of SAC status since not all areas within an SAC are regulated,
although areas of regulated high vessel traffic did mostly fall within the Cardigan Bay SAC.
Areas of low vessel traffic were defined independent of whether or not they were
regulated.

Figure 2. Cardigan Bay showing areas of regulated and unregulated high vessel
traffic . Areas of low vessel traffic are those not included in areas defined as areas of
regulated or unregulated high vessel traffic. Both the Cardigan Bay SAC and Pen Llyn
a’r Sarnau SAC are shown (Image: GoogleMaps)
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5.2 Field Data Collection
Dolphin encounter data used in the community structure analysis were collected from both
land and boat based surveys between April and November, between 2001-12. Surveys
would be conducted only if light conditions were good and the sea state was three or less
on the Beaufort scale. The Beaufort scale grades sea state where 0 = flat glassy water, 1
= small ripples and wavelets, 2 = wavelets forming small peaks and 3 = well defined
peaked wavelets with some white tops visible (Met Office, 2012). These conditions gave
the best chance that dolphins, where present, would be spotted. If during a survey the
visibility decreased due to heavy rain or fog, and/or the sea state rose to above three, the
survey trip was terminated due to the increased possibility of unreliable sightings and a
reduced chance of reliable photo identification photos being taken (Alger, 1992).

5.2.1 Survey Boats
Between 2001 and 2012, a number of different survey boats had been used for data
collection, however data collection procedures were standardised across platforms. Boats
were typically small motor boats of between 10 and 15 meters length, powered by one or
two 100hp diesel engines. A typical example of a boat used for survey is shown in (Figure.
3). This vessel, the Dunbar Castle, was primarily used for line transect surveys out of New
Quay harbour and has a cruising speed of approximately 7-8 knots (Pesante, et al.,
2008b).
a)

b)

Figure 3. Boats used to collect survey data. The Dunbar Castle (a) primarily used for line
transects (Sourced: Pesante, et al., 2008b) and the Ermol VI (b) primarily used by
volunteers for opportunistic photo ID (Photograph courtesy of M. Sostres).
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5.2.2 Line transect Surveys of Cardigan Bay SAC
Boat-based surveys were conducted throughout Cardigan Bay, but with emphasis focused
upon the Cardigan Bay SAC. The Cardigan Bay SAC was divided into two strata; an
inshore and an offshore one. The inshore strata extended approximately 11 km from the
coast, and the offshore strata ran to approximately 23 km. Line transect surveys were
conducted in these areas, zigzagging from the coast to the edge of either the inshore or
offshore strata. Transects were chosen at random before a survey. If a transect had to be
terminated before it had been completed, it was resumed and finished at the next survey
opportunity.
A minimum of 5 people were needed to conduct line transect surveys although most
surveys ran with 7-10 observers aboard. Surveys were undertaken using two primary
observers, two independent observers and one person to record effort. Primary observers
were position on the roof of the boat to give them a greater field of view and searched with
the naked eye, independent observers were positioned where there was good visibility,
either at the front or the back of the boat, and searched using binoculars, and the person
recording effort would be positioned near the independent observers. Once dolphins were
sighted, information was recorded on a sightings form. Information on time, species, group
size, composition and behavioural characteristics were noted and the sighting was also
given a sightings reference number. Behavioural characteristics used included slow or
normal swim, fast swim, feeding, suspected feeding, leaping/splashing, tail-slaps, bowriding, resting/milling, socialising and reaction to boat.
Effort was recorded on an ‘effort form’ every 15 minutes and additionally when weather or
boat course changed, or there was a sighting event. Entries resulting from a sighting were
given a unique reference number that was also used by primary observers. Information
included position (latitude and longitude), effort status (casual watch, dedicated search,
photo-ID and line transect), sea state, swell height, range of visibility (0km, 1-5km, 5-10km,
and 10km>), precipitation intensity and type, and the angle of any glare affecting the
observers field of view.
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5.2.3 Additional boat based and land based surveys
In addition to line transect surveys undertaken within the Cardigan Bay SAC, boat based
surveys were undertaken ad-libitum across the Bay. These surveys covered areas within
the Pen Llyn a’r Sarnau and also the southern areas of the Bay. Data collection protocols
used were similar to line transect surveys, the main difference being that only two
observers would search, using binoculars, at one time. Opportunistic photo-ID was also
conducted from one of the wildlife watching boats; Ermol VI, which leaves New Quay and
operates 1-2 hour trips long the Heritage Coast. Research volunteers joined some of these
trips and conducted photo-identification where possible. Whilst the boat would not actively
approach the dolphins, photo-identification could occur if the dolphins came close to the
boat.
Land based photo-identification was also opportunistic. Volunteers would conduct land
watches from New Quay pier monitoring dolphin presence in the harbour. If dolphins came
close to the pier photo-identification was conducted.

5.2.4 Photo-identification and group determination
Once dolphins had been spotted, during line transect and ad-libitum surveys, they were
approached and photo-identification was conducted, usually by two photographers at the
front of the boat, following the methods of Wursig and Jefferson (1990). Photographs were
taken with DSLR cameras and zoom lens. Dolphins were tracked by the remainder of the
research team who would instruct the skipper and photographers on animal movement.
Groups upon which photo-identification was conducted are henceforth referred to as
‘encounters’. Encounters would last until
•

all the dolphins had been photographed;

•

dolphins were lost;

•

dolphins began to show signs of avoidance such as changes in travel direction or
prolonged diving;

•

visibility deteriorated or

•

time allowed by the licence received from Countryside Council for Wales had expired.
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At this point, the encounter was terminated and the boat would leave the dolphins. Photoidentification images were taken of the animal’s dorsal fin and back from a perpendicular
angle (Figure 4). Attempts were made to photograph all animals observed in an encounter
regardless of their markings.

