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evidence of historic and contemporary exchange between Scottish and Irish 
waters. 

 
 A high proportion of dolphins using the Moray Firth SAC in summer were also 

detected within east coast waters during winter. Passive acoustic monitoring 
highlighted that core areas within the SAC continued to be used during much of 
the winter, although at a lower level than that observed during the summer 
months.  

The following conclusions were reached: 
 

 Photo-identification can provide a robust method for estimating the abundance 
of bottlenose dolphins throughout Scottish coastal waters. However, in areas 
such as the west coast, where animals are sparsely and unpredictably 
distributed, research surveys are best targeted through close collaboration with 
public reporting schemes. 

 
 Only low numbers of bottlenose dolphins occur in Scottish coastal waters. 

Consequently, broad-scale systematic surveys provide limited power for 
detecting core-habitats either in winter or summer. However, this study has 
demonstrated that a combination of Passive Acoustic Monitoring and targeted 
photo-identification surveys can provide robust data on seasonal and inter-
annual patterns of occurrence in particular coastal areas of interest.  

 

For further information on this project contact: 
Fiona Manson, Scottish Natural Heritage, Battleby, Redgorton, Perth, PH1 3EW 

Tel: 01738 458 641 or fiona.manson@snh.gov.uk
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1 INTRODUCTION 
 
Bottlenose dolphins (Tursiops truncatus) are one of the most regularly sighted cetaceans 
around the Scottish coast, and require conservation action in response to the EU Habitats 
Directive, the Agreement on the Conservation of Small Cetaceans of the Baltic and North 
Seas (ASCOBANS) and the UK Biodiversity Action Plan for Small Cetaceans. Since it was 
submitted to the European Commission as a candidate site, the Moray Firth Special Area of 
Conservation (SAC) has provided an important focus for efforts to protect bottlenose 
dolphins in Scottish waters. Research on this species in Scottish waters has also focussed 
on the population that uses the Moray Firth SAC and adjacent waters along the east coast. 
However, broad-scale surveys, short-term projects and anecdotal reports all indicate that 
bottlenose dolphins also use inshore waters along the north and west coasts of Scotland. 
Protection of Scottish bottlenose dolphins requires management of threatening activities in 
these other areas as well as in the Moray Firth SAC, but our knowledge of their broader-
scale distribution, abundance and population structure is poor.  
 
Consequently, the Scottish Government and Scottish Natural Heritage (SNH) recognised 
that there was a need for better data on the distribution and activity of bottlenose dolphins 
outside the Moray Firth SAC. In turn, these data would then help assess potential risks from 
the diverse range of human activities that occur around our coast. 
 
In response to this need, the Scottish Government and Scottish Natural Heritage 
commissioned a research project to determine the distribution, abundance and population 
structure of bottlenose dolphins around the Scottish coast (Figure 1.1), with the purpose of 
answering conservation policy questions. This collaborative project has been carried out by 
the University of St Andrews’ Sea Mammal Research Unit (SMRU), the Scottish Association 
for Marine Science (SAMS), the Hebridean Whale and Dolphin Trust (HWDT) and the 
University of Aberdeen’s Lighthouse Field Station (AULFS), with additional support from a 
wide range of individuals and bodies.  
 
The objectives of the project were to: 
 
1. Review historic records from scientific surveys, wildlife tour operators and other voluntary 
sources, to provide information on the distribution of sightings of bottlenose dolphins around 
the entire Scottish coast. 
  
2. Develop, and train, a voluntary reporting network that will allow the project to target 
focussed research surveys around Scotland’s remoter coasts and build capacity for future 
photo-identification research in these areas. 
 
3. Determine the distribution and abundance of bottlenose dolphins in Scottish coastal 
waters, using ongoing photo-identification studies in the SAC and east coast, and boat-
based photo-identification surveys of dolphin groups in western and northern coastal waters.  
 
4. Provide estimates of abundance and movement rates between different sampling areas 
using multi-site mark-recapture analyses. 
 
5. Determine the potential for molecular analysis of DNA from stranded bottlenose dolphins 
that will complement photo-identification studies and assess relationships between dolphins 
using the SAC and those found along other Scottish coasts.  
 
6. Identify winter feeding areas used by the bottlenose dolphin population that uses the 
Moray Firth SAC. 
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This report outlines the work carried out to address each of these objectives and presents 
the overall conclusions and recommendation from the study in the final section.  
 

 
 
Figure 1.1. Map of Scotland showing the key locations mentioned in the report. 
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2 REVIEW OF HISTORIC RECORDS OF BOTTLENOSE 
DOLPHINS IN SCOTTISH WATERS 
 
Authors: Cheney, B., Evans, P.G.H., Ingram, S, Mandleberg, L., Reid, R.J., Stevick, P., 
& Thompson, P.M. 
  

2.1 Introduction  
 
Although bottlenose dolphins have become an iconic species in Scottish waters, little 
information existed on their distribution or abundance around Scotland prior to the 1990s. 
Since then, research has focussed on bottlenose dolphins using waters off the east coast of 
Scotland, but sightings of this species also occur in other areas around our coasts. The vast 
size, remote nature and uneven distribution of dolphins in Scottish territorial waters mean 
that it would not be feasible to reliably estimate the density of bottlenose dolphins using a 
systematic survey of this area. However, bottlenose dolphins typically bear natural marks 
that can be used to recognise individuals. This, in turn, allows us to apply mark-recapture 
models to photographic data and estimate abundance. These photo-identification studies 
must be based on surveys that adequately sample the population of interest. The approach 
taken in this study has therefore been to target our surveys in those areas, and time-periods, 
where there is a high probability that bottlenose dolphins are present. At the same time, we 
needed to maximise the likelihood that these surveys sampled all components of the 
population. The first two objectives of the study were therefore developed to support these 
photo-identification surveys, by allowing us to target boat-based surveys such that they were 
most likely to sample all components of the population.  
 
In this section we report on the first of these objectives, in which we collated records from all 
available sources and reviewed the historic distribution of sightings of bottlenose dolphins 
around the Scottish coast. 
  
 

2.2 Data sources 
 
Historical records of bottlenose dolphins around Scotland were collated from a wide variety 
of sources. These included searches of antiquarian books on Scottish fauna and flora, the 
collation of data from the reporting scheme established to record cetacean strandings, and 
reports of sightings of cetaceans held by the Joint Nature Conservation Committee (JNCC), 
Sea Watch and the Hebridean Whale and Dolphin Trust (HWDT). Sightings from Marine 
Mammal Observers (MMOs) aboard seismic survey vessels were also available through the 
JNCC, and data from the SCANS-II survey (SCANS-II, 2008) were supplied through SMRU.  
 
The earliest confirmed records of bottlenose dolphins round the Scottish coast come from 
specimens in the National Museums of Scotland. Two specimens were known to have 
stranded in the late 1800s (Herman, 1992). Since 1913, the Natural History Museum of 
London has recorded the stranding of over 8,000 cetaceans, including bottlenose dolphins, 
around the coasts of England, Scotland and Wales (Harmer, 1927; Fraser, 1934, 1946, 
1953, 1974; Sheldrick, 1989; Sheldrick et al., 1994). The National Stranded Whale 
Recording Scheme was set up in April 1990 for a co-ordinated investigation of the ecology 
and biology of cetaceans around Britain (http://www.nhm.ac.uk/research-
curation/research/projects/strandings/). Since 1992, this scheme’s work within Scotland has 
been carried out by the Scottish Agricultural College (SAC) Veterinary Services Inverness 
through their Scottish Marine Mammal Strandings Project. 
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JNCC have integrated data from three main sources to produce an atlas of cetacean 
distribution (Reid et al., 2003). Firstly, this draws upon the European Seabirds at Sea 
(ESAS) database which contains 13,000 year round cetacean records collected by JNCC 
and sister organisations in other European countries (Reid et al., 2003). ESAS surveys were 
carried out on ships of opportunity, using standard line transect methodology. Although 
designed for the detection of seabirds, they also collected information on cetaceans at 
approximately 10 minute intervals. Further details on the methods used are presented in 
Reid et al. (2003). A limited number of aerial surveys were also carried out as part of these 
studies, and all cetacean sightings were recorded (for methods see Pollock et al., 2000). 
Secondly, the JNCC atlas also draws upon effort-based data collected by the Sea Watch 
Foundation (see below). The majority of these data are from the late 1980s onwards, as 
most sightings in their database were opportunistic prior to this. Finally, the JNCC atlas uses 
data from the Small Cetacean Abundance in the North Sea (SCANS) surveys (Hammond et 
al., 2002). These line-transect surveys were conducted in June and July 1994, over a 
20,000km area that included the North Sea, Skagerrak and Kattegat, the Western Baltic, 
English Channel and Celtic Sea (Hammond et al., 2002). To create each of the distribution 
maps in the JNCC atlas, all data from 1979 to 1997 were converted to a common format and 
only sightings which were related to effort were included (Reid et al., 2003).  
 
The Sea Watch Foundation (formerly the UK Mammal Society Cetacean Group) was 
founded in 1991 and has been collecting marine mammal sightings in UK and Irish waters, 
from their network of over 2000 observers (http://www.seawatchfoundation.org.uk/). From 
the 1960s to the late 1980s most of these sightings were opportunistic. Since then the 
majority of sightings have been effort based. Sea Watch members have conducted land-
based watches at a number of different sites in periods of one to three hours, in a variety of 
intervals (daily, weekly, monthly). These have mainly been carried out between April and 
September but some sites have also been surveyed in the winter. Offshore watches have 
also been made from a variety of platforms of opportunity (e.g. research vessels, whale 
watching boats, seismic boats, fishery protection vessels, etc.) (Reid et al., 2003). All 
sightings were entered into the Sea Watch National Database, which currently has over 
60,000 records (http://www.seawatchfoundation.org.uk/). 
 
The Hebridean Whale and Dolphin Trust (HWDT) have been collecting bottlenose dolphin 
sightings from members of the public since 1989. In the early years, effort concentrated on 
the Mull coast, but in 1997 the HWDT launched a co-ordinated programme of cetacean 
sightings throughout the Hebrides, involving a network of observers (Jeewoonarain et al., 
1999). The network expanded in 2001 with the creation of the Hebridean Bottlenose Dolphin 
Project (HBDP), set up in part to collect and collate sightings and photo-identification data 
from members of the public and local marine users. Finally, in 2004 a dedicated fieldworker 
was employed to travel around the Hebrides informing locals of the project and encouraging 
them to report sightings. The HWDT sightings database includes casual sightings data that 
were collected from a number of different sources. Incidental sightings were encouraged 
from the general public and from a variety of marine operators including fishermen, fish 
farmers, coastguards, ferry personnel, local wildlife ecotourism operators and birdwatchers. 
Contributors were encouraged to use standard forms which recorded information relating to 
each sighting including location, date and time, species, group size and direction of travel. 
The recorders were also asked to give a score of the confidence of their species 
identification to allow post hoc sorting according to data quality. Sightings forms, posted to 
the HWDT office usually at the end of each summer season, were entered onto a central 
database (Mandleberg, 2006). 
 
In 2005, the SCANS-II survey was a carried out to repeat and extend the SCANS survey 
conducted in 1994. This survey provided coverage of more offshore areas around Scotland. 
Additional data on offshore sightings were available from JNCC through the Marine Mammal 
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Observer (MMO) programme that has been conducted since 1997 during seismic operations 
(Stone, 2003).  
 

2.3 Results 
 
2.3.1 Historical literature  
 
In recent decades, a high proportion of sightings have been reported from the Moray Firth, 
but historical records suggest that bottlenose dolphins have not always been common in this 
area. Thomas Edward, a naturalist who lived in Banff in the mid-nineteenth century, listed 
the fauna recorded in that area in his biography (Smiles, 1876). He lists four cetacean 
species, including the bottlenose dolphin. But, while harbour porpoises are described as 
“frequently seen”, he merely states that the bottlenose dolphin “is said to have been taken 
here, though there are some doubts as to the fact”. Similarly, eight cetacean species were 
listed by Harvie-Brown & Buckley in their 1895 “A Vertebrate Fauna of the Moray Basin”. 
Harbour porpoises were described as being “very abundant more especially during the 
summer and autumn when the herrings visit the coasts of the Moray Firth”, but bottlenose 
dolphins were not mentioned. The relative scarcity of bottlenose dolphins compared to 
harbour porpoises is also highlighted by Taylor (1898). In 1897, he reported that four 
bottlenose dolphins were stranded and shot in the inner Moray Firth, near Delny (Taylor, 
1898). Taylor mentioned that harbour porpoises were “the only common cetaceans in the 
Moray Firth” (Taylor, 1899) and believed that this stranding was the first description of 
bottlenose dolphins in the Moray Firth. Taylor also reported a later stranding of six 
bottlenose dolphins in 1901 in Munlochy Bay, also in the inner Moray Firth (Taylor, 1902).  
 
Early reports of bottlenose dolphins elsewhere on the east coast are also rare. For example, 
in his “The Vertebrate Fauna of Dee”, Sim (1903) describes a humpbacked whale in the 
mouth of the Tay, a fin whale entangled in salmon nets in Aberdeen Bay, killer whales 
stranded at Pennan Head and highlights that porpoises are abundant, but he makes no 
mention of bottlenose dolphins.  
 
Victorian naturalists describing the fauna of other Scottish coastal regions also provide 
limited evidence of bottlenose dolphins in recent historic times. In Orkney and Shetland, pilot 
whales, porpoises and killer whales were recorded regularly, but there is no mention of 
bottlenose dolphins in accounts of Shetland fauna (Venables & Venables, 1955; Evans & 
Buckley, 1899) and in Orkney, Buckley & Harvie-Brown (1891) only describe one stranding 
of two probable bottlenose dolphins in Scapa Flow in 1888.  
 
In the Outer Hebrides (Harvie-Brown & Buckley, 1888) and along the Caithness coasts  
(Harvie-Brown & Buckley, 1887), bottlenose dolphins are included in a list of mammals 
occurring in these areas, but the authors provide no additional details or comment. Similarly 
in the Inner Hebrides, the only mention of bottlenose dolphins is a reference to a bottlenose 
dolphin recorded in Kintyre in the New Statistical Account (Harvie-Brown & Buckley, 1892). 
Cetaceans are relatively poorly reported in these areas compared with the Northern Isles 
and east coast, although porpoises are recorded as commonly occurring in both the Outer 
Hebrides and Caithness coasts (Harvie-Brown & Buckley, 1888; Harvie-Brown & Buckley, 
1887).  
 
2.3.2 Strandings 
 
The first records of stranded bottlenose dolphins around Scotland are from Loch Long in 
1879, and the 1897 record from Delny that was reported by Taylor (Herman, 1992). Since 
regular records have been kept by the Natural History Museum of London, there have been 
72 bottlenose dolphins reported stranded around the coast of Scotland between 1929 and 
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2008 (Figure 2.1). Most of these animals were reported in the Moray Firth and the Hebrides, 
and the majority of these (78%) were in the 1990s and 2000s. Only 16 strandings of 
bottlenose dolphins were recorded between 1929 and 1989 (Figure 2.2). Stranded 
bottlenose dolphins were found throughout the year although most were found in July and 
August. Of all strandings, 38% were male and 30% were female, with the sex of the 
remainder unidentified. 
 
2.3.3 Sightings 
 
The JNCC cetacean atlas shows the distribution of bottlenose dolphins in north west Europe 
from 1979 to 1997. In Scotland, the largest numbers have been seen in the north-east, 
specifically around the Moray Firth (Figure 2.3). However, there are also sightings on the 
west coast (especially the Outer Hebrides) and south of Shetland. 
 
Three sightings of bottlenose dolphins were recorded in Scottish waters during SCANS-II. 
One of these was in the Firth of Forth, the second was 20 miles west of the Outer Hebrides, 
and the third was over 100 miles east of Shetland (Figure 2.4). Marine Mammal Observers 
have also observed bottlenose dolphins in more offshore waters to both the west and east of 
Scotland during seismic operations (Figure 2.4). 
 
The Sea Watch Foundation provided 9,856 sightings of bottlenose dolphins around the 
Scottish coast from July 1966 to September 2007 (Figure 2.5). Group sizes ranged from 1 to 
150 dolphins (the latter being seen north of Portpatrick, Dumfries and Galloway in 1997) with 
an average group size of 8, and median of 6. However, nearly 94% of groups consisted of 
20 or fewer animals and nearly half the groups contained a maximum of five individuals. The 
highest number of sightings, 1043, were reported in 1992, with other peaks of approximately 
800 sightings in 1991, 1993, 2001, 2002 and 2006 (Figure 2.6). Sightings were reported in 
every month although the majority, 77%, were between April and September and the fewest 
sightings, 228 (2%), were in December. 
 
There were 1043 sightings of bottlenose dolphins around the coast of Scotland reported to 
the HWDT sightings network between 1989 and 2007, with the majority of sightings around 
the Inner Hebrides (Figure 2.7). Group sizes ranged from 1 to 40 dolphins, with nearly half 
the groups having five or fewer individuals and the majority of groups, 91%, consisting of 15 
or fewer individuals. The average group size was 7, with a median of 6. The peak of 
sightings was in 2001, with 193 sightings reported, but there were also over 100 sightings in 
2002 to 2004 and 2007 (Figure 2.8). Sightings were reported every month but most sightings 
were during the summer, May to August, and the fewest sightings were in December. 



 

 7

#

#

#

#

#

#

#

#

#

#
#

#

#

#

#

#

#

#
#
#

#

# ##

#

#

#
#

#

#

#
# ##

#
#

#

#

#
#

#

#

#

#

#

#

#

#

# #

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

0 50 100 150 200 250 Kilometers

S

N

EW

 
Figure 2.1. Strandings of bottlenose dolphins around Scotland from 1929 to 2008 from the 

Scottish Agricultural College in Inverness and the Natural History Museum. 
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Figure 2.2. Strandings of bottlenose dolphins around Scotland from 1929 to 2008 from the 

Scottish Agricultural College in Inverness and the Natural History Museum. 
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Figure 2.3. North-west Europe bottlenose dolphin distribution from the JNCC Cetacean 
Atlas. The map depicts grid cells (1/4 ICES rectangle) that are shaded, the greater the survey 

effort in the cell the darker the shading. Red dots indicate the relative sighting rate 
(Reproduced from Reid et al., 2003). 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

 9

#

#

#

$

$$
$

$

$

$

$$

$

$

$

$ $$

$

$$

$

$

$

$

$

$

$

$
$ $ $
$ $

$

$$

$

$

$$

$

$

$

$

$

$

$

$

$

$

$
$

$

$

$

$

$

$

0 80 160 240 320 400 Kilometers

S

N

EW

 
 
Figure 2.4. Sightings of bottlenose dolphins recorded during SCANS-II in 2005 (circles) and 

during seismic surveys conducted between 1994 and 2006 (triangles). 
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Figure 2.5. Distribution of sightings of bottlenose dolphins around Scotland from 1966 to 

2007, from the Sea Watch Foundation.  
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Figure 2.6. Number of sightings of bottlenose dolphins around Scotland from 1966 to 2007, 

from the Sea Watch Foundation. 
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Figure 2.7. Distribution of sightings of bottlenose dolphins around Scotland from  

1989 to 2007, from the Hebridean Whale and Dolphin Trust. 
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Figure 2.8. Number of sightings of bottlenose dolphins around Scotland from 1989 to 2007, 

from the Hebridean Whale and Dolphin Trust. 
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2.4 Discussion 
 
Historic and contemporary sightings from naturalists and members of the public can provide 
a useful indication of the broad scale distribution of bottlenose dolphins around the Scottish 
coast. However, inferences from these data are constrained both by uncertainty over the 
reliability of species identification, and spatial and temporal variation in sightings effort. Data 
on strandings are generally less vulnerable to misidentification issues, but are also 
potentially biased due to the lower likelihood of reporting on remote coasts and the 
relevance of location of death/stranding relative to living distribution.  
 
Historical literature sources provide little evidence of the occurrence of bottlenose dolphins in 
Scottish waters. There are no known archaeological sites, and all reports from Victorian 
Naturalists suggest that their occurrence in the late 1800s was sporadic compared with other 
species such as harbour porpoises, killer whales and pilot whales. Nevertheless, it is clear 
from our review of more recent strandings and sightings that bottlenose dolphins may now 
be encountered both in offshore waters and throughout most Scottish inshore waters. Reid 
et al. (2003) provide the most robust effort-corrected dataset for comparing density in 
different areas, although this analysis is restricted to data collected before 1998. These data 
(Figure 2.3) highlight the high densities of sightings along the east coast of Scotland and the 
occurrence of dolphins further offshore along the shelf edge. Sightings on the west coast of 
Scotland were rare in this dataset (Figure 2.3), but search effort both here and along the 
north coast were also relatively low. Additional sightings from the Sea Watch Foundation 
(Figure 2.5) and the HWDT (Figure 2.7), many of them reported since 1997 (Figures 2.6 and 
2.8), provide evidence of widespread occurrence of bottlenose dolphins in the inner 
Hebrides, and more sporadic occurrence along the north-west and north coasts of Scotland.  
 
Variation in the effort underpinning these sightings constrains the extent to which these data 
truly indicate geographical variation in the density of dolphins, resulting in the need to further 
develop the sightings network under Objective 2 of this study (see section 3). Similarly, 
temporal variation in sighting effort makes it difficult to assess how the occurrence of 
dolphins in different areas may have changed over time. Over the last two or three decades, 
sightings have been consistently reported from just two areas: the east coast of Scotland 
(Wilson et al., 2004) and the Sound of Barra (Grellier & Wilson, 2003). Interestingly, these 
represent one of the most human-populated areas and one of the most remote areas of the 
Scottish coast. This provides some support for the assumption that the regular occurrence of 
dolphins in any part of the Scottish coast is unlikely to remain undetected (see Section 3). 
Bottlenose dolphins have also been reported in many other remoter areas of Scotland (see 
Figures 2.5 and 2.7), but the temporal pattern of sightings appeared much more patchy, with 
no evidence of predictable sightings at the same location either within or between years. 
Consequently, the project’s photo-identification studies required the development of a more 
intensive reporting scheme that provided near real-time reports of sightings. The 
development of this scheme is described in Section 3 and the survey work resulting from it is 
described in Section 4. 
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3 DEVELOPMENT OF A DOLPHIN SIGHTING NETWORK  
 
Authors: Ingram, S., Cheney, B., Culloch, R., Elwen, S., Mandleberg, L. & Stevick, P. 
 

3.1 Introduction 
 
Photo-identification studies of abundance and movements are most powerful where sighting 
probabilities and recapture rates are high. On the east coast of Scotland, high human 
population densities and prior knowledge of the dolphins’ tendency to return to predictable 
core areas meant that it was straightforward to design appropriate boat-based photo-
identification surveys when work started there in the late 1980s. In contrast, collecting 
suitable photo-identification data from dolphins using the much larger, complex and remote 
western and northern coasts of Scotland was a more challenging task.  
 
The review of historic data in Section 2 indicated that most inshore sightings of bottlenose 
dolphins were reported from around the inner Hebrides and the Sound of Barra, but that 
animals sometimes occurred further north up the west coast and along the north coast of 
Scotland. However, whilst sightings in Barra Sound appear to have been relatively 
predictable over a period of several years (Grellier & Wilson, 2003), the occurrence of 
bottlenose dolphins in other parts of the Hebrides was much more variable, even in areas 
such as Islay and Mull where sighting effort was relatively high. 
 
At the start of the current project, it was clear that success of our boat-based photo-
identification surveys would require the support of a larger scale network of marine users. 
Our second major objective was therefore to develop, and train, a voluntary reporting 
network that would allow the project to target focussed research surveys around Scotland’s 
remoter coasts and build capacity for future photo-identification research in these areas.  
 
This section reports on the work undertaken to address this second objective, which involved 
collaboration with the Hebridean Whale and Dolphin Trust (HWDT) and the further 
development of their existing cetacean sightings network (www.whaledolphintrust.co.uk).  
 
 

3.2 Methods 
 
The HWDT is a marine awareness and research charity who established a regional 
cetacean sightings reporting network in association with the national scheme organised by 
the Sea Watch Foundation (www.seawatchfoundation.org.uk). This scheme aimed to raise 
public awareness of cetaceans and marine conservation, and to collate opportunistic and 
public sightings of all cetacean species in the Hebrides. This information from the public was 
used to supplement dedicated survey data collected from the HWDT research yacht Silurian.  
 
The HWDT have been collecting bottlenose dolphin sightings from members of the public 
since 1989, first as the Mull Cetacean Project, and from 1994 under its own auspices. 
Cetacean sightings were minimal at first and concentrated on the Mull coast, but in 1997 the 
Operation Sightings scheme was launched, establishing a co-ordinated programme of 
cetacean sightings throughout the Hebrides and the development of a network of observers 
(Jeewoonarain et al., 1999). The network expanded in 2001 with the creation of the 
Hebridean Bottlenose Dolphin Project (HBDP), set up to collect and collate sightings and 
photo-identification data from members of the public and local marine users. Finally, in 2004 
a dedicated field agent was employed to travel around the Hebrides informing locals of the 
project and encouraging them to report sightings. 
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The existing HWDT sightings network database included casual sightings data that were 
collected from a number of different sources. Incidental sightings were encouraged from the 
general public and from a variety of marine operators including fishermen, fish farmers, 
coastguards, ferry personnel, local wildlife ecotourism operators and birdwatchers. 
Contributors were encouraged to use standard forms and record set information relating to 
each sighting including location, date and time, species, group size and direction of travel. 
The recorders were also asked to give a score of the confidence of their species 
identification to allow post hoc sorting according to data quality. Sightings forms were 
entered into a central database annually. However, sightings were reported throughout the 
year (Mandleberg, 2006). 
 
During this study, our aim was to expand the HWDT sightings network, not only to increase 
the number of sightings but also to help direct field effort. A review of historic sightings 
highlighted those areas where sightings were more probable, but also indicated that 
encounters in these areas were unpredictable and often of relatively short duration. Thus, if 
this project’s dedicated boat-based photo-identification surveys were to be conducted in 
response to casual sightings reports, the scheme needed to be adapted to provide real-time 
information. To achieve this, we first worked with the HWDT to encourage rapid reporting of 
sightings by the public via a freephone ‘hotline’. In turn, this project provided additional staff 
time that allowed the HWDT Sightings Officer to feed this information directly to the project 
field team. Dedicated boat-based photo-identification field efforts were then directed by this 
sighting reporting structure (Section 4). All sightings were entered onto the central HWDT 
database. 
 
Secondly, the project was highlighted to all the members of the HWDT mailing list who were 
based around the west coast of Scotland. Researchers from the project contacted the 
existing HWDT sightings network either by e-mail, telephone or in person to inform them of 
this new project and encourage immediate reporting of any bottlenose dolphin sightings. 
Whenever possible, all these individuals were also encouraged to submit any photographs 
that they had taken during these sightings to incorporate into the photo-identification studies. 
A dedicated project website http://www.scottishdolphins.info/ was set up and promoted. This 
was regularly updated to disseminate information and encourage continual public 
involvement. 
 
Thirdly, business cards (Figure 3.1) and leaflets (Figure 3.2) outlining the project were 
printed and distributed both through the HWDT sightings network and by the project field 
team who visited key ports and tourist hotspots around the north and west coasts. The field 
team also proactively contacted and encouraged key individuals and organisations such as 
ecotourism operators, local ferry services, fishermen, harbour masters, and any other people 
that may be on or near the water to report sightings of marine mammals to the HWDT office 
either through the hotline or online.  
 
 

 
 

Figure 3.1. The business card designed to promote the Scottish Bottlenose Dolphin Project 
and encourage sightings to the HWDT freephone hotline. 
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Figure 3.2. The leaflet designed to promote the Scottish Bottlenose Dolphin Project and 
encourage sightings to the HWDT freephone hotline. 
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At the end of HWDT’s 2006 field season (which runs from approximately April to 
September), few reports had been received from the north and north-west coasts. 
Recognising that these areas were outside the HWDT’s normal area of operation, and that 
few regular reporters lived or worked in these areas, extra effort was made prior to the 2007 
field season to develop contacts in these areas. Members of the research team gave a 
series of public talks to promote both this project and parallel studies of killer whales in these 
areas. These talks provided an overview of the project’s aims, background on bottlenose 
dolphin ecology, and clear guidelines on how to identify different species and submit reports 
to the HWDT sightings network.  

 
 

3.3 Results 
 
3.3.1 Sightings network 

The original HWDT voluntary sightings network included 90 contacts, covering areas from 
South Argyll to Wester Ross (Figure 3.3). However, there were no contacts on the north 
coast and in the southern Outer Hebrides. As a result of the recruitment drive by project 
staff, by the end of 2007, the sightings network was increased by nearly 70% to 152 
contacts, with seven new contacts along the north coast. This new network of reporters 
provided good coverage of coastal areas from the Kintyre Peninsula and Firth of Clyde to 
Wick and John O’Groats and the Hebridean Islands (Figure 3.3).  
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Figure 3.3. The locations of sightings reporters that contributed to the HWDT sightings 
network during 2006 (empty triangles) and additional reporters recruited for 2007 (filled 

triangles) and 2008 (filled squares). 



 

 17

 
During 2006 and 2007, 114 contacts were sent leaflets and/or business cards, 112 people 
contacted via email and 35 regular reporters were contacted personally to promote the 
project and ask for additional information. Updates on the success of sightings provided by 
reporters were reported to them routinely, either by telephone or e-mail to encourage their 
continual involvement. The website was regularly updated and reporters were encouraged to 
check this for up-to-date sightings information. 
 
In 2007, members of the project team also toured the most remote areas of the north coasts 
to give public talks promoting the project and reporting network. Along the north section of 
the coast, talks were given in Thurso, Bettyhill, Dunnet and Lochinver. Given their location, 
all these talks were relatively well attended with 30, 12, 14 and 20 people respectively (Table 
3.1). In other areas where numbers of residents were low, and talks were predicted to have 
a very low attendance, project members met with key individuals and organisations (Table 
3.2). These formal and informal talks provided worthwhile new contacts. Also, feedback from 
people attending these talks indicated that bottlenose dolphins are not at all common along 
the north coast and sightings over the last four years have been sparse, despite regular 
sightings of other species, such as harbour porpoise, minke whales and white-beaked 
dolphins. As the team moved further south along the west coast, they found that bottlenose 
dolphin sightings became more regular, particularly around Gairloch and areas closer to 
Skye. Furthermore, some organisations and people that were contacted at that point were 
also able to provide photographs of bottlenose dolphins that could be matched with the 
project catalogue.  
 

Table 3.1. Public talks undertaken to promote the HWDT sightings network in 2007. 
 

Location Venue Date Attendance 
Thurso Environmental Research Institute 29/04/2007 > 30 
Bettyhill Farr School 01/05/2007 12 
Dunnet Rangers Centre 02/05/2007 14 

Lochinver Village Hall 03/05/2007 20 
 
Due to the success of this approach we subsequently developed a similar network to support 
our winter field effort on the east coast, south of the Moray Firth, during January-April 2008. 
The aim was to recruit regular reliable reporters to report sightings immediately and directly 
to the field team for immediate response. A total of 16 reporters were recruited and assisted 
in directing the field team during the field season. Here, the network built upon strong local 
Sea Watch groups and the presence of other research groups (Figure 3.3). 

 
3.3.2 Sightings data 
 
During our study, dedicated boat-based field efforts were directed by the sighting reporting 
structure, particularly through the use of the new telephone ‘hotline’. This proved invaluable, 
especially in 2007 where the majority of surveys were made in response to a confirmed 
sighting from members of the public. This approach followed the low encounter rate 
achieved when most survey routes focussed in those areas in which dolphins had been 
sighted most regularly in previous years. The advantage of targeting surveys in response to 
near real-time sightings of dolphins is illustrated by the increase in encounters, from five 
encounters in 2006 to 16 in 2007 (see Section 4).  
 
Previous promotion of the HWDT sightings network resulted in a peak number of sightings in 
2001 of 193, but this fell to 91 in 2005 (Figure 3.4). After promotion and publicity in 2006 the 
network resulted in 99 sightings reports. However, with more effort during 2007, reports 
increased by nearly 80% to 177 (Figure 3.4).  
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Table 3.2. Additional leaflet drops, informal talks and contacts to promote the sightings 
network in 2007. 

 
Location Date Leaflet 

Drop 
Informal 

Talk 
Contact 

Helmsdale Harbour Master 01/05/2007 √ √ √ 
Bettyhill Rangers Centre 01/05/2007 √ √ √ 
Scrabster Harbour Master 02/05/2007 √ √ √ 
Wick Harbour Café 02/05/2007 √   
RNLI Wick 02/05/2007 √ √  
John O’Groats Post Office 02/05/2007 √   
John O’Groats Ferry 02/05/2007 √ √ √ 
John O’Groats Ecotour 02/05/2007 √ √  
John O’Groats Tourist Info 02/05/2007 √   
Dunnet Rangers Centre 02/05/2007 √ √ √ 
BDMLR Dunnet area 02/05/2007 √ √ √ 
Tongue Coffee Shop 03/05/2007 √ √  
Durness Youth Hostel 03/05/2007 √   
Durness Ferry 03/05/2007 √ √ √ 
Durness Rangers Centre 03/05/2007 √ √ √ 
Kinlochbervie Harbour Master 03/05/2007 √ √  
Kinlochbervie Fisherman’s Mission 03/05/2007 √ √  
Handa Island Staff 03/05/2007 √ √ √ 
Scourie Caravan Park 03/05/2007 √ √  
Dunbeag Village Shop 03/05/2007 √   
Lochinver Rangers Centre 03/05/2007 √ √ √ 
Barra Ferry Terminal 22/05/2007 √   
Barra Harbour 22/05/2007 √   
Barra Tourist Information 22/05/2007 √ √  
Barra Clearwater Paddlers 22/05/2007 √ √  
Barra CalMac Ferry 23/05/2007 √ √  
Eriskay Fishermen 23/05/2007 √ √  
South Uist Fishermen 23/05/2007 √ √  
Loch Boisdale Tourist Information 23/05/2007 √ √  
Loch Boisdale Marine Harvest 23/05/2007 √ √ √ 
Altandhu Smokehouse 29/05/2007 √ √  
Polbain Stores 29/05/2007 √ √ √ 
Achiltibue MOP 29/05/2007 √ √ √ 
Ullapool Skipper 29/05/2007 √ √ √ 
Ullapool Ferry Office 29/05/2007 √ √  
Laide Camp Site 29/05/2007 √ √ √ 
Poolewe Camp Site 29/05/2007 √ √  
Gairloch Boat Club 29/05/2007 √   
Gairloch Marine Wildlife Centre 29/05/2007 √   
Gairloch Ecotour 29/05/2007 √ √ √ 
Loch Linnhe Marine Harvest 04/07/2007 √ √ √ 
Skipness Fishermen 05/08/2007 √ √  
SNH, Islay 01/08/2007 √  √ 
Skye Ferry Service, Kyle 14/08/2007 √  √ 
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Figure 3.4. Number of public bottlenose dolphin sightings from the HWDT sightings network 

per area. 
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Figure 3.5. Locations of public bottlenose dolphin sightings from the HWDT sightings 

network from 1989 to 2005. 
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Sightings that were reported to the network between 1989 and 2005 were distributed 
throughout the west coast with only two sightings reported from the north coast, both in 
2004. In most early years the sightings reported in the Mull area were generally higher, apart 
from in 2001 where 64% of the sightings were from Islay (Figures 3.4 and 3.5). From 2004 
onwards the majority of sightings were in other areas with fewer sightings in Islay than in the 
previous three years. 
 