Figure 4. Dorsal fin of a ‘well marked’ adult female showing
nicks and scaring used for identification (Sourced: Pesante,
et al., 2008a)

All the individuals photographed in an encounter were considered to be part of the same
group. A group was defined as individuals observed within 100m of each other and
performing the same activity or travelling in the same direction (Wells, et al., 1987). Group
size was determined by counting individuals present, and then confirmed using photoidentification. Gender was determined with photographs of aerial or bow riding behaviour
showing the genital area (Smolker, et al., 1992). Additionally gender was suspected when
adults occurred in close association with young calves (recorded as probable females) or
when relatively large individuals were observed with heavy dorsal fin scarring (recorded as
probable males) (Wilson, 1995). If more than one group of dolphins was sighted during a
survey, the groups were recorded as separate encounters each with different unique
sightings number. To separate photos of dolphin encounters, a numbered spacer photo
was taken.

Photographs were downloaded onto a computer and analysed using ACDSee 5.0.1 digital
imaging software, following matching protocols developed by Sea Watch Foundation. Only
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high quality photos were used for identification to avoid false positive or negative errors
(Scott, et al., 1990). Identification was conducted based on variation of dorsal fin shape,
nicks, lesions and scars (Figure) (Wilson, et al., 1999), with dolphins being categorised as
•

Marked - where the animal can be identified from either side from distinct markings on
the dorsal fin

•

Slightly marked - where the animal can be identified from either side but the markings
on the dorsal fin are less distinct and can only be resolved from high quality photos

•

Right - pictures taken of the right side of the dorsal fin without markings in the form of
nicks, but with pigmentation patterns or scars

•

Left - pictures taken of the left side of the dorsal fin without markings in the form of
nicks, but with pigmentation patterns or scars

Only well marked or slightly marked individuals were included in this analysis.

6. Data Analysis
6.1 Effort and Reliability
Trade-offs are made in association studies between ensuring that data are reliable,
animals are seen often enough to be representative of their associations, and that as
many animals as possible are included (Elliser, et al., 2012; Bejder, et al., 1998). This
study only included animals seen more than five times during the period 2001-12 and were
considered associated if sighted in the same group. Data were then pooled into three year
blocks, 2001-03, 2004-06, 2007-09 and 2010-12 to try to ensure that sufficient individuals
were included in the analysis. This was particularly important in those areas designated as
having low vessel traffic where encounters with individuals were low. Pooling data also
allows between year studies to be undertaken, and thus long term trends to be
determined, as well as allowing comparisons with other studies (Elliser, et al., 2012).
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6.2 Group Size and Determination of Associations
Group size was determined, and significant size differences between areas tested with a
paired t-test using Minitab15.
To analyse measures of association, the Half Weight Index (HWI) was used to calculate
the Coefficient of Association (CoA) (Whitehead, 2006) using the social analysis program
SOCPROG 2.4 (Whitehead, 2009). A number of association indices exist for measuring
association. The HWI was most appropriate for this study since it took into account
possible observer bias during sampling techniques, for example surveys where it was not
possible to identify all the individuals within the group (Cairns and Schwager, 1987;
Lusseau, et al., 2006b). Furthermore, it allows for comparisons with other bottlenose
dolphin studies (e.g. Wells, et al., 1987; Lusseau, et al., 2003). The HWI was calculated as
follows
HWI=X/(X+0.5(Ya+Yb))
Where: X = the number of times both dolphin individuals a and b were seen in the same
group
Ya = the number of groups in which dolphin a was seen without dolphin b
Yb = the number of groups in which dolphin b was seen without dolphin a
Association values produced by the HWI range from 0 to 1, with 0 occurring when two
individuals are never seen together, and 1 when two individuals are always seen together.
To establish the reliability of the calculated CoA values, values of social differentiation (S),
S2 X H (where H is the mean number of observed associations per individual) and the
correlation coefficient (CC) were calculated (Whitehead 2008a,b; Elliser, et al., 2011).
These measures indicate how well the data analysed truly reflects the social system,
allowing conclusions to be made on whether sufficient data have been included in the
analysis. Where S is less than 0.3, the society shows slight homogeneity, whereas values
over 0.5 indicate well differentiated societies and values over 2 indicate extremely
differentiated societies (Whitehead, 2006). Where values of social differentiation are
between 0.5 and 1, the number of associations needed to detect preferred
companionships is fewer than data sets with low differentiations (Whitehead, 2008a).
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Values of cluster coefficients range between 0 and 1, and indicate how well the analysis
can detect the true social system; values of 1 show an exact reflection; and values of 0
indicate no reflection (Whitehead, 2008a). Standard errors were calculated using 1,000
bootstrap replicates.

6.3 Association strength and preferred/avoided companions
Pooled CoA’s were calculated for all individuals included in the analysis using SOCPROG
2.4. The strength of association indices was then determined using the definition from
Gero, et al., (2005) and Whitehead (2008a), where strong associations are defined as
those where the individual CoA was more than twice the average of the CoA of the
population.
To investigate the possibility of preferred or avoided associations within the population
SOCPROG was used to conduct permutation tests. The number of permutations was
increased until the p-values stabilised; this occurred at 10,000 permutations with 100 flips.
Following SOCPROG guidance (Whitehead, 2006), sampling periods were set to year for
all analysis, and associations were weighted by “no. of groups within sample”. To conduct
the preferred/avoided associations, “permute groups within samples” was chosen
(Whitehead, 2006).

6.4 Long term Associations and Community Structure
To determine how communities may be clustered and if disturbance has an effect on
clusters non-metric multidimensional (MD) scaling was performed using SOCPROG. An
MD plot shows individuals that are closely associated as being plotted close together,
whereas those that are weakly associated are plotted further apart (Whitehead, 2009). A
value of stress is produced with each plot, and where stress < 0.1, the plot is thought to be
of good ordination (Whitehead, 2008a). The number of dimensions used to calculate plots
were increased until stress was < 0.1. The starting configuration was set to random for all
plots.
Hierarchical agglomerative cluster analysis was also conducted. The average linkage
method was used and plots created show the degree of association on one axis and
individuals on the other (Whitehead 2009). The plots are produced with a value, the
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Cophenetic Correlation Coefficient (CCC), indicating how well the dendogram matches the
association matrix. CCC values > 0.8 indicate that the dendogram is good match to the
association index (Whitehead, 2008a).