During 2006 and 2007, sightings were again distributed throughout the west coast and 
concentrated around HWDT’s core region of Mull and Argyll (Figure 3.6 and 3.7).  However, 
in 2007, with additional reporters recruited, there were sightings further north and south of 
this region.  This included one ad hoc sighting provided during the north coast talks in May 
2007, when the British Divers Marine Life Rescue (BDMLR) in the Dunnet area reported a 
sighting in Thurso Bay of 3 bottlenose dolphins in April 2007 (Figure 3.7).  The southernmost 
sighting, in Ayrshire, was also recorded in 2007.  
  
 
3.3.4 Public photo-identification  
 
Photographs were provided to the HWDT by members of the public and wildlife tour 
operators between 2001 and 2005. During this period, a total of 12 public sightings produced 
photographs in which individual dolphins could be recognised. These resulted in 29 
identifications of 11 individuals. Therefore, in 2006 and 2007, in addition to the dedicated 
boat-based photo-identification effort, members of the sightings network, the public and 
other organisations were encouraged to send their photographs to the HWDT. 
 
In 2006 and 2007, 33 incidental sightings provided identifiable photographs (Table 3.3). 
These public photographs resulted in 123 identifications. The majority, over two thirds, of 
these identifications resulted from photographs taken during the 2007 season. In total, 33 
individual dolphins were identified from these public identifications, 21 during 2006 and 29 in 
2007. With the exception of one calf photographed in June 2006, all of the animals identified 
from public photographs were also recorded during the dedicated photo-identification 
surveys (Table 3.3). Other pictures were provided by the public but could only confirm 
species as individual identifications were not possible. These were added to the sightings 
database.  
 
From 2001 to 2007, the public photographs allowed us to identify 38 dolphins regularly seen 
on the west coast. This is 83% of the animals identified over the same time period in 
dedicated photo-identification surveys. However, the majority of public photographs were of 
a poorer quality (see section 4 for information on photographic grading). If only the top 
quality pictures are included then a total of 21 individuals were identified. Of the 11 
individuals identified in public photographs between 2001 and 2005, six were subsequently 
seen in 2006 and/or 2007 (Table 3.4). The number of photographs submitted by the public 
increased dramatically in 2006 and 2007 with a corresponding increase in the number of 
individual dolphins identified (Table 3.3). The public photographs also covered a wide 
geographical area from Gairloch to Islay, although most were concentrated around Mull 
(Figure 3.8).  
 
 

Table 3.3. Summary of public photographs from the HWDT sightings network. 
 

 2001 2002 2003 2004 2005 2006 2007
Public sightings with identifiable photos 5 2 0 4 1 13 20 
Dolphins identified 2 6 0 9 2 21 29 
Dolphins identified in Q3 photos 0 0 0 1 0 6 19 
Dolphins only identified from public photos 2 6 0 0 0 1 0 
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Figure 3.6. Locations of sightings of bottlenose dolphin schools reported to the HWDT 

sightings network during 2006. 
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Figure 3.7. Locations of sightings of bottlenose dolphin schools reported to the HWDT 

sightings network during 2007. 



 

 22

Table 3.4. Sightings histories of individually recognisable dolphins recorded by the public 
along the west coast of Scotland, showing which years different individuals were recorded. 

 
 

ID # 2001 2002 2003 2004 2005 2006 2007 
5001     
5002         
5003       
5004         
5005         
5006         
5007         
5008       
5009         
5010       
5012         
5013         
5014         
5016         
5017         
5018       
5019         
5020         
5021         
5022         
5023         
5024       
5025         
5026         
5027       
5028       
5029       
5030         
5031         
5032         
5033       
5034         
5035       
5036       
5038         
5039         
5040         
5043       
5044       
5045       
5046       
5047       
5048       
5049       
5050       
5051       
5052       
5053       
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Figure 3.8. The locations of public photographs of bottlenose dolphin schools from 2001 to 

2007 (black circles), additional 2008 photographs (white circles) and east coast (black 
squares). 

 
At the end of 2008, photographs of bottlenose dolphins seen on the north coast were 
provided by a member of the public that had attended the Bettyhill talk in May 2007. These 
confirmed that two individuals, previously seen on the west coast, were seen in Talmine Bay, 
by the Kyle of Tongue, in August 2008. Coincidentally, on the same day, photographs were 
taken by another member of the public of approximately 30 animals seen around the Isle of 
Skye. These photographs were forwarded by the Whale and Dolphin Conservation Society 
(WDCS) and enabled the confirmation of 12 individuals previously seen in that area. Finally, 
a Sea Watch sighting of approximately 30 animals near Lochinver at the end of August 2008 
resulted in the identification of four known individuals. 
 
 3.3.5 East coast public photo-identification 
 
Through existing contacts with WDCS, two unusual sightings were also reported by 
members of the public on the east coast of Scotland in 2007 and 2008. In 2007 a group of 
20-25 bottlenose dolphins were reported off Whitley Bay and travelled south into the Tyne 
river mouth. Photographs were taken at Tynemouth Pier, forwarded to Aberdeen University 
Lighthouse Field Station (AULFS) and six individuals were identified as belonging to the east 
coast bottlenose dolphin population. This is the most southerly confirmed sighting of 
individuals from this population. In addition, in 2008, pictures were received of bottlenose 
dolphins sighted in Milsey Bay, North Berwick. Only one individual was identified on this 
occasion, but again it was of a dolphin well known in the east coast population (Figure 3.8). 
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3.4 Discussion 
 
As a basis for research on the distribution and abundance of bottlenose dolphins around 
Scotland, a broad spatial coverage of all areas was needed. On the remoter north and west 
coasts, this could best be provided by a voluntary sightings network. While public sightings 
data are liable to spatial and temporal variation in sightings effort and uncertainty over the 
reliability of species identification, they nevertheless provide useful information on dolphin 
distribution in otherwise data-poor areas. Long-term studies have shown site fidelity around 
the north-east coast of Scotland but, in these remoter coasts, bottlenose dolphins appear to 
range over a larger area and have a less predictable and more ephemeral distribution. 
Dedicated photo-identification surveys in 2006 confirmed that the chance of encountering 
animals around these coasts were small without the aid of the public sightings. 
 
Raising public awareness and support was key to the success of the sightings network. 
During 2006 and 2007, sightings reporters were contacted periodically by the HWDT 
Sightings Officer and the field team to enquire whether sightings had been made but not 
reported, and to encourage increased vigilance during the summer months. Particular effort 
was put into making enquiries in areas with few or no sightings. New contacts were made 
wherever suitable and, in the spring of 2007, public talks were given around the north coast 
to increase the profile and public awareness of the project. This resulted in an increase of 
70% in the number of contacts in the HWDT sightings network and coastal coverage ranging 
from Wick and John O’Groats to the Kintyre Peninsula and Firth of Clyde. This personal 
contact was also essential in gathering vital information on previous bottlenose dolphin 
sightings (or lack of) in the area. The success of this proactive approach to developing a 
sightings network, through public talks and personal contact, is reflected in the addition of 
photographs and sightings of animals from the north coast. 
 
The telephone hotline also provided an invaluable aid to the project, sightings reports were 
passed to the HWDT office more rapidly and up-to-date sightings information was phoned 
through to the project field team by the HWDT staff. More bottlenose dolphins were reported 
by the public and encountered during directed boat surveys during 2007 than 2006. 
However, it is unlikely that this increase in sightings represents an increase in abundance or 
an increase in use of the area by bottlenose dolphins since almost the same numbers of 
dolphins were photo-identified during each year and all but one of the new individuals seen 
by the public in 2007 were previously identified in dedicated photo-identification surveys 
(Section 4). It is more likely that the profile of the project and the communication and 
response to sightings were more effective in the second year of this study. Initially we had 
little idea how many dolphins used the waters around the west coast and effort was made to 
survey areas in the absence of sightings reports. In 2007 it became apparent that a relatively 
low number of individual dolphins were ranging widely over a large coastal area. As a result, 
survey effort was targeted on those areas and occasions where there were recent sightings 
of dolphins. This approach was only possible as a result of the timely reporting of sightings 
through the HWDT, and the efficient collaboration between research scientists, the public 
and NGOs. 
 
During 2006, public sightings were distributed throughout the west coast but concentrated 
around Mull and Argyll. Reports from the far north-west were rare and there were no reports 
from the north coast during 2006. However, it was unclear whether this reflected a genuine 
scarcity of bottlenose dolphins or was a result of the HWDT’s previous focus on the Hebrides 
and Argyll region. Additional reporters were recruited in the north-west and north coasts in 
2007 to address this issue. However, the general distribution of reports was similar in both 
years indicating that the paucity of sightings from the far north-west and north coasts 
represented a genuine low level of use of these coastal areas. Also, anecdotal evidence 
provided during these talks suggested the lack of bottlenose dolphins on the north coast is 
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genuine. A number of contacts from Scrabster, Wick and John O’Groats reported other 
cetacean sightings, especially minke whales, killer whales and porpoises, in this area but 
only one report of bottlenose dolphins around Thurso in 2007. Most contacts suggested that 
they had not been seen in the area for a number of years. All the sightings from the network 
were integrated into the HWDT database which was shared with the project team and used 
to examine the distribution of dolphins around the west and north coasts of Scotland (see 
Section 4).  
 
With little or no dedicated research in the past, the public sightings and photographs have 
enabled us to see the change in ranging patterns of the dolphins over time. For example, 
sightings were frequently reported around Islay between 2001 and 2003 (Mandleberg, 2006) 
but no sightings in this area were reported during 2006 and only a few in 2007. Small scale 
range shifts such as this are not unlikely with such a widely ranging group of animals and 
may be due to changes in prey distribution between years for example. Five well-marked 
dolphins, which were identified in previous years from public photographs, were not 
identified during 2006 or 2007. Due to the high number of resightings, the small size of the 
population using the area and the fact that no other individuals were identified in our 
dedicated photo-identification surveys (Section 4), it is unlikely that these dolphins were 
missed. Whilst it is possible that these animals may have died, it is more likely that at least 
some of them moved out of the area, at least for the duration of this study. In addition to 
range shifts, it is likely that that there has been some degree of emigration and immigration 
into the Hebridean region since the earliest identifications of animals were made. 
Nevertheless, there were repeat sightings of six animals between 2001 and 2007 suggesting 
some site fidelity to the region. During 2006 and 2007, only one additional animal was 
observed in the public photographs, increasing our understanding of bottlenose dolphin 
distribution and reinforcing the conclusion that no groups of animals were missed during the 
dedicated photo-identification surveys. Photographs from the public have even provided 
additional information on the distribution of the relatively well known population of bottlenose 
dolphins on the east coast of Scotland. 
 
In areas where little is known about the ecology of the animals being researched and where 
the area is extensive or the study animals are unpredictable, public involvement can be 
essential in directing research to suitable areas and times and providing valuable additional 
information. However, engaging and encouraging continual involvement of individuals is 
resource intensive, as is organising and effectively utilising the data provided. 
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4 USING PHOTO-IDENTIFICATION TO DETERMINE THE 
DISTRIBUTION AND ABUNDANCE OF BOTTLENOSE 
DOLPHINS IN SCOTTISH COASTAL WATERS  
 
Authors: Ingram, S., Barton, T.R., Cheney, B., Culloch, R., Elwen, S., Hammond, P.S., 
Mandleberg, L., Stevick, P., Thompson, P.M. & Wilson, B. 

 
 

4.1 Introduction 
 
Bottlenose dolphins can be identified from their naturally occurring marks, and individual-
based photo-identification studies have underpinned ecological studies of this species in 
coastal regions across the world. In turn, the information on distribution, movements and 
abundance resulting from these studies has supported regional and local conservation and 
environmental education programmes.  
 
In Europe, recent efforts have generally focussed on understanding the ecology of this 
species in and around those areas designated as Special Areas of Conservation (SAC) 
under the Habitats Directive (92/43/EEC) (Ingram & Rogan, 2002; Wilson et al., 2004). In 
Scotland, a single SAC in the inner Moray Firth on the north-east coast has been established 
to protect this species, but it is clear that many of the individuals using this area range well 
beyond the SAC boundary (Wilson et al., 2004; Stockin et al., 2006; Culloch & Robinson, 
2008). Furthermore, bottlenose dolphins are sighted regularly in coastal waters off the west 
coast of Scotland, and in offshore areas (Section 2). However, the abundance of dolphins in 
these other areas, and their relationship with the population that uses the Moray Firth SAC, 
remains uncertain.  
 
The third objective of this study was to determine the distribution and abundance of 
bottlenose dolphins throughout the coastal waters off Scotland. This section describes the 
work carried out to address this objective, involving the continuation of ongoing photo-
identification studies within the Moray Firth SAC, and the development of dedicated boat-
based photo-identification surveys on other Scottish coasts to assess the abundance, 
ranging patterns and distribution of bottlenose dolphins during the summers of 2006 and 
2007.  
 

4.2 Methods 
 
4.2.1 Study sites 
 
Scotland, bounded on the east by the North Sea and on the west by the Atlantic Ocean, has 
a long and convoluted coastline and over 750 islands, including the Hebrides to the west 
and Orkney and Shetland to the north. There have been historic sightings of bottlenose 
dolphins throughout this complex coastline (see Section 2). However, the majority of regular 
sightings have been within the Moray Firth, a large triangular embayment of the North Sea 
off the north-east coast covering approximately 5230 km2, and the west coast, specifically 
around the Inner and Outer Hebrides, an archipelago of over 50 islands (Figure 4.1).  
 
4.2.2 Survey protocols 
 
All surveys were carried out on one of two near identical Maritime and Coastguard Agency 
(MCA) certified 5.8 m Rigid Inflatable Boats (RIB) with twin 40 hp outboard engines (Figure 
4.2). Survey effort was spread through the period May to September in 2006 and 2007, but 
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restricted to days with low sea state (≤ Beaufort 3) to maximise sighting probability, and 
good light conditions to maximise photographic quality. While searching for dolphins, boat 
speeds were typically 25-30 km h-1. On the east coast, the RIB was launched from Cromarty 
and survey routes were chosen to maximise sighting probability whilst also providing 
reasonably wide coverage of the dolphins’ known core-area (Thompson et al., 2006). In 
other areas, survey effort was directed by historic sightings and, especially in 2007, by 
reports to the HWDT sightings network (see Section 3). The field team, comprising 
researchers from SAMS and AULFS, were able to mobilise at short notice and tow and 
deploy the RIB close to the location of current or recent sightings reports. Surveys were 
made with a minimum crew of two, including an appropriately qualified skipper and at least 
one of the personnel named on the Animal Scientific Licence granted to the University of 
Aberdeen by SNH. 
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Figure 4.1. Map of Scotland showing the key locations mentioned in the text. 
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.  
Figure 4.2. One of the RIBs used for photo-identification surveys. 

 
 

The aim of all surveys was to photographically identify individual bottlenose dolphins and to 
match these animals with existing photo-identification catalogues. Throughout each survey, 
the survey route was recorded automatically from the boat’s GPS, and later downloaded to a 
GIS. Whenever a group of dolphins was encountered, the position and time was noted, a 
waypoint entered on the GPS log, and an estimate made of the size of the group (Wilson et 
al., 1997; Lusseau et al., 2006). A group of dolphins was defined as an aggregation of 
individuals within 100 m of each other, engaged in similar activities and, if moving, heading 
in the same direction (Wells et al.,1987). The boat was carefully manoeuvred at slow speed 
around the dolphins to allow dorsal fin photographs to be taken with a Canon 20D or 30D 
and a 200 mm or 70-200 mm lens. In doing so, every effort was made to minimise 
disturbance to the group and to obtain pictures that were of sufficient quality for subsequent 
mark-recapture analyses. In particular, it was important to ensure that: dorsal fins were 
parallel to the camera; the whole fin was in the picture; the height of the fin image was >10% 
of the field of view; and that each picture was taken such that there was an equal probability 
of photographing different members of the group. The encounter was ended either when all 
dolphins had been photographed or when the survey vessel lost contact with the group. At 
this point, the end time and location were noted and another GPS waypoint taken.  
 
4.2.3 Photographic analysis 
 
Following the survey, the survey and each encounter within it were allocated unique “Trip” 
and “Encounter” numbers. Photographs were downloaded to a PC and the pictures from 
each encounter were stored in individual folders. All pictures were then backed up to CD 
before renaming the original image files with a name that included the trip number (e.g. the 
first photograph on trip 951 in 2007 was named AU07-951-001). 
 
All the pictures taken on each encounter were then graded for photographic quality 
according to the criteria adapted from Wilson et al. (1999) (Figure 4.3). The unique 
combination of nicks, tooth rake scars and pigmentation patterns on each dolphin were used 
to identify individuals (Würsig & Würsig, 1977). Each of these dorsal fin pictures was initially 
matched against the existing catalogues of known individuals by a single experienced 
researcher. A catalogue of individuals seen on the east coast of Scotland, from the Moray 
Firth to Tyneside, has been maintained for nearly 20 years by AULFS and SMRU. Between 
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2001 and 2005 the HWDT also maintained a bottlenose dolphin photo-identification 
catalogue using images taken during 27 encounters throughout the Inner Hebridean coastal 
region (Mandleberg, 2006). The best pictures of the 22 individuals recorded in this catalogue 
were reviewed. Only individuals seen in the highest quality pictures (Grade 3.1, 3.2 or 3.3), 
or individuals that had either nicks in their dorsal fin or had numerous clear rakes were kept 
for matching to more recent pictures obtained during the present study. This resulted in a 
catalogue of 17 individually marked bottlenose dolphins. Using the same procedure, five 
individuals were identified in photos taken during three surveys conducted in the Sound of 
Barra by Grellier & Wilson (2003) in 1995 and 1998. These were added to the HWDT 
catalogue. The catalogues were compared and no matches were found in these archive 
images from the three different areas. At the end of the season, each match was confirmed 
by a second experienced team member. 
 
Confirmed sightings of different well-marked dolphins were recorded in separate Access 
databases, one for the east coast and one for the west coast. Each sighting was linked with 
information on which side of the dolphin had been photographed, and the details of the trip 
and encounter (e.g. locations, group size etc.) Sightings histories for the 17 well-marked 
individuals from the HWDT catalogue (including photographs provided by members of the 
public) and the five individuals from the Sound of Barra were added to the west coast 
database, after ensuring all the pictures were graded to the same standard. 
 
4.2.4 Mark-recapture analysis 
 
Mark-recapture analyses were restricted to the subset of high quality (Grade 3.1, 3.2 & 3.3) 
pictures to avoid biasing mark-recapture estimates of abundance (see Wilson et al., 1999). 
Analyses were also restricted to the sub-set of animals bearing distinctive long-term marks, 
i.e. those with nicks in their dorsal fin. Using information in the Access databases, a capture 
matrix was constructed containing either a 1 or 0, to represent whether or not a high quality 
photograph, taken from either the left or right-hand side, had been obtained for each 
individual on each trip. In addition, we used all grade 3 pictures to estimate , the proportion 
of animals in the population that were distinctively marked (i.e. nicked). For each trip, we 
recorded the number of photographed individuals that had distinctive marks, and the number 
of individuals lacking distinctive marks, and recorded this information in a separate database 
table. Separate estimates of  were made using data from 2006 and 2007. 
 
These capture matrices were then used to estimate the number of distinctively marked 
individuals using each study area during the summer survey period. Following Wilson et al. 
(1999), we used Chao et al.’s (1992) Mth model, implemented in the program CAPTURE 
(Rexstad & Burnham, 1991). We inflated the mean estimates and their confidence intervals 
using our estimate of , thereby producing estimates of the total number of dolphins using 
the study area during each summer.  
 
4.2.5 Social structure 
 
The social structure of the bottlenose dolphins on the east coast has previously been 
described by Wilson (1995) and Lusseau et al. (2006). Data from 1990-2002 were used by 
Lusseau et al. (2006) to assign individuals into one of two communities. For the animals 
identified on the west coast, social structuring was explored with SocProg (Whitehead, 2008) 
using school membership as the unit of association (Whitehead, 1999; Whitehead & Dufault, 
1999).  
 
 

 



 

 30

 

Figure 4.3. The criteria used to quality grade the photographs taken during photo-
identification surveys. 



 

 31

4.3 Results 
 
4.3.1 Survey effort 
A total of 67 surveys were carried out in 2006, and 54 in 2007. In the Moray Firth, surveys 
were undertaken between May and September in 2006 and 2007. On the west coast, 
surveys were conducted between July and October of 2006, and May and September of 
2007 (Figures 4.4 and 4.6). On the west coast, survey effort was similar between years with 
28 and 26 survey days in 2006 and 2007 respectively, whereas in the Moray Firth there were 
more surveys in 2006 (39) than 2007 (28). Total survey effort was slightly greater in 2006, 
with 337 hours compared to 292 hours in 2007. There was more survey effort on the west 
coast in 2006 and 2007, with 184 hours and 178 hours respectively, than in the Moray Firth 
(153 hours and 114 hours in 2006 and 2007 respectively). Despite this, there were more 
encounters with bottlenose dolphins in the Moray Firth than on the west coast (161 
compared to 21), and the percentage of surveys with dolphin encounters was substantially 
higher in the Moray Firth (Table 4.1). This is also reflected in the percentage of survey time 
spent with dolphins: 28% in the Moray Firth and 8% on the west coast. In both years, most 
dolphin encounters were in the inner Moray Firth, in part due to the focus of surveys in this 
area. On the west coast in 2006 and 2007, bottlenose dolphins were encountered on all 
surveys (3 each year) of the Sound of Barra with the remaining encounters distributed 
around the Isle of Skye, Mull and Kintyre (Figures 4.5 and 4.7). 
 
Dedicated photo-identification effort during encounters in 2006 and 2007 resulted in the 
identification of 122 individual bottlenose dolphins in 2006 and 125 in 2007. Over the two 
years, 148 animals were individually identified (Table 4.2). No matches were found between 
bottlenose dolphins on the east and west coasts of Scotland during this time period. 
 
 

Table 4.1. Summary of photo-identification survey effort during 2006 and 2007. 
 

 Moray Firth West coast 
 2006 2007 2006 2007 
Number of dedicated photo-identification surveys 39 28 28 26 
Number of hours on survey 153 114 184 178 
% of surveys with dolphin encounters 82% 96% 18% 38% 
Number of dolphin encounters 87 74 5 16 

 
 

Table 4.2. Summary of photo-identification results during 2006 and 2007. 
 

 2006 2007 TOTAL
Number of individual dolphins identified in the inner Moray Firth 85 86 106 
Number of well-marked dolphins 
 

44 47 52 

Number of individual dolphins identified on the west coast 37 39 42 
Number of well-marked dolphins 
 

19 22 22 

Number of individual dolphins identified in the Sound of Barra 14 14 15 
Number of well-marked dolphins 8 8 8 
    
Number of individual dolphins identified in the Inner Hebrides 22 25 26 
Number of well-marked dolphins 11 14 14 
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Figure 4.4. The tracks from dedicated photo-identification surveys conducted during 2006. 

##
#

#

#

###
##

##

######
#
#
####
####

##
##

####
#

#

## #

###
#
##########
##
################
##################

0 50 100 150 200 250 Kilometers

S

N

EW

 
Figure 4.5. The locations of bottlenose dolphin groups encountered during 2006. 
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Figure 4.6. The tracks from dedicated photo-identification surveys conducted during 2007 
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Figure 4.7. The locations of bottlenose dolphin groups encountered during 2007. 
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4.3.2 East coast photo-identification studies 
 
On the east coast, photo-identification surveys resulted in a total of 1030 identifications, with 
just over half of these in 2007. Approximately half the individuals identified in both years 
were well-marked. Eighty-one of the individuals seen on the east coast in 2006 and 2007 
were matched to the catalogue for this area (Table 4.3). In 2006, 15 new individuals were 
identified, and an additional 10 in 2007 (Figure 4.8). The rate at which new recognisable 
individuals were added to the east coast catalogue in 2006 and 2007 suggests that the 
majority of individuals using the survey area during these seasons were detected (Figure 
4.9). Mark-recapture analyses of sightings from 2006 and 2007 provided further support for 
this. The estimate of the total abundance of dolphins in the inner Moray Firth was 86 (95% 
CI = 86-98) in 2006 and 86 (95% CI = 80-107) in 2007.  

 

0

2

4

6

8

10

12

14

16

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

Year

T
h

e 
n

u
m

b
er

 o
f 

d
o

lp
h

in
s 

fi
rs

t 
id

en
ti

fi
ed

 e
ac

h
 y

ea
r

 
Figure 4.8. The year in which animals sighted during east coast surveys conducted in 2006 

and 2007 were first identified. 
 
4.3.3 West coast photo-identification studies 
 
On the west coast, photo-identification resulted in a total of 203 identifications, over two 
thirds of which were made during the 2007 season. However the number of individuals 
catalogued during 2006 and 2007 was very similar. A maximum of 37 individuals were 
identified in 2006, although one well-marked animal was included despite the fact that it was 
only seen in a poor quality picture. In 2007, 39 animals were identified, although again two 
individuals were included with only poor quality pictures as one was a calf and the other was 
well-marked. In 2006, there were 19 well-marked animals seen on the west coast. This 
increased to 22 in 2007 with two additional nicked animals identified and one known 
individual gaining a nick during 2007 (Table 4.2). In addition, 21 and 29 individuals were 
identified from photos that had been taken by the public and submitted to HWDT during 
2006 and 2007 respectively (see Section 3). With the exception of one newborn calf, all of 
the animals identified from public photos were also recorded during the dedicated photo-
identification surveys. This calf was thought to have died very soon after birth as the 
suspected mother was subsequently seen in the absence of a calf.  
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Table 4.3. Sightings histories of individually recognisable dolphins recorded in the Moray 
Firth in 2006 and 2007, showing which years these individuals have been recorded and their 

community assignment. 
IDNO 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

COMMUNITY 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
42 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
49 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
52 1 1 1 1 1 1 1 1 1 1
64 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

102 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
129 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
157 1 1 1 1 1 1 1 1 1 1 1 1 1 1
210 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
234 1 1 1 1 1 1 1 1 1 1 1 1 1 1
307 1 1 1 1 1 1 1 1 1 1 1 1 1
430 1 1 1 1 1 1 1 1 1
435 1 1 1 1 1 1 1 1 1 1 1 1 1
589 1 1 1 1 1 1 1 1
745 1 1 1 1 1 1 1 1
760 1 1 1 1 1 1 1 1 1
773 1 1 1 1
800 1 1 1 1 1 1 1
805 1 1 1 1
809 1 1 1 1
816 1 1
817 1 1 1 1 1 1
818 1 1 1 1 1 1 1
820 1 1 1 1 1 1 1
832 1 1 1 1 1
849 1 1 1 1 1 1
856 1 1 1 1 1 1 1
885 1 1 1 1 1
901 1 1 1 1
904 1 1 1 1 1 1
908 1 1 1 1 1
909 1 1 1 1 1
913 1 1 1 1
914 1 1 1 1 1 1
923 1 1 1 1 1 1
932 1 1 1 1
967 1 1 1 1
969 1 1 1 1 1

COMMUNITY 2
22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

105 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
120 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
192 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
357 1 1 1 1 1 1 1 1 1 1 1 1 1
433 1 1 1 1 1 1 1 1 1 1 1 1 1 1
440 1 1 1 1 1 1 1 1 1
573 1 1 1 1 1 1 1 1 1 1 1 1
578 1 1 1 1 1 1 1 1 1 1 1 1
580 1 1 1 1 1 1 1 1 1 1 1
672 1 1 1 1 1 1 1 1 1 1 1
706 1 1 1 1 1 1 1 1 1 1
732 1 1 1 1 1 1 1 1 1 1
733 1 1 1 1 1 1 1 1 1 1
744 1 1 1 1 1 1 1 1
748 1 1 1 1 1 1 1 1 1
815 1 1 1 1 1 1 1
866 1 1 1 1 1 1 1
872 1 1 1 1
907 1 1 1 1 1 1
965 1 1 1 1

NOT ASSIGNED
886 1 1 1
963 1 1 1 1 1
970 1 1 1 1 1
972 1 1 1 1
973 1 1 1 1
978 1 1 1
980 1 1 1 1
981 1 1 1
989 1 1 1 1
990 1 1 1 1
991 1 1 1 1
992 1 1 1
993 1 1 1 1
994 1
996 1 1
997 1 1
998 1 1
999 1 1
1000 1 1
1001 1
1002 1 1
1004 1
1005 1
1006 1 1 1
1007 1 1
1008 1
1009 1 1
1010 1 1
1011 1
1012 1
1013 1
1014 1
1015 1
1016 1
1017 1
1018 1
1019 1
1020 1
1021 1
1022 1
1023 1

1030 1  
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Figure 4.9. The rate that individual dolphins (excluding calves) were identified during 

dedicated photo-identification survey work conducted on the east coast during summer 2006 
and 2007. 

 
 
 
Overall, a minimum of 40 and maximum of 42 dolphins were identified during 2006 and 
2007. Of these, 16 were matched with the HWDT catalogue of animals that was produced 
from photo-identification effort in previous years (Figure 4.10), indicating a degree of long-
term site fidelity in the area. The years in which these individuals were previously seen are 
presented in Table 4.4. Of the 22 well-marked dolphins in the HWDT catalogue identified 
prior to 2006, six were not recorded during 2006 or 2007. These missing dolphins all had 
clear dorsal edge nicks and were considered sufficiently well marked to enable re-
identification during 2006 and 2007. All six of these dolphins had previously been identified 
in the same groups as individuals that were seen during 2006 and 2007, so did not represent 
a discrete group of animals that had travelled exclusively together. 
 
The rate at which new recognisable individuals were added to the west coast catalogue 
through the 2006 and 2007 seasons suggests that most individuals using the survey area 
over this period were detected (Figure 4.11). Mark-recapture analyses of sightings from 
2007 provided further support for this. The estimate of the abundance of well-marked 
individuals was 24, resulting in a total abundance estimate of 41 (95% CI = 35-49).  
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Figure 4.10. The year in which animals sighted during west coast surveys conducted in 

2006 and 2007 were first identified. 
 
 
 
 
 

0

5

10

15

20

25

30

35

40

0 50 100 150 200 250 300 350

Number of Identifications

N
u

m
b

er
 o

f 
id

en
ti

fi
ed

 d
o

lp
h

in
s

 
Figure 4.11. The rate that individual dolphins (excluding calves) were identified using all 

photo-identification work conducted on the west coast during 2006 and 2007. 
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4.3.4 Numbers of calves encountered 
 
In total, 11 ‘young-of-year’ calves were identified in 2006 and 10 in 2007. On the east coast, 
five ‘young-of-year’ calves were identified in 2006, although an additional two small calves 
were seen in 2007, and it is estimated that these individuals were also born in 2006. During 
the summer of 2007, seven ‘young-of-year’ calves were identified and associated with 
known adults, but another two calves were born between October and December.  
 
On the west coast four ‘young-of-year’ calves were identified during 2006, one in the Sound 
of Barra and the others around the Isle of Mull. Only two of these ‘2006 young-of-year’ 
calves were subsequently seen in 2007, in both cases around the Isle of Mull. In 2007, the 
only young-of-year identified was a calf seen with a single female bottlenose dolphin that 
was associating with a school of Risso’s dolphins. Both the calf and the mother were 
observed on only one occasion in the whole study.  
 
4.3.5 Community structure and ranging patterns 
 
Previous work (Lusseau et al., 2006) has highlighted that the dolphins on the east coast of 
Scotland associate within two communities that have overlapping but different ranging 
patterns. In the summers of 2006 and 2007, 38% of individuals seen within the Moray Firth 
SAC were animals from community 1, which are also regularly seen outside the inner Moray 
Firth. Just over 20% of the individuals seen in 2006 and 2007 were animals from community 
2, which are rarely or never seen outside the inner Moray Firth. Most of the remaining 
animals were calves and juveniles which were not seen regularly enough for their 
association patterns to be determined and have therefore not yet been assigned to a 
community. Individuals from both communities were seen in some mixed groups during 2006 
and 2007. 
 
Dolphins inhabiting the west coast of Scotland appeared to belong to two discrete 
communities: one using the waters around the Sound of Barra and the other using the 
waters of the Inner Hebrides and the mainland coast. Photo-identification data showed that 
no encounter with bottlenose dolphins contained mixed groups from these two communities 
(Figure 4.12).  
 
In total, a minimum of 13 and maximum of 15 dolphins were identified from surveys in and 
around the Sound of Barra. It appeared that these animals had a very small range and they 
were encountered during every visit to the area.  
 
In the Inner Hebrides, a minimum of 24 and maximum of 25 dolphins were identified during 
encounters in 2006 and 2007. In contrast to the dolphins using the Sound of Barra this 
community ranged widely with identifications from Kintyre to the north coast of the Isle of 
Skye and Gairloch (Figure 4.12). A cluster analysis using school membership as a measure 
of association shows a slight degree of segregation of the Inner Hebridean animals during 
2006 and 2007 (Figure 4.13). Groups identified from the cluster analysis were found to have 
different but overlapping ranging patterns (Figure 4.12). Although all members of this 
community were seen together in schools at some point during both 2006 and 2007, there 
appeared to be slight latitudinal partitioning of the Inner Hebridean community with some 
dolphins being seen further north than other animals (Figure 4.14). Mixing of these north and 
south groups of the inner Hebridean community was greatest around the Sound of Mull, the 
area with the majority of sightings reports and survey encounters. 
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Table 4.4. Sightings histories of individually recognisable dolphins recorded along the west 

coast of Scotland, showing which years different individuals have been recorded.  
Data prior to 2006 were made available through the HWDT bottlenose dolphin photo-

identification catalogue and Grellier & Wilson (2003). 
 