6.5 Association Strength and Clustering Coefficient
Strength is the sum of associations with all other animals, and the cluster coefficient shows
how well an individual’s associates are associated, and therefore, the number of triads
found in a network compared with the total number of triads present given the number of
animals present in the network (Lusseau, 2006a). It measures the probability that if ‘a’ and
‘b’ are associated, and ‘a’ also associates with ‘x’, that ‘b’ and ‘x’ are also associated
(Lusseau, 2006a), these values were calculated using SOCPROG and the information was
then used to construct social networks using NetDraw (Borgatti, 2002).
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9. Results
9.1. Effort and Reliability
518 days of survey were undertaken between 2001 and 2012 resulting in a total of 1559
dolphin encounters and 476 individuals identified. Of these encounters, 950 groups and
250 identified individuals were included in the analysis after fulfilling the requirements of
having either a slightly or well-marked dorsal fin and being sighted at least five times. Of
the included individuals, 43 were known females, 13 were known males and 194 of
unknown sex. A total of 912 groups were observed in high vessel traffic areas across the
Cardigan Bay; of these, 716 groups were observed in the regulated areas of high vessel
traffic and 197 in the unregulated areas of high vessel traffic. A total of 39 groups were
observed in low vessel traffic areas across the entire bay.
Values of social differentiation (S), H (a measure of the mean number of associations per
individual), Correlation Coefficient (CC) and S2 X H were calculated for all dolphin groups
found in regulated and unregulated areas of high vessel traffic for all years (Table 1).
Social differentiation values for regulated areas of high vessel traffic were very high
suggesting a very well differentiated social system (S>1) for all three year blocks.
Correlation Coefficient values also generated for all three year blocks show that the data
are a reliable representation of the social system (CC>0.5). Social differentiation values
could not be generated for all 3 year blocks in areas of unregulated high vessel traffic or
areas of low vessel traffic, where they were generated, values for areas of regulated high
vessel traffic were consistently higher. Those generated for unregulated vessel traffic show
a fairly well differentiated social system in pooled years 2004-06, 2007-09 and 2001-12
(S>1) with CC values showing only pooled years 2007-09 and 2001-12 are good
representations of the social system (CC>0.5).Therefore, hereafter all community structure
comparisons made between regulated and unregulated areas of high vessel traffic will be
made between years 2007-09 and 2001-12 unless otherwise stated. Regarding areas of
low vessel traffic, social differentiation values could be generated only for years 2001-03
and 2001-12. Corresponding correlation coefficient values are low for the two social
differentiation estimates (CC<0.5), with years 2001-12 having the higher correlation
coefficient (C=0.33). In order to make comparisons between areas of regulated and
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unregulated high vessel traffic and low vessel traffic, only social network values of low
vessel traffic areas generated over the entire period 2001-12 are used.
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Table 1. Total number of days surveyed, encounters and individuals included in the analysis. Also shows calculated values of social differentiation (S),
correlation coefficient (CC), mean number of associations per individual (H) as well as S2 X H for regulated areas of high vessel traffic (RHT), unregulated areas
of high vessel traffic (UHT) and area of low vessel traffic (LT). Years with high social differentiation and corresponding correlation coefficients are in bold and
will be compared in this study.

Year

Days

RHT

Encounters

UHT

LT

RHT

Individuals

UHT

LT

RHT

Social Differentiation

Correlation

Mean No. Associations per

(S)

Coefficient (CC)

Individual (H)

UHT

LT

RHT

UHT

LT

RHT

UHT

LT

RHT

2

S xH

UHT

LT

RHT

UHT

LT

2001-2003

85

3

13

138

3

19

157

19

92

2.21

0

0.69

0.69

0

0.26

29.45

7.05

13.83

143.71

0

6.51

2004-2006

94

23

5

152

42

6

212

127

41

3.04

1.02

0

0.71

0.35

0

23.01

16.66

10.88

212.51

17.16

0

2007-2009

122

74

9

207

129

9

193

157

55

3.83

1.93

0

0.82

0.58

0

27.45

20.59

10.47

403.29

76.39

0

2010-2012

119

18

4

219

23

4

184

78

30

2.14

0

0

0.78

0

0

50.11

13.49

13.07

229.70

0

0

2001-2012

420

110

31

716

197

38

395

240

166

4.36

2.18

1.13

0.86

0.59

0.33

60.81

27.23

16.18

1156.50

129.64

20.07
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9.2 Group Size
Group size ranged from 2 to 39 individuals with average group sizes being calculated for
all pooled years (Table 2). Mean group size of regulated vs. unregulated areas of high
vessel traffic, did not differ significantly. However, mean group sizes in regulated and
unregulated areas of high vessel traffic were significantly smaller (P<0.001 and P<0.5
respectively) than groups in areas of low vessel traffic.

Table 2. Mean group size for all groups found in pooled data periods. Years and values
with high social differentiation and corresponding correlation coefficients are in bold.
Regulated High Vessel