ID# 1995 1998 2001 2002 2003 2004 2005 2006 2007
5001
5002
5003
5004
5005
5006
5007
5008
5009
5010
5012
5013
5014
5016
5017
5018
5019
5020
5021
5022
5023
5024
5025
5026
5027
5028
5029
5030
5031
5032
5033
5034
5035
5037
5038
5039
5040
5043
5044
5045
5046
5047
5048
5049
5050
5051
5052
5053  
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Figure 4.12. The composition of schools encountered in the waters around the west coast 
during 2006 and 2007 at different latitudes. The groups consist of animals grouped from 

cluster analysis of association values. The white circles are sightings of group 1 (northern 
ranging Inner Hebridean dolphins), black triangles are sightings of group 2 (southern ranging 

inner Hebridean dolphins) and squares represent sightings of group 3 (dolphins using the 
Sound of Barra). 
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Figure 4.13. Dendrogram showing cluster analysis of association values between identified 
dolphins. School membership is used as the unit of association. Three groups of dolphins 
are identified; 1 = northern ranging Inner Hebridean dolphins, 2 = southern ranging Inner 

Hebridean dolphins, 3 = dolphins using the Sound of Barra. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 

Figure 4.14. The composition of schools encountered in the waters around the Inner 
Hebrides during 2006 and 2007 at different latitudes. The north and south groups consist of 

animals grouped from cluster analysis of association values. 
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4.4 Discussion 
 
Bottlenose dolphins are frequently found in coastal waters throughout their global range. 
Whilst existing data from previous studies indicated a wide but patchy distribution of the 
species in Scottish waters, during this study we aimed to compile a comprehensive dataset 
of individually identified bottlenose dolphins and sightings locations to examine fine and 
broad scale distribution, abundance and ranging behaviour. We used a flexible approach to 
directing our boat survey effort. In the inner Moray Firth, where longer term studies had 
shown concentrated use of areas by bottlenose dolphins, we directed our effort into 
systematic surveys. In areas with fewer data, we aimed to direct effort in response to public 
sightings reports and to cover coastal areas with less previous survey coverage. This 
approach worked well and by 2007 networks of public reporters yielded a high encounter 
rate in areas used by fewer dolphins. The combined results from this work show a widely 
distributed use of both the east and west coasts, but with far fewer dolphins on the west. 
Furthermore, the high proportion of animals identified between the two years of the study 
indicates that we had successfully catalogued most of the animals using the waters 
surveyed. The geographic distribution of the species was probably well covered in this study 
in areas with high and medium levels of use, with a lack of information restricted to some 
coastal areas likely to be infrequently used by travelling animals such as the northern coasts 
and the waters around the Northern Isles and the coastal border with England (on both the 
east and the west coast). The limited sightings reports over the past few years and the 
movements of known animals on the east and west coast suggest that the north coast and 
Northern Isles are not significant bottlenose dolphin habitat and the lack of matches between 
east and west coast catalogues suggests there is very little movement of individuals through 
this region. Although bottlenose dolphins are likely to use all parts of the Scottish coast to 
some extent, for the purposes of effective and realistic management the key areas of high 
and medium use are clearly described by our survey results. 
 
During 2006 and 2007, survey effort away from the east coast was distributed throughout 
most of those areas of the Scottish mainland and Hebridean coasts where bottlenose 
dolphins were reported or historically known to use (Grellier & Wilson, 2003; Mandleberg, 
2006). Bottlenose dolphin encounters were distributed widely on the west coast from Arran 
in the south to Skye in the north and around the Sound of Barra.  

 
Relatively few bottlenose dolphins use the coastal waters of western Scotland, with a 
maximum of 39 individuals identified during a single year. Matches with long-term but 
sporadic photo-identification data collected prior to this study showed that many of these 
animals had used the waters of western Scotland for several years. Sightings reports and 
photo-identification encounters show that bottlenose dolphins are widely distributed but that 
they use waters north of the Isle of Skye less regularly than the more southern parts of the 
west coast. This distribution is similar to that on the east coast where bottlenose dolphins are 
more rarely encountered north of the Moray Firth (Bailey & Thompson, 2009) and this may 
be an indication that these northernmost coasts are approaching the latitudinal limit for 
coastal populations of this species in the north-east Atlantic. 
 
Bottlenose dolphins using the Scottish west coast appear to belong to two discrete 
parapatric communities, one of which appears to be confined to the waters around the 
Sound of Barra whereas the other ranges much more widely throughout the Inner Hebrides 
and mainland coasts. This marked contrast in ranging behaviour of neighbouring groups of 
animals illustrates the ecological plasticity of the species. It is possible that very small 
numbers of animals can be supported by geographically small but productive habitat areas. 
For example, a similarly small community of 16 animals resident off the coast of Brittany was 
also found to have extremely limited ranging behaviour remaining year-round in the 
immediate waters surrounding the Isle de Sein (Liret et al., 1996). The factors driving the 
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larger ranging patterns of dolphins belonging to the Inner Hebridean community are 
unknown but patchy or mobile prey, more limited prey availability, predator distribution or 
cultural factors may be responsible. 
  
These communities currently appear entirely segregated; Barra and Inner Hebridean 
dolphins were never seen in mixed schools. In fact, only one dolphin from the Barra 
community was ever seen outside the waters adjacent to the Sound of Barra. This individual 
(id #5001) was identified alone on several occasions during 2004 around the island of Tiree, 
approximately 65 km from the Sound of Barra. This dolphin had not been identified from 
previous surveys around Barra but was subsequently seen in the Sound of Barra in 2006 
and 2007 with the other dolphins of that community. It is likely that this dolphin joined the 
Sound of Barra community after 2004 and subsequently remained there. 
 
In addition to the segregation of the Outer and Inner Hebridean dolphins there appeared to 
be a degree of latitudinal partitioning amongst dolphins using the Inner Hebrides with some 
animals travelling further north and the majority ranging further south. These animals were 
not exclusively found in separate schools, however, and all Inner Hebridean dolphins were 
seen together at some point with the greatest degree of mixing occurring around the Sound 
of Mull. Whilst this partitioning was apparent from encounter locations during 2006 and 2007 
this may be a temporary feature. Bottlenose dolphins are known to have fluid school 
structures (Shane, 1986; Connor et al., 2002) and no evidence of long-term, strong 
associations has been found within bottlenose dolphin communities around the coasts of 
Britain and Ireland (Wilson, 1995; Ingram, 2000). 
 
The ranging patterns of dolphins of the Inner Hebrides varied slightly over the years. 
Sightings were frequently reported around Islay between 2001 and 2003 (Mandleberg, 2006) 
but no sightings in this area were reported during 2006 and only a few in 2007. Small scale 
range shifts such as this are not unlikely with such a widely ranging group of animals and 
may be due to changes in prey distribution between years. In addition to range shifts it is 
likely that some dolphins have emigrated and immigrated into the Hebridean region during 
the past few years. For example, six well-marked dolphins identified in previous years’ 
photo-identification effort were not identified during 2006 or 2007. Due to the number of 
resightings of individuals and the low number of individuals using the area it is unlikely that 
these dolphins were missed. It is more likely that they had either died or left the region.  
 
In summary, on the west coast there are two, small and socially segregated communities of 
dolphins with markedly contrasting ranging behaviour whilst on the east coast there is a 
complex of interacting dolphins concentrated between the Moray Firth and Fife with 
individual differences in ranging behaviour and site fidelity (Lusseau et al., 2006; Section 5). 
Our records of young-of-year calves encountered throughout the surveyed areas and in 
each of the communities indicate that the dolphins using the Scottish coasts continue to 
breed successfully but without detailed survivorship data and genetic information on stock 
structure, the viability of this population (or meta-population) is unknown. Throughout all 
coastal regions some longer range movement of individuals from the more densely occupied 
areas would seem likely but presently this appears to be occurring at a rate not detectable 
with our current survey methods. The lack of data on longer range movements or broad 
scale seasonal migrations reflects the sensitivity and resolution of our survey methods and 
more detail on the possible meta-population structure of bottlenose dolphins around Scottish 
coasts is better examined using molecular genetic approaches. Photo-identification survey 
data show a lack of significant movement between east and west coasts and a large 
difference in the number of coastal dolphins resident or seasonally resident on the east and 
west coasts. However, photo-identification surveys will not necessarily provide data on the 
rate of mixing that may be sufficient to maintain a single reproductive stock of animals but 
multiple socially isolated communities. 
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5 MULTI-SITE MARK RECAPTURE ESTIMATE OF THE 
ABUNDANCE AND MOVEMENT RATES OF BOTTLENOSE 
DOLPHINS 
 
Authors: Cheney, B., Costa, M., Culloch, R., Durban, J.W., Elwen, S., Islas, V., Eisfeld, 
S.M., Evans, P.G.H., Hammond, P.S., Ingram, S., Janik, V.M., O’Brien, J., Pope, A., 
Phillips, C., Quick, N., Robinson, K.P., Thompson, P.M., Weir, C.R. & Wilson, B. 
 

 
5.1 Introduction 
 
In the previous section, we described the photo-identification survey work that we conducted 
on the west coast of Scotland and within the Moray Firth SAC on the east coast of Scotland. 
These observations of individually recognisable dolphins provide a minimum estimate of the 
number of animals using each of these areas, but the nature of the surveys means that it is 
likely that some individuals will not be sampled. We therefore used a mark-recapture 
framework for estimating the overall abundance of dolphins from the pattern of re-sightings 
of identifiable individuals. Building upon the procedures developed for monitoring the number 
of animals using the SAC, we used the program CAPTURE to estimate the number of 
animals using each of our main sampling areas; the west coast and the Moray Firth SAC. 
Repeated surveys within each field season were used as independent sampling occasions, 
and the photographic captures of well-marked individuals within each of these samples were 
used to estimate abundance in each of these areas.  
 
An alternative approach is to apply mark-recapture models to data collected at different 
sampling sites, rather than in different time periods. This may be advantageous when 
individuals within a population range widely, and observations are focussed within specific 
sampling areas within the population’s overall range. For example, on the east coast of 
Scotland, there was evidence of a range expansion during the 1990s (Wilson et al., 2004). 
As a result, whilst repeated surveys within the Moray Firth SAC still allow us to use 
CAPTURE to estimate the number of animals using the SAC, they will underestimate the 
overall abundance of the east coast population (Thompson et al., 2004). To explore ways of 
overcoming this problem, Durban et al. (2005) developed a multi-site mark recapture 
framework to model data collected from different sampling areas on the east coast of 
Scotland (the inner Moray Firth, the southern Moray Firth coast and St Andrews Bay). Data 
available in Durban et al.’s (2005) study were sparse, and the resulting estimate had 
relatively high uncertainty, but these results did highlight the potential for extending this 
approach. 
 
One advantage of the multi-site mark-recapture framework is that it is well suited to 
situations where multiple organisations are collecting data in different parts of a population’s 
range. In Scotland, several organisations have carried out photo-identification studies of 
bottlenose dolphins on both the east and west coasts, and there are additional datasets from 
adjacent areas in both UK and Irish waters.  
 
The fourth objective of this study was to provide estimates of abundance and movement 
rates between different sampling areas using multi-site mark-recapture analyses. In this 
section, we build on the work reported in Section 4 by integrating results from our own 
surveys with those from other groups that conducted photo-identification studies of Scottish 
bottlenose dolphins during 2006 and 2007. To achieve this, we use two different multi-site 
mark-recapture frameworks. First, we use Durban et al.’s (2005) Bayesian model to estimate 
abundance. Second, we use maximum likelihood methods (Whitehead, 2001; Stevick et al., 
2006) to estimate transition probabilities for movement between study sites.  
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5.2 Methods 
 
5.2.1 Data sources 

 
In addition to the data collected within this project (see Section 4), and photographs that 
were submitted by members of the public (see Section 3), photo-identification data were 
available through collaborative agreements that were established with the following four 
research groups.  
 
5.2.1.1 Whale & Dolphin Conservation Society (WDCS) 
 
WDCS conduct research and educational work in the Moray Firth from their Wildlife Centres 
at Spey Bay and North Kessock. Photo-identification data are available through two areas of 
this work.  
 
First, trained WDCS volunteers act as guides on the Gemini Explorer, a commercial dolphin 
watching boat that operates from Buckie under the Dolphin Space Programme. This also 
provides opportunities for the WDCS guides to collect photo-identification data during these 
trips, which are made along the south side of the Moray Firth. Since 2001, a collaboration 
with Aberdeen University has involved both the training of volunteers in photo-identification 
techniques and the integration of these data into the Moray Firth photo-identification 
catalogue and database that is maintained at the Lighthouse Field Station. 
 
Second, Charlie Phillips, the WDCS Adopt a Dolphin Field Officer regularly makes shore-
based observations and collects photo-identification data from Chanonry Point, in the inner 
Moray Firth. Since 2004, these photographs have also been integrated into the Moray Firth 
photo-identification catalogue as part of a collaborative agreement with WDCS and Charlie 
Phillips. 
 
5.2.1.2 Cetacean Research & Rescue Unit (CRRU) 
 
The CRRU is a research and educational organisation based in Gardenstown on the 
southern coast of the Moray Firth. CRRU has been carrying out boat-based photo-
identification studies of bottlenose dolphins in this area since 1997, with recent studies being 
conducted with teams of Earthwatch volunteers.  
 
Photo-identification surveys have focussed on an 80 km coastal strip on the south side of the 
Moray Firth (for details see Robinson et al., 2007 and Culloch & Robinson, 2008). CRRU 
maintains a photo-identification catalogue of the animals recorded in this area. For the 
purposes of this study, a collaborative agreement was established to share pictures and data 
to determine which individuals were photographed in this study area during the summers 
(May-September) of 2006 and 2007. 
 
5.2.1.3 Sea Watch Foundation 
 
The South Grampian Regional Group of the Sea Watch Foundation has conducted boat-
based photo-identification studies along the Aberdeen coast since 1999 (for details see 
Stockin et al., 2006 and Weir et al., 2008).  
 
The group maintain the Aberdeen Cetacean Catalogue (www.ketosecology.co.uk/ACC.htm), 
containing photo-identification data from bottlenose dolphins and other species recorded in 
this area. For the purposes of this study, a collaborative agreement was established to share 
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pictures and data to determine which individuals were photographed along the 
Aberdeenshire coast during the summers (May-September) of 2006 and 2007. 
 
5.2.1.4 Dr Vincent Janik, University of St Andrews 
 
During 2006 and 2007, photo-identification data from the St Andrews Bay area were 
collected by Dr Vincent Janik and his research student Valentina Islas during related studies 
of bottlenose dolphin social structure. A collaborative agreement was established to share 
pictures and data to determine which individuals were photographed within the St Andrews 
Bay area during the summers (May-September) of 2006 and 2007. 
 
5.2.2 Data collation and quality assurance 
 
All collaborators were asked to provide the best quality picture for each of the well-marked 
dolphins that they had photographed in their study area in both the 2006 and 2007 summer 
field seasons. 
 
These photographs were then graded by the same person (Barbara Cheney) for 
photographic quality as described in Section 4. Individual photographs were then compared 
within and across studies to determine whether individuals had been seen in multiple study 
areas. All matches across study areas were discussed between groups, and confirmed by at 
least one additional experienced researcher.  
 
In addition to the analysis of data collected in 2006 and 2007, archive photographs of some 
well-marked animals were available from some of these areas in other years. Because these 
photographs were often not collected in a systematic way, these data could not be used in a 
formal analysis of abundance or movement rates. Nevertheless, such data do provide an 
opportunity to detect long-range movements that could be occurring over longer time-scales. 
We therefore compared archive photographs of well-marked animals across west and east 
coast studies to determine whether individuals had been seen in multiple study areas (see 
Figure 5.1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.1. The areas used for the multi-site mark-recapture. 
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5.2.3 Bayesian mark-recapture analysis of abundance 
 
Following Durban et al. (2005) we used a three site model to estimate abundance, modelling 
east coast and west coast data separately. On the east coast, Area 1, the inner Moray Firth, 
included data from the University of Aberdeen Lighthouse Field Station and Charlie Phillips 
of WDCS; Area 2, the southern Moray Firth coast, included data from the WDCS Gemini 
Explorer surveys and CRRU; Area 3, the Grampian and Fife coast, included data from the 
Sea Watch Foundation and the University of St Andrews (see Figure 5.1). On the west 
coast, we used photographic data from both the SAMS/AULFS surveys (Section 4) and 
those collected by HWDT and the public (Section 3), and assigned them to three areas. Area 
4 included data from the Sound of Barra; Area 5 all waters to the south of Skye; and Area 6 
all waters around Skye and to the north (see Figure 5.1). 
 
Following the methods described in Durban et al. (2005), for each coast, we constructed 
simple contingency tables where the cells referred to discrete categories formed by the 
combination of the three study areas. We used only those sightings of well-marked animals 
(i.e. with dorsal fin nicks that could be identified from either the left or right side) which had 
been confirmed from a high quality Grade 3 picture (see Section 4). We then used a 
Bayesian framework to compare log-linear models that represented different levels of 
dependence between sites. A model-averaged estimate of the total number of well-marked 
individuals was obtained by using the Gibbs sampling Markov chain Monte Carlo methods, 
implemented using WinBUGS software. In an extension of the method described in Durban 
et al. (2005), we expanded the estimate of the number of well-marked individuals to an 
estimate of total abundance using estimates of the proportion of well-marked animals in the 
population, . On the east coast, annual estimates of  were based upon data collected from 
the core-surveys conducted by Aberdeen University in the Moray Firth SAC. On the west 
coast, annual estimates of  were based upon data collected during the project surveys 
(Section 4).  
 
 
5.2.4 Maximum likelihood estimate of movement rates 
 
Site fidelity between pairs of years and movement rates between pairs of sites were 
estimated as transition probabilities, pt, using maximum likelihood methods (see Whitehead, 
2001; Stevick et al., 2006). In a population of n individuals, the log-likelihood that mij of the ni 
animals identified within a location in year i that were also identified from nj animals at this 
location in year j is given as the Poisson approximation (Whitehead, 2001): 

  ^  ^ 

L = (mij log (mij) – mij) + constant 
 
Where the expected number of re-sightings is  

  ^ 

mij = ptij ni (nj / n) 
 
The movement rates between sites on the east coast were calculated using the numbers of 
animals identified at each site and all pairs of sites and an overall value of n= 103, 
corresponding to the estimate of abundance derived from the multi-site model for 2006 
photo-identification data. We maximised likelihoods from 1000 transition probability values 
drawn randomly from a normally distributed range between 0 and 1. The mean pt values 
with the hundred highest likelihoods were used to restrict the range of random pt values and 
another 1000 randomisations were run. This process was repeated until convergence was 
achieved deriving the transition probabilities of animals moving between each pair of sites. 
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5.3 Results 
 
5.3.1 East coast abundance estimate 
 
Overall, a total of 88 and 93 well-marked individuals were identified from Grade 3 
photographs in the summers of 2006 and 2007 respectively. In both years, a high proportion 
of individuals were recorded in more than one of the three study areas (Table 5.1). 
 
Model-averaged estimates of the total number of well-marked individuals in 2006 and 2007 
were 103 and 142 (Table 5.2). Extrapolation to total abundance using available data on  
produced estimates of 193 and 237, with 95% probability intervals ranging between 162 and 
737 (Table 5.2) 
 
Individual use of these three east coast areas is shown in Table 5.3. 
 
 
Table 5.1. The number of well-marked individuals recorded in different combinations of the 

three study areas on the east coast. 
 

 2006 2007 
All 3 Areas 9 10 
SAC 45 47 
Only SAC 7 20 
Outer Moray Firth 52 33 
Only Outer Moray Firth 2 1 
Grampian & Fife 51 55 
Only Grampian & Fife  28 40 
SAC and Outer Moray Firth (only) 28 17 
SAC and Grampian & Fife (only) 1 0 
Outer Moray Firth and Grampian & Fife (only) 13 5 
Total number of well-marked individuals 88 93 

 
 

 
Table 5.2. Model-averaged estimates of a) the number of well-marked individuals and b) the 

total number of all individual dolphins using the east coast of Scotland in the summers of 
2006 and 2007. 

 
 Median 95 % Probability Interval 

a) Well-marked individuals   
   

2006 103 89-129 
2007 142 111-440 

   
b) All individuals   

   
2006 193 162-245 
2007 237 181-735 
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Table 5.3. Occurrence of different individually recognisable dolphins in the three sampling 
areas on the east coast of Scotland (May to September 2006 and 2007). All data are from 

well-marked animals and Grade 3 photographs. 
 

IDS SAC
OUTER MORAY 

FIRTH
GRAMPIAN + 

FIFE SAC
OUTER MORAY 

FIRTH
GRAMPIAN + 

FIFE
1 1 1 1 1
3 3
4 4 4 4
8 8 8 8 8 8
11 11 11 11 11
20 20 20
22 22 22 22

23 23 23

30 30 30
31 31 31 31
36 36 36 36
42 42 42 42 42 42
44 44 44
49 49 49 49 49 49 49
52 52 52 52 52
53 53 53
60 60 60
61 61 61 61 61
64 64 64 64 64
68 68 68
79 79 79

102 102 102 102 102 102 102
105 105 105 105
116 116 116
124 124 124
125 125
129 129 129 129 129 129
137 137 137 137 137
157 157 157 157 157 157 157
192 192 192

209 209 209
210 210 210 210 210
227 227 227
234 234 234 234 234 234
307 307 307 307 307 307
323 323 323
344 344 344 344
357 357 357
430 430 430 430 430
435 435 435 435 435 435
571 571 571
573 573 573 573

578 578 578

580 580 580 580

589 589 589 589 589
672 672 672

744 744 744 744

745 745 745 745 745 745
760 760 760 760 760
769 769 769 769
773 773 773 773
774 774
788 788 788 788
800 800 800 800 800 800
815 815 815

816 816 816 816

817 817 817 817 817

818 818 818 818

820 820 820 820 820 820
856 856 856 856 856
866 866

880 880 880
881 881 881
882 882 882
885 885 885 885 885 885
886 886 886 886 886
901 901 901 901 901 901
903 903 903
904 904 904 904 904 904
907 907 907 907

908 908 908 908 908
914 914 914 914

923 923 923 923 923
964 964 964
965 965 965 965 965
967 967 967 969
969 969 969
985 985 985
991 991 991
1007
1013 1013 1013
1026 1026 1026
1027 1027 1027
1028 1028 1028 1028
1029 1029 1029
1032
1037 1037
1038 1038
1039 1039
1042
1046 1046 1046

SA 033 SA 033 SA 033
SA 041 SA 041 SA 041
SA 042 SA 042 SA 042
SA 045 SA 045 SA 045
SA 048 SA 048
SA 054 SA 054 SA 054
SA 069 SA 069 SA 069
SA 082 SA 082
SA 095 SA 095
NI_68 NI_68

Summer 2006 Summer 2007
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5.3.2 West coast abundance estimate 
 
Overall, a total of 18 and 22 well-marked individuals were identified from Grade 3 
photographs in the summers of 2006 and 2007 respectively (Table 5.4). 
 
Model-averaged estimates of the total number of well-marked individuals in 2006 and 2007 
were 25 and 30 (Table 5.5). Extrapolation to total abundance using available data on  
produced estimates of 45 in both years, with 95% probability intervals ranging between 31 
and 71 (Table 5.5) 
 
Individual use of these three west coast areas is shown in Table 5.6. 
 
 
 
Table 5.4. Number of well-marked individuals recorded in different combinations of the three 

study areas on the west coast. 
 

 2006 2007 
All 3 Areas 0 0 
Skye & north 11 14 
Only Skye & north 3 5 
South of Skye 8 9 
Only south of Skye 0 0 
Barra 7 8 
Only Barra 7 8 
North and south of Skye (only) 8 9 
Skye & north and Barra (only) 0 0 
Barra and south of Skye (only) 0 0 
Total number of well-marked individuals 18 22 

 
 
 

Table 5.5. Model-averaged estimates of a) the number of well-marked individuals and b) the 
total number of all individual dolphins using the west coast of Scotland in the summers of 

2006 and 2007. 
 
 Median 95 % Probability Interval 

a) Well-marked individuals   
   

2006 25 19-37 
2007 30 23-42 

   
b) All individuals   

   
2006 45 31-71 
2007 45 33-66 
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Table 5.6. Occurrence of different individually recognisable dolphins in the three sampling 
areas on the west coast of Scotland in 2006 and 2007. All data are from well-marked 

animals and Grade 3 photographs. 
 
 

ID # NORTH SOUTH BARRA NORTH SOUTH BARRA
5001 1 1
5002 1 1
5004 1 1
5005 1 1
5006 1 1
5008 1 1
5009 1 1
5012 1
5017 1 1 1 1
5018 1 1 1 1
5019 1 1 1 1
5020 1 1 1 1
5021 1 1 1 1
5022 1 1
5023 1 1
5024 1 1 1 1
5025 1 1 1 1
5026 1 1 1 1
5030 1 1
5039 1 1
5043 1
5045 1

2006 2007

 
 

 
 
5.3.3 Movement rates 
 
The photo-identification data collected at all three east coast sites (Table 5.7) show relatively 
high numbers of animals recorded using more than one site. The calculated transition 
probabilities between these sites are accordingly relatively high (Table 5.7). The transition 
probability between the SAC and the Outer Moray Firth is slightly higher than for movement 
between the other pairs of sites and it appears that the movement rates are correlated to 
distance between the sites. These results indicate a high degree of mixing of individuals 
between sites and do not show a structured pattern of movement we would expect from a 
highly structured and social partitioned assemblage of animals.  
 

Table 5.7. Movement of individuals between locations (nij) expressed as transition 
probabilities (ptij) (n is the number of individuals identified at each location using photo-

identification data). 
 

Movement of 
dolphins 

ni nj nij Transition 
probabilities (0-1) 

SAC and Outer 
Moray Firth 

54 57 46 0.80 

SAC and 
Grampian/Fife 

54 65 21 0.75 

Outer Moray Firth 
and Grampian/Fife 

57 65 32 0.76 
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5.3.4 Long distance movements 
 
Comparison of archive pictures of well-marked dolphins from the University of 
Aberdeen/SMRU catalogue and the HWDT catalogue produced no matches. However, 
seven individuals that were photographed on the east coast by CRRU were later recorded 
on the west coast by HWDT. All these animals were part of a group of 15-20 dolphins that 
were seen along the southern shore of the outer Moray Firth on four occasions in July 2001. 
All seven dolphins were photographed by HWDT in the summers of 2002, 2004 and 2005, 
and one of them (5024) was also recorded during our SAMS/AULFS surveys in 2006 and 
2007.  

 
5.4 Discussion 
 
5.4.1 Estimates of abundance 
 
This report presents the first comprehensive estimates of abundance of bottlenose dolphins 
in inshore waters of mainland Scotland and the Western Isles. The estimates do not cover 
the Northern Isles of Orkney and Shetland. For the east coast, the estimates are the first to 
include all available data from the Moray Firth to St Andrews Bay. For the west coast of 
Scotland they are the first such estimates. Robust estimates of abundance (as these are) 
are arguably the single most important information for conservation and management; these 
are thus highly significant results. 
 
5.4.1.1 East coast 
 
For the east coast, our estimate for 2006 (193, 95% Probability Interval: 162-245) is much 
more precise that our estimate for 2007 (237, 95% PI: 181-735) (Table 5.2). We therefore 
consider the 2006 estimate to be the best estimate of the number of bottlenose dolphins in 
the area. There are few other records of bottlenose dolphins outwith our sampling area so 
this is also an appropriate estimate for the North Sea. 
 
The best estimate for the east coast is higher than the still widely used estimate for this area 
of 129 (95% Confidence Interval: 110-174) for 1992 calculated from Moray Firth data only 
(Wilson et al., 1999). However, it is important not to over-interpret the significance of this 
difference because of the difference in the area over which the data were collected and the 
different methodology used for estimation. In particular, it is not possible to infer from these 
results that the east coast population has increased in size over this period to the extent 
suggested by the point estimates. 
 
In a demonstration of the methodology used here, Durban et al. (2005) estimated a 
population of 85 (95% PI: 76-263) well-marked dolphins on the east coast of Scotland in 
2001. This figure is equivalent to the 103 (95% PI: 89-129) well-marked dolphins estimated 
here for 2006 (Table 5.2). The point estimate for 2006 is higher than for 2001 but the 
probability interval for the 2006 estimate is entirely included within that for 2001 indicating 
that these estimates are not statistically different. 
 
Estimates of the number of bottlenose dolphins using the Moray Firth SAC in the period 
2002-2007 have been made by Thompson et al. (2006; 2009). Point estimates ranged from 
71 to 111, with 95% confidence limits that ranged from a low of 66 to a high of 161, and with 
95% confidence intervals that overlapped considerably. Our estimate for the whole east 
coast of 193 (95% PI: 162-245) is significantly higher than any of these estimates for the 
Moray Firth. The estimates were calculated using different analytical methods but the 
difference nevertheless suggests that not all of the animals in the east coast population use 
the Moray Firth, as also noted by Thompson et al. (2006; 2009). 
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Quick (2006) estimated the number of bottlenose dolphins in the St Andrews Bay area in 
2003/2004 using both conventional and Bayesian methods of analysis. The best estimates 
were 89 and 112, respectively, included in a conservative 95% confidence range of 81-142. 
When compared with our estimate of 193 (95% PI: 162-245), this suggests that a substantial 
proportion of the east coast population uses the St Andrews Bay area, at least in summer. 
 
5.4.1.2 West coast 
 
For the west coast, our estimates for 2006 (45, 95% Probability Interval: 31-71) and 2007 
(45, 95% PI: 33-66) (Table 5.2) are identical but the estimate for 2007 is more precise and 
we consider this to be the best estimate of the number of bottlenose dolphins in the area.  
 
The only previous estimate for this area is from Barra, where Grellier & Wilson (2003) 
estimated 6-15 individuals (point estimate of 8-9 individuals) from data collected in 1995 and 
1998. This compares well with our data from 2006 and 2007, which comprised a total of 13-
15 individuals, none of which were seen elsewhere, and four of which were re-sightings of 
individuals seen in 1995/1998. 
 
5.4.1.3 Scottish dolphin abundance in a wider context 
 
The abundance of small cetacean populations in European Atlantic continental shelf waters 
from 62ºN to the Straits of Gibraltar has been estimated from ship-board and aerial surveys 
in 2005 (SCANS-II, 2008). The estimate of bottlenose dolphin abundance in this area was 
12,645 (95% CI: 7,500-21,300). The analysis was unable to correct for animals missed on 
the transect line so these estimates are negatively biased (too low). SCANS-II found 
bottlenose dolphins around the coasts of England, Wales and Ireland but the highest 
densities (and numbers) were estimated in the Celtic Sea, including the south coast of 
Ireland (5,370; 95% CI: 2,200-13,300) and around the coasts of Spain and Portugal (3,935; 
95% CI: 1,900-8,100). The surveys were not designed to estimate abundance in small areas 
so no direct comparison is possible with our estimates for Scottish waters. However, it is 
worth noting that the SCANS-II estimates from survey blocks that included Scottish waters 
(including Orkney and Shetland) were of the same order of magnitude (100s) as our 
estimates presented here. 
 
In 2007, offshore surveys of waters to the west of the SCANS-II survey area (waters deeper 
than 200 m) estimated 19,295 (95% CI: 11,842-31,440) bottlenose dolphins, 5,700 (95% CI: 
2,900-11,100) of which were in waters north of 53ºN, including offshore Scottish waters 
(CODA 2009). The highest density (and number) of animals was estimated in offshore 
waters from 45-53 ºN (11,536; 95% CI: 6,100-21,700). As in SCANS-II, the analysis was 
unable to correct for animals missed on the transect line so these estimates are negatively 
biased (too low). 
 
These estimates from larger scale surveys illustrate that our estimates for mainland Scotland 
and the Western Isles are a small proportion of the populations living in European waters. 
 
5.4.2 Movement of dolphins between sites 
 
We found that the rate of movement of dolphins between all three east coast sites is high; an 
animal found at any one site has at least a 75% chance of also being found at another site in 
the same year. The results are suggestive of a higher rate of exchange of dolphins between 
the two sites that are closest in distance (inner and outer Moray Firth) but it is likely that this 
rate is not statistically significantly different from the rates between the other sites. 
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Although these results do not provide information on the ranging patterns of individual 
dolphins, they clearly demonstrate that the population of bottlenose dolphins off the east 
coast of Scotland is highly mobile with the majority of individuals ranging from the inner 
Moray Firth to Fife. The population cannot, therefore, be subdivided into separate units 
based on area alone. The results of genetic analyses (Section 6) show some but not 
complete isolation between animals found on the east coast and those on the west coast 
and elsewhere in Britain and Ireland, Together, these results show that the east coast 
population should continue to be considered as a single separate unit for management 
purposes. 
 
Prior to the commencement of the project it was the intention to estimate rates of movement 
(transition probabilities) between the east and west coast sites. The lack of any matches 
between east and west coasts in 2006 and 2007 rendered this analysis redundant. However, 
archive photographs from previous years did provide evidence for such movement. 
Furthermore, subsequent comparisons have shown that three of these dolphins could also 
be matched with bottlenose dolphins photographed on the west coast of Ireland by the Irish 
Whale and Dolphin Group (Robinson et al., 2009). These photographic matches support the 
results of the genetic analysis (Section 6) for partial isolation between dolphins found on the 
east and west coasts. 
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6 ASSESSMENT OF POPULATION STRUCTURE USING 
MOLECULAR ANALYSES OF TISSUES FROM 
STRANDINGS  
 
Authors: Murray-Dickson, G., Berrow, S., Reid, R.J., Thompson, P.M. & Piertney, S. 

 
 

6.1 Introduction 
 
Bottlenose dolphins currently have a discontinuous distribution around the Scottish coast 
(Section 2). On the east coast of Scotland, bottlenose dolphins are regularly seen around the 
Moray Firth and surrounding waters (Wilson et al., 1999; Stockin et al., 2006), whilst in the 
west a smaller number of individuals appear to occur around the Sound of Barra and 
throughout the Hebrides (Sections 3 and 4). Elsewhere in the UK and Ireland, bottlenose 
dolphin distribution also appears patchy, with the main population strongholds occurring in 
Cardigan Bay in Wales (Pesante et al., 2008) and the Shannon Estuary in Ireland (Berrow et 
al., 1996; Ingram & Rogan, 2002). This contemporary distribution is difficult to reconcile with 
historical stranding records that indicate a more continuous distribution of dolphins along 
both the east and west coasts of the UK during the early part of the 20th century (Parsons et 
al., 2002; Section 2).  
 
Concerns over the fragmentation of bottlenose dolphin populations and low population sizes 
have resulted in the Moray Firth, Shannon Estuary and Cardigan Bay sites being designated 
as Special Areas of Conservation (SACs) under the European Habitats Directive. However, 
it is unclear to what extent these SACs represent meaningful population subdivisions, 
particularly because observational data make it difficult to understand levels of contemporary 
exchange of individuals between areas and populations. 
 
Examination of the spatial distribution of genetic diversity has proven invaluable for 
identifying population subdivisions indicative of geographically isolated, demographically 
independent populations that may warrant separate management or conservation status 
(Frankham et al., 2002; Moritz, 1994). An initial survey by Parsons et al. (2002) used DNA 
sequence variation across the mitochondrial DNA control region to examine levels of 
population divergence between dolphins sampled from the Moray Firth, the west coast of 
Scotland, Cardigan Bay, the English Channel and Ireland. However, these analyses of 
maternally inherited mitochondrial DNA could not be used to evaluate the potential for male 
biased dispersal and gene flow among these populations.  
 