Unregulated High

Low Vessel Traffic

Traffic Areas

Vessel Traffic Areas

Areas

2001-2003

5.43

6.67

7.32

2004-2006

4.99

6.07

7.83

2007-2009

4.24

4.39

7.44

2010-2012

4.79

5.57

7.75

2001-2012

4.80

4.92

7.47

Year

9.3 Association strength and determination of preferred and/or avoided
associations
9.3.1 Mean Coefficient of Association (CoA)
When all 3 year blocks are considered, values of the mean CoA and the percentage of
individuals with greater than twice the mean CoA are similar between regulated and
unregulated areas of high vessel traffic (Table 3). Looking specifically at years 2007-09
this general trend is supported since mean CoA values are the same (mean CoA = 0.3)
and values for percentage of individuals with over twice the mean are similar (12.95% and
15.29% respectively). Years 2001-12 show some variation on this general trend, mean
CoA values remaining low for both regulated and unregulated areas of high vessel traffic
(mean CoA=0.1 and 0.3), but the percentage of individuals with over twice the average
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CoA being much higher in regulated areas compared with unregulated areas of high
vessel traffic (24.30% and 8.33% respectively).
Comparing mean CoA’s for regulated and unregulated areas of high vessel traffic with
areas of low vessel traffic across all three year blocks, shows that areas of high vessel
traffic have a lower mean CoA but higher percentages of individuals with greater than
twice the mean CoA (Table 3). Comparing specifically between years 2001-12, mean CoA
values were lower in areas of regulated high vessel traffic (mean CoA = 0.01) than in
areas of low vessel traffic (mean CoA =0.05), and had a greater number of individuals with
more than twice the mean CoA (24.30%)than areas of low vessel traffic (12.05%). This
was not true of comparisons between areas of unregulated high vessel traffic and areas of
low vessel traffic. Mean CoA is lower in areas of unregulated high vessel traffic (mean CoA
= 0.03) than in areas of low vessel traffic (mean CoA = 0.05) but the percentage of
individuals with greater than the mean CoA is higher in areas of low vessel traffic (12.05%)
than in areas of unregulated high vessel traffic (8.33%).

9.3.2 Permutation Tests
Permutations tests show preferred and/or avoided associations, indicated by significantly
larger SD and/or CV values calculated for the data when compared to random permutation
SD and/or CV (P<0.05). The data show that preferred and/or avoided associations are
present for pooled years 2007-09 and 2001-12 for both regulated and unregulated areas of
high vessel traffic (P<0.05). The data also show that significantly preferred and/or avoided
associations are also present areas of low vessel traffic (P<0.05)
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Table 3. Mean CoA’s of dolphin groups, percentage of dolphins with over twice the
average mean CoA, real and random permutated SD and CV values with corresponding
significance values for areas of regulated high vessel traffic, unregulated areas of high
vessel traffic and areas of low vessel traffic. Years and values in bold are those with high
social differentiation and corresponding correlation coefficients

Year

Regulated High Vessel Traffic

Mean CoA

% twice

Real/Perm SD

P-Value

mean CoA

Real/Perm

P-Value

CV

2001-2003

0.03 (0.02)

7.01

0.09/0.07

0.001

3.11/2.82

1

2004-2006

0.02 (0.01)

22.64

0.10/0.09

0.001

4.24/4.10

0.036

2007-2009

0.03 (0.02)

12.95

0.12/0.08

0.001

3.82/3.64

0.005

2010-2012

0.05 (0.03)

11.41

0.14/0.09

0.001

2.89/2.64

0.001

2001-2012

0.01 (0.01)

24.30

0.06/0.04

0.001

4.93/4.93

0.053

P-Value

Real/Perm

P-Value

Un-regulated High Vessel Traffic
Mean CoA

% twice

Real/Perm SD

mean CoA

CV

2001-2003

0.36 (0.12)

5.26

0.46/0.46

0.687

1.27/1.27

0.505

2004-2006

0.07 (0.05)

18.11

0.21/0.17

0.001

3.04/2.93

0.001

2007-2009

0.03 (0.02)

15.29

0.12/0.096

0.001

3.61/3.39

0.001

2010-2012

0.1 (0.07)

20.51

0.25/0.22

0.011

2.41/2.38

0.002

2001-2012

0.03 (0.02)

8.33

0.11/0.08

0.002

4.19/3.97

0.001

% twice

Real/Perm SD

P-Value

Real/Perm

P-Value

Low Vessel Traffic
Mean CoA

mean CoA

CV

2001-2003

0.09 (0.5)

2.17

0.25/0.23

0.006

2.69/2.63

0.004

2004-2006

0.24 (0.74)

0

0.40/0.39

0.007

1.68/1.69

0.792

2007-2009

0.15 (0.07)

1.81

0.32/0.32

0.481

2.16/2.15

0.151

2010-2012

0.44 (0.23)

0

0.49/0.48

0.719

1.12/1.12

0.144

2001-2012

0.05 (0.03)

12.05

0.18/0.18

0.042

3.54/3.46

0.001
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9.4 Defining Clusters
9.4.1 Non metric multi-dimensional scaling plots
Non-metric multidimensional scaling plots were used to show clustering within areas
(Figure 7). Representative plots from years 2007-09 were used for regulated and
unregulated vessel traffic and representative plots from 2001-12 used for areas of low
vessel traffic. These years were chosen due to the high social differentiation values for
those years and the relatively high and similar number of individuals observed in each 3
year block (Table 1). Furthermore, stress values were lowest for these plots (Stress <0.1
indicates plots representing true ordination) when compared with plots from all other three
year blocks for regulated and unregulated areas of high vessel traffic.
Plots for regulated and unregulated areas of high vessel traffic for the years 2007-09 show
that clustering patterns are similar between the two areas. Closeness of individuals reflects
how often individuals are seen together and thus associated. Plots of regulated high
vessel traffic areas show one main cluster of individuals with four peripheral groups, whilst
the plot of unregulated high vessel traffic areas shows one main cluster of closely
associated individuals and two small peripheral groups with strong associations, along with
some lone peripheral individuals. The MD plot for groups found in areas of low vessel
traffic suggests that there are two main clusters. Within these clusters, the plots show
individuals form small groups of two or three individuals each with very strong
associations.
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a)

Dimension 1

b)

Dimension 1

c)