The fifth objective of this study was to determine the potential for molecular analyses of DNA 
from stranded bottlenose dolphins that will complement photo-identification studies and 
assess relationships between dolphins using the SAC and those found along other Scottish 
coasts. Although stranded bottlenose dolphins have been recorded fairly regularly from the 
east coast of Scotland, recent records from other Scottish coasts are rare (Section 2). We 
therefore make use of samples from other UK and Irish waters to maximise the power of 
molecular analyses to assess relationships between dolphins using the Moray Firth SAC and 
dolphins from adjacent waters. In this section, we extend and expand the initial Parsons et 
al. (2002) survey of genetic diversity within, and genetic divergence between, the putative 
populations of bottlenose dolphins around the UK. We augment the original mitochondrial 
dataset by including 18 new samples and sequencing a larger region of the mitochondrial 
genome. In addition, we provide the first description of the spatial distribution of genetic 
diversity across 10 microsatellite markers.  
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6.2 Methods 
 
Skin samples were taken from archived tissue of 38 stranded or by-caught bottlenose 
dolphins collected post-mortem between 1988 and 2007 at five locations frequented by 
bottlenose dolphins around the UK and Irish coasts (Figure 6.1): East Scotland (ES, n=25), 
West Scotland (WS, n=4), Wales (Wal, n=5), English channel (Eng, n=1) and Ireland (Ire, 
n=3). Eight samples were also provided from an earlier study in which skin samples from 
dolphins from the Shannon estuary in Ireland were obtained using a biopsy system (for 
details see Berrow et al., 2002). Details of all samples are presented in Table 6.1. Samples 
were preserved either in 20% DMSO / 5M NaCl solution or ethanol, and then frozen at 
-20 ºC. DNA was then extracted from individual skin samples using a proprietary DNA 
extraction kit (Qiagen Ltd).  
 

 
 
 

 
Figure 6.1. Map of the United Kingdom and Ireland indicating the sampling locations of the 

46 bottlenose dolphin individuals sampled and analysed. 
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Table 6.1. Details of samples used for molecular analyses 

 
 

 NORTH EAST LOCATION DATE_FOUND SEX 
ES 57.76 -3.90 Balintore, Highland 31/07/1988 M 
ES 57.52 -4.21 Kilmuir, Highland 18/08/1989 F 
ES 57.59 -3.85 Nairn , Highland 18/07/1990 F 
ES 57.66 -3.66 Culbin Sands, Moray 17/05/1992 F 
ES 57.70 -3.48 Burghead, Moray 11/08/1992 F 
ES 57.69 -2.93 Portessie, Moray 11/10/1992 M 
ES 57.91 -4.00 Embo, Highland 02/02/1993 M 
ES 57.51 -4.23 North Kessock, Highland 31/05/1993 F 
ES 57.73 -3.33 Lossiemouth, Moray 12/09/1993 F 
ES 57.67 -4.22 Balblair, Highland 02/10/1993 F 
ES 57.94 -4.00 Golpsie, Highland 07/12/1993 M 
ES 57.53 -4.10 Inverness, Highland 23/04/1994 M 
ES 57.59 -3.91 Nairn, Highland 06/08/1995 F 
ES 57.77 -3.89 Hilton Of Cadboll, Highland 31/12/1995 M 
ES 57.53 -4.20 Munlochy Bay, Highland 17/06/1996 M 
ES 57.74 -3.92 Shandwick, Highland 30/03/1999 F 
ES 57.68 -2.45 Macduff, Moray 26/08/1999 M 
ES 57.70 -2.91 Findochty, Moray 07/12/1999 F 
ES 57.70 -2.91 Findochty, Moray 07/12/1999 F 
ES 57.27 -2.02 Pettens Links, Grampian 21/12/1999 M 
ES 57.70 -2.84 Portknockie, Grampian 31/07/2000 F 
ES 57.60 -4.01 Ardersier, Highland 23/05/2001 F 
ES 56.54 -2.62 Elliot, Tayside 02/08/2004 M 
ES 57.55 -4.20 Balone, Highland 20/08/2004 M 
ES 56.26 -2.61 Crail, Fife 09/06/2005 F 
ES 56.44 -2.90 Tayport, Fife 19/06/2006 M 
WS 56.02 -4.80 Gare Loch, Argyll 01/03/1994 F 
WS 57.21 -6.01 Isle Of Skye. Highland 25/01/1998 F 
WS 56.29 -6.17 Mull, Argyll 23/06/1999 n.a. 
WS 57.35 -6.10 Isle Of Skye, Highland 02/04/2001 M 
Wal 53.26 -4.10 Gallows Point, Gwynedd 13/09/1991 F 
Wal 52.53 -4.08 Ynyslas, Dyfed 15/09/1993 F 
Wal 52.27 -4.19 Llannon, Dyfed 22/07/1991 M 
Wal 52.49 -4.05 Borth, Dyfed 17/04/1991 M 
Wal 52.13 -4.54 Aberporth, Dyfed 24/10/1993 M 
Ire 53.95 -9.63 Tarbert, Shannon 22/09/2000 M 
Ire 52.63 -9.34 Clonderlaw, Shannon 19/09/2000 M 
Ire 53.02 -9.65 Killimer, Shannon 19/09/2000 M 
Ire 53.02 -9.67 Carrig, Shannon 22/09/2000 F 
Ire 52.57 -9.69 Kilcredaun, Shannon 20/09/2000 M 
Ire 52.57 -9.69 Kilcredaun, Shannon 20/09/2000 M 
Ire 52.58 -9.76 SW Ireland 25/08/1993 n.a 
Ire 52.58 -9.75 SW Ireland 24/07/1997 n.a 
Ire 52.70 -9.70 SW Ireland 24/07/1997 n.a 
Ire 53.02 -9.18 Foynes, Shannon 22/09/2000 F 
Ire 52.95 -9.47 Glin, Shannon 22/09/2000 M 

Eng 50.78 -0.68 Bognor, Sussex 07/10/1991 F 
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6.2.1 Mitochondrial DNA sequencing and analysis 
 
PCR analyses of maternally inherited mitochondrial DNA were conducted at two different 
sites within the mitochondrial genome. First, a 549 base pair (bp) fragment of the 
mitochondrial control region was amplified using primers developed by Eggert et al. (1998) 
and Rosel et al. (1995). Second, we amplified the entire mitochondrial cytochrome b region 
(1040 bp) using primers developed by Harlin-Cognato & Honeycutt (2006). PCR products 
were then purified using the QIAquick PCR purification system (Qiagen Ltd), and sequenced 
on a Perkin-Elmer ABI 3730XL automated DNA sequencer. 
 
Control region and cytochrome b sequence chromatograms were edited using MEGA 
version 4 (Tamura et al., 2007). Multiple sequence alignments were obtained for the control 
region and cytochrome b sequences separately using CLUSTAL W (Higgins et al., 1994) 
and subsequently integrated to give a single sequence per individual. The sequence of base 
pairs in these individual sequences was then compared to determine how many different 
variants, or haplotypes, existed.  
 
We then assessed evolutionary relationships between different haplotypes using a 
maximum–likelihood approach in PAUP version 4.0b10 (Swofford, 1997). Following standard 
procedures, data from a more distant relative (here Delphinus delphus) were used to root the 
phylogenetic tree, and a bootstrap analysis (1000 replicates) was used to assess the stability 
of the nodes within the tree. 
 
6.2.2 Microsatellite genotyping 
 
Analyses of di-parentally inherited nuclear DNA were conducted at 10 microsatellite loci 
using cetacean primer sets known to be polymorphic in bottlenose dolphins (Table 6.2). 
These analyses were carried out on all samples except the single individual from the English 
Channel. PCR amplifications were performed using a MJ Research PTC-100 thermal cycler 
and all included DNA-absent negative controls. Three different microsatellite fragments 
labelled with different fluorescent tags (6-FAM, HEX and NED; Table 6.2) were then 
genotyped using an ABI 3720 automated DNA sequencer. 
  
Microsatellite genotypes were scored using GeneMarker software (version 1.71, 
SoftGenetics, LLC). Multilocus FIS was calculated for each population, and we tested for 
deviation from Hardy-Weinberg expectations by permutation using FSTAT version 2.9.3 
(Goudet, 2001). Three estimates of genetic diversity were calculated for each of the four 
putative populations (East Scotland, West Scotland, Ireland and Wales). First, we estimated 
the total number of alleles at each of the 10 microsatellite loci. Second, we estimated allelic 
richness at each locus and, finally, we used Nei’s (1978) unbiased estimate of observed 
heterozygosity (HO) using FSTAT. 
 
To infer population structure and identify dispersing individuals, a Bayesian model-based 
clustering method was applied to these data using STRUCTURE version 2.1 (Pritchard et 
al., 2000) This approach assigns individuals probabilistically to populations that are 
characterised by a set of allele frequencies at each locus but assumes no prior information.  
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Table 6.2. Characteristics of 10 microsatellite loci used to examine population structure 
among 46 bottlenose dolphin individuals. The Ttr loci were isolated and characterised by 

Rosel et al. (2005) and the Dde loci by Coughlan et al. (2006) 
 

Name Primer sequence (5' to 3') Repeat Size TA (°C) No. of alleles Fluorescent tag

Ttr04 CTGACCAGGCACTTTCCAC (CA)n 99-123bp 60 9 Ned
GTTTGTTTCCCAGGATTTTAGTGC

Ttr11 CTTTCAACCTGGCCTTTCTG (CA)n 193-223bp 60 7 HEX
GTTTGGCCACTACAAGGGAGTGAA

Ttr19 TGGGTGGACCTCATCAAATC (CA)n 171-213bp 60 5 6-FAM
GTTTAAGGGCTGTAAGAGG

Ttr34 GCACATGAGTATGTGGACAGG (CA)n 183-205bp 58 9 NED
GTTTCCTCCTTGGGAGTGTCCTCT

Ttr48 AAGAGGATGCAAATGGCAAG (CA)n 128-142bp 58 6 HEX
GTTTGGTAAGAAAATACCAAAGTCC

Ttr58 TGGGTCTTGAGGGGTCTG (CA)n 179-197bp 60 5 6-FAM
GTTTGCTGAGGCTCCTTGTTGG

Ttr63 CAGCTTACAGCCAAATGAGAG (CA)n 83-151bp 60 13 NED
GTTTCTCCATGGCTGAGTCATCA

Dde59 TACACAGCTTACTTACCTTACCAA (GATA)n 236-400bp 55 6 6-FAM
GTCCCTTTGAGCAGAGTTCTA

Dde65 GGTAGTCGTAGGGAAAGGGTA (CTAT)n 188-204bp 55 4 HEX
AGCAGCCCTAGCAACCTTATA

Dde72 TGCTCAACAGATTTCACACTT (CTAT)n 227-262bp 55 10 6-FAM
AAGGAAACAAAGTATCTGAGCA  

 

 
 
6.3 Results 
 
6.3.1 Mitochondrial DNA  
 
A total of 858 bp of mitochondrial DNA sequence (420 bp from the control region and 438 bp 
from the cytochrome B gene) were identified and aligned to compare variation in base pair 
sequences. In all, 27 polymorphic base pair sites were identified, which resulted in the 
definition of 11 different haplotypes (Table 6.3). The most common haplotype observed was 
  

Table 6.3. Polymorphic nucleotide sites across the cytochrome b and control region that 
define the 11 mitochondrial haplotypes resolved among the 46 bottlenose dolphin samples. 

Variable sites are given in relation to haplotype 1 and a dot indicates identity to this 
sequence. The frequency of occurrence in the putative population is provided.  
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Figure 6.2. Maximum likelihood phylogeny derived mitochondrial sequence data illustrating 
relationships between the 11 haplotypes identified among 46 dolphins. Haplotype numbers 
correspond to those given in Table 6.2. Bootstrap confidence indices (1000 replicates) are 

provided for internal nodes. The patterning next to each haplotype indicates in which 
sampling population(s) that sequence was found. 

 
 

haplotype 1, which was found in 34 of 46 individuals and across all populations. Other 
haplotypes were found only in particular populations – haplotypes 2, 3 and 6 in eastern 
Scotland; haplotypes 4 and 5 in western Scotland; haplotypes 10 and 11 in Ireland; and 
haplotypes 7 and 8 in Wales. Whilst small sample size precludes accurate estimation of 
population genetic structure from the distribution of individual haplotypes, the level of 
mitochondrial DNA variation (ST = 0.125; p<0.01) certainly reject the null hypothesis of 
random mating between individuals across all geographic areas studied. 
 
The evolutionary relationships between the individual haplotypes are displayed as a 
maximum-likelihood phylogeny in Figure 6.2. The phylogeny describes two main groups or 
clades, the first comprising haplotypes 1, 2, 3, 6, 8, and 11, and the second haplotypes 4, 5, 
9 and 11. 
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6.3.2 Microsatellite DNA 
 
No evidence could be found for a high incidence of null alleles at any locus, nor genotypic 
linkage disequilibrium between loci within population samples. Of the 45 Fisher exact 
probability tests undertaken to detect linkage, only two were significant (p<0.05), and these 
were scattered randomly across locus pairs. It is therefore valid to use the data generated 
using these microsatellite markers to assess levels of genetic structure among dolphin 
populations. 
 
Levels of genetic diversity within the four putative populations, measured by the number of 
alleles resolved at each locus, allelic richness and observed heterozygosity, are given in 
Table 6.4. The number of alleles resolved per locus across all populations ranged from 3-6 
(mean = 4.225) and allelic richness across all populations ranged from 2.16 – 4.1 (mean 
3.164). There was little variation in levels of genetic diversity among the putative populations 
with number of alleles ranging from 3.8-4.6, and observed heterozygosity ranging from 0.58 
– 0.61. The East Scotland sample had the highest diversity for both statistics. However, 
estimates of allelic richness, which control for the effects of different sample sizes, ranged 
from 2.83 – 3.78, and in this case East Scotland had the lowest value. 
 

Table 6.4. Genetic diversity as estimated at 10 microsatellite loci by the total number of 
alleles resolved, allelic richness (AR) and observed heterozygosity (Ho) within populations. 

 

 Ttr04 Ttr11 Ttr19 Ttr34 Ttr48 Ttr58 Ttr63 Dde59 Dde65 Dde72 Mean (± S.D)

ES No. alleles 6 4 3 7 5 2 7 4 4 4 4.60 (1.45)
n =25 AR 3.31 2.95 2.51 3.35 2.63 1.73 4.03 2.42 2.73 2.63 2.83 (0.89)

Ho 0.64 0.60 0.61 0.80 0.54 0.29 0.77 0.67 0.63 0.58 0.61 (0.19)

WS No. alleles 6 5 2 5 4 5 5 3 3 3 4.10 (1.30)
n =4 AR 4.93 5.00 1.75 5.00 3.50 4.39 4.39 2.93 2.93 3.00 3.78 (1.19)

Ho 0.75 0.67 0.25 0.67 0.75 1.00 0.25 0.00 0.75 0.67 0.58 (0.18)

Ire No. alleles 4 4 4 3 4 3 8 4 4 6 4.40 (1.39)
n =11 AR 3.20 3.10 1.82 2.27 2.75 2.66 4.46 3.04 2.90 4.04 3.02 (0.96)

Ho 0.63 0.67 0.18 0.50 0.36 0.90 0.73 0.64 0.78 0.70 0.61 (0.19)

Wal No. alleles 4 4 3 5 3 3 4 3 2 7 3.80 (1.20)
n =5 AR 3.07 3.07 2.57 4.17 2.47 2.50 3.50 2.20 1.99 4.60 3.01 (0.95)

Ho 0.80 0.80 0.60 1.00 0.20 0.50 0.50 0.40 0.40 0.80 0.60 (0.19)

5.00 (2.50) 4.25 (2.13) 3.00 (1.50) 5.00 (2.50) 4.00 (2.00) 3.25 (1.63) 6.00 (3.00) 3.50 (1.75) 3.25 (1.63) 5.00 (2.50)
3.63 3.53 2.16 3.70 2.84 2.82 4.10 2.65 2.64 3.57
0.70 0.68 0.41 0.74 0.46 0.67 0.56 0.43 0.64 0.69

Locus name

Mean No. alleles (± S.D)
Mean AR

Mean Ho per locus  
 
 
Patterns of genetic structure between these four populations were examined based on 
genetic similarities between individuals. Principle coordinates analysis was used to translate 
individual genotype data into genetic distances and plotted in 2-dimensional space (Figure 
6.3). The genetic similarity between individuals is proportional to euclidean distances 
between points. In principle, population structure among demographically independent 
populations should be highlighted by discrete clusters of individuals, each comprising 
samples collected from the same location. In this case, the distribution of points is clearly not 
random. For example, the samples taken from Eastern Scotland occupy a region to the left 
of the central axis of the principle coordinate plot. However, there is also clear overlap 
between the clusters of points from the different sampling locations, such that no putative 
population forms a discrete cluster isolated from any other individuals. Individuals from 
Wales are close to samples from Eastern Scotland, supporting previous inference (Parsons 
et al., 2002) that bottlenose dolphins on the east coast of Scotland are genetically more 
similar to those in Wales than to their geographically nearest neighbours on the west coast 
of Scotland. 
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Figure 6.3. Principle coordinate analysis indicating the genetic relationships among 45 
bottlenose dolphin individuals inferred from differences across 10 microsatellite loci. The first 

and second axes account for 28.06 % and 23.76 % of the total variance respectively. 
Symbols indicate the sampling location of each individual. 

 

 
 
Figure 6.4. Proportional membership for each bottlenose dolphin individual into four genetic 

clusters identified by Structure 2.1 (Pritchard et al., 2000). 
 