Dimension 1

Figure.5 Representative Multidimensional Scaling Plots for years 2007-2009 for (a) regulated
areas of high vessel traffic (b) unregulated areas of high vessel traffic and (c) areas of low vessel
traffic. Stress (a) = 0.04, (b) = 0.05, (c) = 0.03. Stress< 0.1 shows good ordination.
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9.4.2 Hierarchical Agglomerative Cluster Analysis
A comparison of hierarchical agglomerative cluster analysis for regulated (Figure 6) and
unregulated (Figure 7) areas of high vessel traffic shows that grouping patterns within the
cluster are similar for both areas, with groups splitting primarily at lower association index
values. Groups in low vessel traffic areas contain fewer individuals and split at higher
association index values than those in regulated or unregulated areas of high vessel traffic
(Figure 9). Furthermore, the plot created for areas of low vessel traffic supports the nonmetric multi-dimension scaling plot and suggests that within areas of low vessel traffic, two
dolphin clusters have arisen. All plots had Cophenetic Correlation Coefficient (CCC)
values indicating that the plots are representative of the true clustering within the data
(CCC>0.8).
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Population mean CoA = 0.03
Figure 6. Hierarchical cluster analysis plot for years 2007-2009 for areas of regulated high vessel traffic CCC=0.87,
CCC>0.8 shows a good representation
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1
Population mean CoA = 0.03
Figure 7. Hierarchical cluster analysis plot for years 2007-2009 for areas of unregulated high vessel traffic CCC=0.83,
CCC>0.8 shows a good representation
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Association Index
Population mean CoA = 0.05
Figure 8. Hierarchical cluster analysis plot for years 2001-2012 for areas of low vessel traffic CCC=0.878, CCC>0.9
shows a good representation
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9.5 Social Network Analysis
Values of association strength for regulated and unregulated areas of high vessel traffic for
the years 2007-09 and 2001-12 show very similar association strength in the two areas
(Table 4). When areas of regulated and unregulated vessel disturbance were compared
with areas of low vessel traffic between 2001-12, values of association strength were
found to be highest in low vessel traffic areas, and lowest in unregulated high vessel traffic
areas (8.49 compared to 6.49 and 4.99 respectively) (Table 4).
The same is seen when considering cluster coefficients, values for regulated and
unregulated areas of high vessel traffic are very similar for years 2007-09 and 2001-12.
Whereas the values for low vessel traffic were higher (0.55 compared to 0.20 and 0.31
respectively) (Table 4), indicating areas of low vessel traffic to have cluster coefficients
more than double that of regulated areas of high vessel traffic and almost double for areas
of unregulated high vessel traffic, thus areas of regulated high vessel traffic had the lowest
strength and cluster coefficient values for years 2001-12.
Table 4. Strength and Cluster Coefficient values for regulated and unregulated areas of
high vessel traffic and areas of low vessel traffic. Years and values in bold are those with
high social differentiation and corresponding correlation coefficients.
Year

Strength

Strength

Strength

Cluster

Cluster

Cluster

Regulated

Unregulated

Low

Coefficient

Coefficient

Coefficient

High

High Vessel

Vessel

Regulated

Unregulated

Low Vessel

Vessel

Traffic

Traffic

High Vessel

High Vessel

Traffic

Traffic

Traffic

Traffic
2001-2003

4.74

6.53

8.38

0.20

0.92

0.65

2004-2006

2.98

8.9

9.53

0.31

0.51

0.86

2007-2009

5.98

5.38

8.01

0.34

0.32

0.79

2010-2012

8.75

7.92

12.64

0.31

0.59

0.98

2001-2012

4.99

6.46

8.49

0.20

0.31

0.55
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Social networks produced for both regulated and unregulated areas of high vessel traffic
show one main cluster of individuals. The social network for regulated areas of high vessel
traffic areas shows one main cluster and two peripheral small groups (Figure 9). This
supports the MD scaling plots and hierarchical cluster analysis. The two peripheral groups
shown have no ties with the central cluster, indicating that they do not associate with
individuals in the central cluster. Individuals are represented by symbols and the size of
the symbol represents values of strength. As expected, those individuals found in the
middle are larger, indicating higher strength values. Known males and females are also
plotted within the diagrams, and for areas of regulated high vessel traffic, are spread
throughout the cluster, both having many associations with other individuals. The network
showing unregulated high vessel traffic areas again shows one main cluster (Figure 10).
There is also an additional group of three individuals that does not associate with the main
cluster. Both males and females are spread throughout the main cluster, although males
are located more around the periphery of the cluster, whereas in regulated areas of high
vessel traffic, males occur more in the centre. The social network showing areas of low
vessel traffic show individuals clustering into two groups (Figure 11), and this was also
indicated through MD scaling plots and hierarchical cluster analysis. Additionally, both
clusters shown indicate that individuals have preferred associates and form small
subgroups on the edges of the cluster yet remain well connected to the main cluster,
primarily via a single individual. Again, males and females can be seen across the network
both in the centre and at the edges.
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Figure 9. Social network for years 2007-2009 for regulated areas of high vessel traffic. Nodes
represent individuals and edges represent associations. Females are represented as up triangles,
males are represented as squares and unknown individuals are represented as grey circles. Size of
individual shows number of associations (strength).

Figure 10. Social network for years 2007-2009 for unregulated areas of high vessel traffic.
Nodes represent individuals and edges represent associations. Females are represented as
up triangles, males are represented as squares and unknown individuals are represented
as grey circles. Size of individual shows number of associations (strength).
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Figure 11.. Social network for years 2001-2012 for areas of low vessel traffic. Nodes represent
individuals and edges represent associations. Females are represented as up triangles, males
are represented as squares and unknown individuals are represented as grey circles. Size of
individual shows number of associations (strength).

10. Discussion
Boat disturbance in Wales from commercial wildlife watching tours and recreational
boating activity within Cardigan Bay has been increasing in recent years, and continues to
do so at an accelerated rate (Hoyt, 2001; Buckstaff, 2004; CCW, 2007; O’Connor, et al.,
2009; Lohrengel, et al., 2012). This is particularly the case with Cardigan Bay, with tourism
development along the Ceredigion coastline being identified as an area of unrealised
economic potential in a number of strategies from the Welsh Government (CCC, 2010).
Increased numbers of visitors inevitably lead to increased recreational boat usage. It is
therefore important that both short and long term impacts of disturbance on species like
the bottlenose dolphin within Cardigan Bay are understood
Studies show that community structure can be determined among dolphins showing long
term site fidelity to a particular area (Urian, et al., 2009; Elliser, et al., 2011). Since a
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significant proportion of the members of the Cardigan Bay bottlenose dolphin population
show long term site fidelity (Pesante, et al., 2008b), the population is a good candidate for
studying community structure.

10.1 Effects of Disturbance on Community Structure
10.1.1 Social Differentiation
Values of social differentiation (S) were high (S>2) for groups in all three year blocks in
regulated high vessel traffic area, as S indicates the variation in association (Whitehead,
2008), associations in areas of regulated high vessel traffic are very varied. Correlation
coefficients for groups in areas of high vessel traffic were also high, between 0.69 and
0.86, indicating that the data are a good representation of the social system (Whitehead,
2006). Social differentiation values for unregulated areas of high vessel traffic could only
be generated for years 2004-06, 2007-09 and 2001-12. Correlation coefficient (CC) values
for these years were low, 0.38, 0.58 and 0.59 respectively. Whereas, CC≈0.4 indicates
that the data are reasonably representative of the social system, values generated from
years 2007-09 and 2001-12 were primarily used in the analysis, being most representative
of the social system. In areas of low vessel traffic, values could only be generated for
pooled years 2001-03 and 2001-12 for which correlation coefficients were fairly low (CC =
0.26 and CC = 0.33), indicating that the social differentiation may not be a good
representation of the social system (Whitehead 2006). Therefore, values generated from
years 2001-12 were used in this analysis and those social structure values that were
generated need to be assessed with caution.
However, if values of social differentiation do represent to some degree the social
structure of the population, our results suggest that amongst dolphins in areas of high
vessel traffic variation in relationships is higher than that found for dolphins in areas of low
vessel traffic, with greatest social differentiation being found in those areas of high vessel
traffic which are regulated.
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10.1.2 Group Size, Association Index and Social Network Analysis
Both regulated and unregulated areas of high vessel traffic have group sizes that are
significantly smaller than group sizes observed in low vessel traffic areas (P<0.001 and
P<0.05 respectively), suggesting that vessel disturbance may cause dolphin group sizes
to become smaller.
In areas of regulated and unregulated high vessel traffic, the mean CoA is low and
percentage of individuals with over twice the mean CoA is high. This suggests that in
these areas dolphins form many moderately strong associations. In areas of low vessel
traffic, the mean CoA is high, but the percentage of individuals with over twice the mean
CoA is low, indicating that in these areas dolphins form a small number of very strong
bonds, and many weaker bonds.
When testing for preferred and/or avoided associations, permutation tests revealed that
non-random preferred associations occur in regulated and unregulated areas of high
vessel traffic and also in areas of low vessel traffic. This shows that dolphins preferentially
assort with or avoid specific associates at both levels of vessel traffic. Non-metric multidimensional scaling plots consistently plotted individuals from regulated and unregulated
areas of high vessel traffic within a dense singular group with few peripheral groups of
individuals with strong associations. The plot for areas of low vessel traffic shows two
clusters of weakly associated individuals as well many small groups of strongly associated
individuals. This supports trends shown by the mean CoA values, individuals in areas of
high vessel traffic have many moderate associations yet don’t show many groups of
individuals with strong associations, whereas in areas of low vessel traffic dolphins have
weaker associations but form more small groups containing very strongly associated
individuals.
Hierarchical agglomerative cluster analysis also reflects this community structure. The
analysis shows that many of the groups within both regulated and unregulated areas of
high vessel traffic split at lower association indices, similar to that of the mean CoA (mean
CoA=0.3 for years 2007-09), whereas in areas of low vessel traffic, groups split when
association indexes are higher (mean CoA=0.5 for years 2001-12). Additionally, values of
strength and cluster coefficient are higher in areas of low vessel traffic; indicating that
individuals within these groups have a greater number of associates and a well connected
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network, whereas individuals from groups in areas of regulated and unregulated high
vessel traffic had fewer associates and a less well connected network. Social networks
constructed for regulated and unregulated areas of high vessel traffic and areas of low
vessel traffic support those created by the non-metric multi-dimensional scaling plots.
Areas of high vessel traffic show dense clusters, whereas areas of low vessel traffic exhibit
two clusters and indicate subgroups occurring on the periphery but remaining connected to
the main cluster.
When these results are considered together they allow for a more complete picture of the
dolphin community structure. The higher social differentiation values for groups observed
in regulated and unregulated areas of high vessel traffic suggest that the community
structure here is well defined. This is supported by the presence of smaller group size and
CoA values, suggesting that individuals seem to form many moderate associations but few
very strong ones. Individuals in low vessel traffic areas seem to form larger groups where
individuals have few, very strong associations, in a society that is indicated to be less
varied. Low Strength and Cluster Coefficient values suggest that the community structure
in regulated and unregulated areas of high vessel traffic may also be more fragmented
than that of communities in low vessel traffic areas.

10.2 Interpreting Responses to Disturbance
This study shows that community structures differ in areas of high and low vessel traffic.
Differences observed in community structure of groups found in areas of high vessel traffic
are supported by studies on the effects of disturbance in other bottlenose dolphin
populations. Dolphin groups have been observed to change their behavioural state
(Nowecek, 2001; Lusseau, 2003; Constantine, et al.,2004; Ribeiro, et al., 2005), increase
dive duration (Janik and Thompson, 1996; Nowacek et al., 2001; Lusseau, 2003) become
more compact with increased rates of change in membership and increased cohesion
(Denardo 1998, Bejder, 1999; Nowacek, et al., 2001), increase breathing synchrony
(Haste, 2003) as well as travelling at more erratic speeds with increased direction changes
(Goodwin and Cotton, 2004; Bejder, et al.,2006). These responses are generally evasive
responses, and may be associated with those generated from perceived predation threats
(Miller, et al., 2008), similar responses having been shown in schooling fish where group
cohesion increased in response to predation (Pitcher and Parish, 1993). Additionally, the
results suggesting that increased disturbance causes increased rates of change in group
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membership, could explain the variation in mean CoA values in the different areas of
vessel traffic. Since dolphin groups are smaller in areas of high vessel traffic, yet many
form moderate associations with many others, this may be the result of disturbance
causing dolphins to frequently change group membership. As a result of this, however,
dolphins do not develop strong associations with specific individuals as seen in dolphins in
areas of low vessel traffic. Some terrestrial mammals including mountain goats Oreamnos
americanus (Foster and Rahs, 1983) have also been observed to show unstable group
membership as a result of disturbance.
Disturbance has also been observed to cause important behaviours, such as resting and
socialising, to be discontinued (Lusseau 2004; Constantine 2004; Highman and Bejder
2006). Miller, et al., (2008) for example found some dolphin groups would stop feeding and
begin travelling if disturbed by boats. By moving around more often in areas of high vessel
traffic, the opportunity for groups to come together and socialise may be reduced, whereas
in areas of low vessel traffic, dolphins may form larger groups more often. In the same
way that increased rates of change in group composition could impact time spent forming
preferred associations, so could reduce time spent socialising and resting. Dolphins in low
vessel traffic areas may have greater opportunities to exert association preferences, such
as those based on gender, sex and behavioural state (Connor and Newman, 2004), than
those in areas of high vessel traffic. Observed values of mean CoA and percentage of
individuals with over twice the mean CoA values, for dolphins in regulated and unregulated
areas of high vessel traffic, could reflect this. Dolphins from both areas were found to
show preferred and/or avoided associations based on significantly high SD and/or CV
values. In areas of high vessel traffic where group membership is more unstable, grouping
may be determined more by the environmental pressure of boat disturbance than by
preferred individuals. It may be important for dolphins to form preferred associations to
increase individual reproductive fitness (Wiszniewski, et al., 2009), and whilst the
acquaintance level associations found in areas of high vessel traffic could be sufficient to
allow bottlenose dolphins to form effective foraging groups (Gero, et al., 2005), it may not
be the best environment to form more stable associations.
The fission-fusion nature of bottlenose dolphin societies allows dolphins the choice of
joining or leaving groups depending on the costs and benefits of the situation (Mann,
2000). Different bottlenose dolphin populations occupying different habitats show varying
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degrees of behavioural flexibility with respect to social cohesion, with some populations
being less fluid and more differentiated than others (Lusseau et al., 2003; Karczmarski, et
al., 2005). As noted earlier, the effect of disturbance may cause a sub-optimal level of
grouping to occur with sub-optimal associations between individuals forming. The
community structure of dolphins in areas of low vessel traffic is one that is characterized
by high strength and cluster coefficient values but relatively low social differentiation
values, and few, but strong, associations between dyads, which is similar to that of fissionfusion societies of bottlenose dolphin populations found in other areas (Wells, et al,. 1987;
Connor, et al., 2000b; Gero, et al., 2005; Foley, et al., 2010; Ansman, 2012).
Besides the effects of predation, prey abundance and dispersion has frequently been
found to have an impact on group size in bottlenose dolphins (Norris and Dohl, 1980). It is
thought that the distribution and abundance of bottlenose dolphins in Cardigan Bay is
largely determined by prey abundance and dispersion (Pesante, et al., 2008b; Veneruso
and Evans, 2012a). Areas of high vessel traffic within the Bay are invariably closer to the
shore, where they overlap with the main distribution of dolphins, suggesting that the
abundance of their favoured prey is highest here, at least in summer. It is therefore
possible that the grouping nature of bottlenose dolphins could be affected by foraging
activity. Additionally, observations from Cardigan Bay and others studies have shown that
bottlenose dolphins tend to form small groups inshore but are found in larger groups
offshore, which may help explain the higher group sizes of dolphins found in areas of low
vessel traffic that are also further offshore.
Some studies indicate that mammals can become habituated to tourism disturbance, such
as grey whales Eschrichtius robustus (Jones and Schwartz, 1984; Constantine, et al.,
2004) and chimpanzees Pan troglodytes (Jones, 1996). However, if the tourism
encounters are perceived as threatening, as demonstrated or some bottlenose dolphin
populations (Irvine, 1981; Constantine, et al., 2001) and gorillas Gorilla gorilla beringei
(Fossey, 1972), animals are more likely to become sensitised to encounters. Determining
if habituation, defined as a reduction in responses to a stimulus over time as animals learn
there are no benefits or detrimental consequences associated with it (Thorpe 1963),
requires detailed assessments on sequential, longitudinal measurements of individual
responses to controlled stimuli (Nisbet, 2000; Bejder, 2005). Even then it is difficult to fully
ascertain if habituation has taken place, other factors can induce habituation type
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responses such as deafness from exposure to disturbance (Bejder, et al., 2006) or
sensitive individuals having already been displaced from an area (Griffith and van Schaik
1993; Fowler 1999). Displacement of sensitive individuals has been observed in Shark
Bay in Australia, where some dolphins left preferred habitats due to increased disturbance
(Bejder, et al., 2006). Recent results from a study on the Cardigan Bay bottlenose
population suggest that fewer animals may be using the site, with more dolphin activity
being seen in North Wales (Veneruso and Evans, 2012). This could be a result of sensitive
individuals leaving the area, indicating the potential effects of disturbance resulting from
high vessel traffic or it may also be a result of shifts in prey distributions (Veneruso and
Evans, 2012) and is a factor that needs examining in more detail.
Having found differences in community structure between areas of high vessel traffic, and
low vessel traffic, and that community structure is similar for both regulated and
unregulated areas of vessel disturbance, it is important that these results are considered
with respect to management

10.3 Implications for management
This study divided Cardigan Bay into areas of regulated and unregulated high vessel
traffic, and areas of low vessel traffic. At present, the management plan for areas that are
regulated focuses primarily on decreasing the direct impact of boat disturbance by
increasing the distance between boats and dolphin groups, encouraging a steady speed
and the continuation of the boat’s predefined course without deviation towards the
dolphins. Compliance with these objectives has been increasing in one particular area of
the Bay (around New Quay), and as a result, the distance of boats to dolphin groups has
been successfully increased (CCC, 2010). Despite this, the results of this study show that
the management taking place within the regulated areas has not been effective in reducing
some of the impacts of disturbance, community structure from areas of regulated high
vessel traffic and unregulated areas of high vessel traffic being very similar to one another
whilst differing from areas of low vessel traffic.
It is not known precisely what dolphins may perceive as disturbance. Tolerance levels in
dolphins within Shark Bay Australia, have shown to vary, with no significant effects from
the presence of a single tour boat, but a marked decline in numbers of animals when this
was increased to two (Bejder, et al., 2006). This indicates that sensitivity of bottlenose
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dolphins may be more to boat number than boat speed; it also implies that some dolphins
have greater tolerance levels to vessel traffic than others, since in that study not all
dolphins were displaced. Aside from the physical disturbance caused by boats, there is
also the impact of noise pollution generated by the boats. The frequency bands used in
bottlenose dolphin whistles and vessel engines overlap, resulting in vessels having the
ability to mask dolphin whistles and signals (Evans, et al., 1992; Evans, 1996; Buckstaff,
2004;). Studies showed that the number of whistles emitted by dolphins was found to
significantly increase as boats approached (Buckstaff, 2004), potentially being a response
to attempt to increase the chance of successfully conveying information between
individuals as well as possibly being used to bring individuals together (Buckstaff, 2004).
Increasing group cohesion and closeness of individuals may allow increased synchrony. If
increased noise pollution is a trigger for responses to vessel presence, it is possible that
vessel number may again be an important factor to consider within management plans.
Management within Cardigan Bay is primarily followed and enforced within Cardigan Bay
SAC (Pesante, et al., 2008; Pesante and Evans, 2009; Veneruso and Evans 2012).
However, evidence suggests many of the dolphins range out of the Cardigan Bay SAC
throughout the summer, and form large groups in winter that disperse into North Welsh
waters (Baines and Evans, 2009). As vessel traffic is increasing throughout the entire bay,
particularly in the north around Barmouth, Tremadog Bay and Aberystwyth, it is important
that the entire Bay is considered in management plans. The bottlenose dolphin is an
Annex 2 species and as such it must be maintained in Favourable Conservation Status.
For this population the mandatory attribute that requires monitoring is the ‘number of
dolphins using the Cardigan Bay SAC’ (Veneruso and Evans, 2012). This measure will not
only reflect the status of impacts from within the Cardigan Bay SAC but also those of
threats occurring outside the SAC, additionally making it important that the wider area of
the Bay are incorporated into the management plan.

10.4 Recommendations
Results show community structure between areas of high vessel traffic and low vessel
traffic differs in the bottlenose dolphin population of Cardigan Bay. The similarity between
regulated and unregulated areas of high vessel traffic suggests that the current
management practice is not addressing the likely cause of the change in community
structure.
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Bearing in mind that survey effort has been low in certain areas, and since the correlation
coefficient values suggest that data for low vessel traffic at present does not strongly
reflect the social structure, this study would recommend increased survey effort and
monitoring particularly in those areas in order to allow more reliable interpretation of
observed trends. As high vessel traffic also coincides with areas used for feeding by the
Cardigan Bay bottlenose dolphin, it is important that this relationship is investigated to
determine the extent community structure is determined by prey availability. Additionally,
the long-lived nature of the bottlenose dolphins requires long term studies to be
undertaken in order to detect cumulative effects of disturbance upon the species.
However, this study already strongly indicates that high vessel traffic impacts dolphin
social networks, and therefore represents a cause for concern. In this study, high vessel
traffic areas were defined as those with over 30 boats per scanning period 2006-2011. A
more detailed analysis splitting Cardigan Bay into high, medium and low vessel traffic
areas could allow threshold tolerance levels to be detected once more data have been
collected. Furthermore, investigations into whether dolphin individuals found in areas of
high vessel traffic and those of low vessel traffic are the same animals could reveal that
certain individuals may be particularly sensitive to high vessel traffic disturbance and
others more tolerant, possibly determined by gender, age or reproductive status. If
sensitive animals have begun avoiding areas of high vessel traffic, this would have far
reaching implications on conservation management within the Bay.

11. Conclusion
The semi-resident community of bottlenose dolphins found in Cardigan Bay is listed as the
primary feature for the Cardigan Bay SAC designation, due to its status as an Annex II
species within the EU Habitats Directive, which requires countries to designate SACs for
them within the Natura 2000 network (European Union, 2007). The purpose of the SAC is
to protect the species and maintain it in favourable conservation status. At present, there is
insufficient information on the population to define values below which favourable
conservation status would not be achieved, indicating the continued need for monitoring
and data collection. Factors such as increased recreational boating activity and dolphin
based eco-tourism have been identified as causes of concern for the species; factors that
will need careful management for sustainable development of the area (Ugarte and Evans,
2006; Pesante et al., 2008; Pierpoint et al., 2009; Veneruso and Evans, 2012).
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Furthermore, despite the dolphins being the primary feature within the Cardigan Bay SAC,
they do not only range within this area, and therefore factors affecting them outside of it
need to be taken into account when considering conservation management. As the
number of recreational boats using the Bay continues to increase, so will the pressure of
disturbance upon the dolphins. The designation of the two SACs in Cardigan Bay places
the government under a legal obligation to protect this species, which therefore may have
to consider stronger management plans that take into account the number of vessels using
the Bay as well as their speed and behaviour once in the water.

Auto-Critique
This study has allowed me to gain valuable experience of marine mammal surveys and an
understanding of social network analysis. With more time it would have been interesting to have
investigated community structure further.
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