 
A suggestion of genetic structure, but a lack of clear distinction between the four putative 
populations is also apparent from the Structure-based analysis. This analysis was 
implemented to identify the number of genetically distinct groups from the entire dataset, and 
then apportion individuals to these respective groups. The most-likely number of genetic 
groups among samples (k) identified from the analysis was four, which matches the number 
of main sampling locations used in our study. However, these four groups did not match the 
four putative sampling populations (Figure 6.4). A proportion of individuals did have a high 
chance of being assigned membership to one particular genetic group, but individuals 
sampled from the same location were not necessarily assigned membership to the same 
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genetic group (Figure 6.4). Many individuals could not be ascribed into any one of the four 
genetic groups with any confidence. 

 
6.4 Discussion 
 
The data presented here highlight a level of population genetic structure among the resident 
populations of dolphins from East Scotland and West Scotland, and those in adjacent waters 
in Wales and Ireland. However, there appears to be insufficient genetic divergence to 
suggest that these are demographically isolated populations. At the same time, several of 
our analyses indicate that animals from these four areas do not form a single randomly 
mating population. First, the Structure-based analysis that aimed to identify the number of 
genetic groups represented by our data returned a most-likely estimate of four groups. 
Secondly, there was a heterogeneous distribution of mitochondrial DNA haplotypes among 
the putative populations (Figure 6.2). Thirdly, principle coordinate analysis produced an 
ordination profile that was not a random cluster of individuals as would be expected in the 
absence of genetic structure, but instead there was some grouping of individuals according 
to sampling location (Figure 6.3).  
 
That said, there are multiple reasons why these data cannot be viewed as indicative of 
isolated populations, and thus a lack of gene flow between the four regions represented in 
this study. Firstly, haplotypes did not assort according to geographic sampling location on 
the phylogenetic tree (Figure 6.2). Secondly, a single haplotype was the most frequent in all 
the sampled populations. Thirdly, sampling location was not a predictor of individual 
membership to any of the four genetic groups identified in the Structure analysis (Figure 
6.4). Instead, some individuals sampled from the same putative population had a high 
likelihood of belonging to different genetic groups, suggestive of movement between regions. 
In other cases, animals could not be assigned to any of the four populations with confidence, 
consistent with the effects of gene flow homogenising genetic structure. 
 
A motivation for this study was to expand and extend the initial survey of genetic structure 
based upon mitochondrial DNA sequence variation undertaken by Parsons et al. (2002). 
This previous survey used reduced genetic diversity within the Moray Firth area and 
significant differences in haplotype frequencies among sampling locations to conclude that 
the Moray Firth population was both demographically and geographically isolated. Whilst the 
precautionary principle would indicate that this conclusion was robust given the data, the 
survey was based on relatively few individuals and only upon mitochondrial DNA sequence 
variation within a shorter length of mitochondrial DNA than that used in the present study. 
Here we have also added a number of samples to this original survey, and incorporated an 
analysis of microsatellite DNA variation. Our data do not refute the overall conclusions of the 
Parsons et al. (2002) survey, in that there is a signature of genetic structure between 
locations. However, they do indicate that the populations are not isolated but instead 
exchange individuals over contemporaneous timescales. Differences between the present 
study and the Parsons et al. (2002) survey cannot be attributed solely to sex biased 
dispersal within the bottlenose dolphin populations, which go undetected when only 
mitochondrial polymorphisms are examined. In bottlenose dolphins, as expected for all 
mammals (Greenwood, 1980) and has been shown in other cetacean species (Hoelzel et al., 
2002), females show increased philopatry relative to males, resulting in higher levels of 
population genetic divergence for uniparentally inherited mitochondrial DNA markers relative 
to diparentally inherited nuclear equivalents. Here, genetic structure was apparent from both 
classes of marker, which is consistent with the findings of other studies on bottlenose 
dolphins that show reduced dispersal for both sexes (Natoli et al., 2004). 
 
Direct, field-based studies of identifiable individuals indicate that bottlenose dolphins have 
high levels of residency in the Moray Firth (Wilson et al., 1999), the Shannon Estuary 
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(Ingram, 2000) and Cardigan Bay (Pesante et al., 2008). However, even the longest of these 
studies, at around 20 years, approaches only a single generation time for a long-lived 
species such as the bottlenose dolphin. This, together with the low probability of detecting 
known individuals outside core-field sites means that the probability of directly detecting rare 
long distance movements is likely to be very low. Similarly, short term studies may provide a 
poor representation of population distributions occurring over longer ecological time-scales. 
For example, data collected over only a 10 year period suggest that individuals from the 
Moray Firth population of bottlenose dolphins expanded their range into areas to the south of 
the Moray Firth SAC (Wilson et al., 2004). Such range expansion has been explained by a 
change in resource availability in exploited areas (Wilson et al., 2004) and is consistent with 
the genetic data presented here, indicative of weak underlying structure being eroded by 
occasional dispersal. Further support for this conclusion has recently emerged, when 
dolphins were identified in photographs taken over a series of years in the Outer Moray Firth, 
the west coast of Scotland, and Ireland (Section 5, Cetacean Research & Rescue 
Unit/Hebridean Whale & Dolphin Trust/ Galway-Mayo Institute of Technology/University of 
Aberdeen, unpublished data).  
  

A major genetic partitioning among bottlenose dolphin populations appears to be between 
coastal (nearshore) and pelagic (offshore) ecotypes in both the north-west Atlantic and 
north-east Pacific (Hoelzel et al., 1998; Natoli et al., 2004; Wells et al., 1999). Coastal and 
pelagic ecotypes show inherently different signatures of both genetic diversity and 
population genetic divergence, with the latter showing increased heterozygosity and allelic 
richness, with reduced levels of between-population differentiation (e.g. Natoli et al., 2004; 
Quérouil et al., 2007). This was suggested to reflect independent founder events for resident 
populations in the Gulf of Mexico, Bahamas and a western north Atlantic coastal area, with 
the pelagic population representing the source populations. Populations in the eastern north 
Atlantic have a more complex structure and therefore may have experienced either multiple 
founder events or movements between nearshore resident populations (Natoli et al., 2004).  
 
A potentially confounding issue with the present study is in the use of stranded dolphins as a 
source of DNA and thus reduced confidence that the sampling location matches the true 
population provenance of that individual. This could potentially enhance levels of purported 
gene flow either between resident populations or between pelagic and nearshore ecotypes. 
That said, the detection of four genetic groups within the entire sample, described from 
individuals with no a priori information on sampling location, indicates that the overall 
conclusion of genetic structure is unlikely to be a consequence of erroneous structure 
caused by inherent ecotypic differences. 
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7 WINTER DISTRIBUTION OF BOTTLENOSE DOLPHINS 
USING THE MORAY FIRTH SPECIAL AREA OF 
CONSERVATION  
 
Authors: Cheney, B., Barton, T.R., Candido, A.T., Elwen, S., Hammond, P.S., Ingram, 
S., Phillips, C., Pope, A., Thompson, P.M., Weir, C.R. & Wilson, B. 

 
 

7.1 Introduction 
 
Previous studies of bottlenose dolphins in the inner Moray Firth indicate that dolphins occur 
within the SAC year-round, but that their abundance is lower during the winter months. Year-
round photo-identification surveys conducted between 1990 and 1993 indicated that two to 
three times as many individuals were observed on surveys conducted during the summer 
months (May-September) than during the winter (October-April) (Figure 3 in Wilson et al., 
1997). Analyses of the movements of individually recognisable dolphins also showed that 
those animals observed during the winter months tended to be seen further inshore, closer 
to Inverness, during the summer.  
 
Although this seasonal pattern was identified almost 20 years ago, the extent to which 
bottlenose dolphins move outside the Moray Firth SAC in winter remains uncertain. Poor 
weather conditions often make it difficult to conduct winter surveys in inshore areas, and 
even harder to survey offshore waters. Furthermore, there have subsequently been changes 
in the summer distribution of bottlenose dolphins that use the Moray Firth SAC, with a 
decline in the use of the inshore areas such as the Kessock Channel (Thompson et al., 
2000), and an apparent extension of the population’s range to the south (Wilson et al., 
2004). Since 1997, photo-identification surveys within the SAC have been restricted to the 
summer months, and it is therefore not known whether the seasonal patterns observed in 
Wilson et al.’s (1997) study still persist. 
 
A better understanding of seasonal variations in the dolphins’ use of the SAC, and of the 
areas that this population uses at other times of year is required to address a variety of 
conservation policy questions. For example, information on seasonal patterns of occurrence 
in key areas have previously informed the mitigation of potential impacts from coastal 
developments, and data on the extent to which dolphins move outside the SAC is vital for 
assessing the potential impact of more distant developments on the conservation status of 
the population that uses the SAC.  
 
The sixth, and final, objective of this study was to identify the winter feeding areas used by 
the bottlenose dolphin population that uses the Moray Firth SAC. This section of the report 
describes the work undertaken with the aim of addressing this question.  
 

 
7.2 Methods 
 
This part of the study focussed on Scottish territorial waters along the east coast of Scotland 
(Figure 7.1). Several approaches were used to better understand winter distribution in this 
area. First, we tested the use of aerial surveys over the SAC and adjacent waters to 
describe winter distribution patterns. Second, we conducted year-round photo-identification 
surveys within the SAC to compare the numbers of individual dolphins using the SAC in 
summer and winter. Third, we conducted winter photo-identification surveys along the east 
coast of Scotland to determine whether the dolphins that regularly use the SAC in the 
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summer months were detected on more distant coasts in winter. Finally, we used passive 
acoustic techniques to describe seasonal and spatial patterns of occurrence of dolphins 
within the SAC and along adjacent coasts.  
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Figure 7.1. East Scotland showing the east coast study sites. 
 
 

7.2.1 Aerial surveys 
 
Aerial surveys broadly followed the SCANS-II line-transect methodology (SCANS-II, 2008). 
Initially, we aimed to use Partenavia aircraft, with twin engines that would allow surveys to 
be conducted >1 km offshore, and a high wing design that facilitated observations. However, 
there are few aircraft of this design for hire in the UK and none in Scotland. Furthermore, 
surveys required good visibility and low sea state, which were both rare and unpredictable 
during the winter. In practice, it proved impossible to hire these aircraft at short notice for the 
relatively short surveys required for our study, especially as aircraft were in demand for 
larger scale surveys of birds that required less stringent weather windows. As an alternative, 
we carried out pilot surveys using an Inverness-based Cessna 172 during the winter of 
2006/7 (Figure 7.2). Because this was a single-engine aircraft, surveys could only be carried 
out within 1 km of the shore. Furthermore, surveys were limited in coverage because this 
aircraft’s licence required it to take off and return to Inverness, such that re-fuelling at more 
distant airports was not possible.  
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Surveys were made at an altitude of approximately 100 m and a speed of 100 knots. The 
survey route followed the coastline with two observers, one on each side of the aircraft, a 
pilot and one additional person taking notes. The aircraft’s position was recorded every 
minute on a GPS and sightings positions of all cetaceans observed were stored as 
waypoints. The environmental conditions including sea state (Beaufort scale), turbidity 
(ranging from 0 for clear water with animals visible several metres under the surface to 2 for 
turbid water where animals are only visible very close to the surface), cloud cover (octaves 
system where 0 is a clear sky and 8 is full cloud cover), glare sector (using clock sectors) 
and severity (from 0 for no glare to 3 for strong glare), and subjective conditions (view of the 
observer of whether, given all the conditions, they would observe a cetacean) were recorded 
at the start and end of the survey and when conditions changed. Sightings data, including 
date, time, GPS waypoint, species, number, number of calves and behaviour, were recorded 
whenever a cetacean was observed. 
 
 

 
 

Figure 7.2. Aircraft used for the aerial surveys. 
 
 

7.2.2 Photo-identification surveys within the Moray Firth SAC  
 
In winter, boat-based photo-identification surveys were conducted within the Moray Firth 
SAC following the same procedures that were used during the summer (see Section 4). The 
timing of survey effort was spread as evenly as possible through the period October to April 
of 2006/07 and 2007/08. Following each survey, photographs and survey data were 
integrated into the same process used to analyse summer photo-identification data (Section 
4).  
 
During these winter periods, photographs taken during land-based surveys at Chanonry 
Point were also supplied by Charlie Phillips of WDCS (see Section 5) and, for areas outside 
the SAC, by members of the public.  
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7.2.3 Photo-identification surveys beyond the SAC 
 
During the winters of both 2006/7 and 2007/8, surveys conducted by Aberdeen University 
from Cromarty also extended outside the SAC when conditions allowed. Furthermore, some 
photographs were supplied to the project by WDCS from surveys on board the Gemini 
Explorer made at the start and end of the winter (see Section 5).  
 
In 2007/8, additional photo-identification surveys were conducted along the Grampian coast 
and in St Andrews Bay. This work was intensified as a result of the logistic difficulties 
encountered whilst conducting aerial surveys in the first winter of the study (See 7.3.1). 
 
For this work, a mobile team of two researchers were based at the University of St Andrews, 
using the same approach developed for summer photo-identification studies on the west 
coast (see Section 4). As on the west, effort was also made to link in with local sightings 
networks, primarily through regional Sea Watch Foundation groups, so that survey work 
could be targeted in response to sightings from the public.  
 
During these winter periods, photographs from areas outside the Moray Firth were also 
supplied by WDCS, the Sea Watch Foundation and members of the public. 
 
7.2.4 Passive acoustic studies 
 
Timing Porpoise Detectors (T-PODs) (Figure 7.3), static acoustic monitoring devices, were 
used to provide data on seasonal patterns of occurrence of bottlenose dolphins at key sites 
around the east coast of Scotland. T-PODs incorporate a hydrophone, analogue processor 
and digital timing system that automatically logs the start and end of each echolocation click 
to 10 s resolution. In every minute, the T-POD runs six successive scans within different 
user-defined frequencies, logging detections for periods of up to five months. An 
accompanying software program is used to post-process the recovered data, detect 
characteristic click trains, and remove noises from other sources such as boat sonar (see 
www.chelonia.co.uk for details). Resulting data on the number of click trains recorded in 
each minute can be used to determine the presence or absence of target species in different 
time periods, or to identify the timing and duration of encounters with target species.  
 
In almost all cases, we used Version 4 and Version 5 T-PODs to detect echolocation click 
trains and processed all data using version 8.24 of the manufacturer’s software (version 4.1 
train filter). Following the manufacturer’s guidelines for use in areas where both harbour 
porpoises and bottlenose dolphins might be detected, T-PODs were configured to detect 
clicks from dolphins and porpoises on alternate channels. For dolphins, we set a target 
frequency of 50 kHz and a reference frequency of 70 kHz. For porpoises, we set a target 
frequency of 130 kHz and reference of 92 kHz. 
 
In the latter stages of the study, we also deployed three Version 0 C-PODs, a recently 
developed digital version of the T-POD (see www.chelonia.co.uk for details). These were 
deployed at the two more offshore sites in Block 17/3 and the coastal site at Culbin during 
the summer of 2008 (see Figure 7.4). Theoretically, C-PODs are more sensitive than T-
PODS, but no data are yet available to assess the extent to which this affects detection 
probability. 
 
Previous studies both in the Moray Firth (Bailey et al., 2010) and Ireland (Philpott et al., 
2007) have confirmed that T-PODS can successfully detect bottlenose dolphins at distances 
of 900-1250m. Combined visual and acoustic studies in the mouth of the Cromarty Firth 
further showed that T-PODs detected all groups of dolphins that spent at least 30 mins in the 
area (Bailey et al., 2010), suggesting that the technique can be used for determining 
presence or absence of dolphins at hourly sampling scales. 
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Figure 7.3. A Timing Porpoise Detector (T-POD). 
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Figure 7.4. Locations of the T-POD deployment sites between June 2006 and April 2009 
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Figure 7.5. Diagram of the basic T-POD mooring (lengths of ropes varied with depth of water; on occasion a different mooring, with another 
riser mid way along the weighted ground line, was used to simultaneously deploy two T-PODs and some new moorings were deployed in 2007 

which included additional ropes to aid retrieval). 
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self-colour chain 
with stainless 
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However, it must be noted that both T-PODs and C-PODs are currently unable to distinguish 
among dolphin species and so it cannot be concluded with certainty that all dolphin 
detections are from bottlenose dolphins unless confirmed by visual sightings. The second 
caveat is that these detectors cannot be used to infer how many dolphins are present nor 
can they register non-calling dolphins.  
 
For this study, we deployed T-PODS at a total of 18 sites in the Moray Firth and along the 
east coast of Scotland (Figure 7.4). At nine of these sites, T-PODs were deployed 
throughout 2007 and 2008, and into the spring of 2009. Sampling duration at the remaining 
sites varied, but generally aimed to cover at least one summer and one winter. The 
exceptions were deployments in oil Blocks 17/7 and 17/3 which were made only in the 
summer of 2008 as part of a related contract from Marine Scotland.  
 
At coastal sites, T-PODs were moored about one metre above the bottom, in approximately 
15 m of water (Figure 7.5). Water depth at more offshore sites was up to 45 m. 
 

 
7.3 Results 
 
7.3.1 Aerial surveys 
 
Two aerial surveys were conducted on the 2 March and 4 April 2007 (Figure 7.6). The first 
survey covered the coastal strip from Inverness to North Berwick, with a return to Inverness 
over land and then a further trip north along the coast to Brims Ness on the north Caithness 
coast and a return over the same route. The second survey was conducted along the coast 
from Inverness to Fife Ness with a return on the same route, followed by a survey from 
Inverness to Wick. Although the return of the April survey was on the same route, this was 
off-effort because the sea state had increased to more than Beaufort 3.  
 
Six bottlenose dolphin groups were encountered during these surveys, all in areas known to 
be used by this population during the summer (Figures 7.6 and 7.7).  
 
The logistical restrictions associated with winter aerial surveys, the absence of new 
information along the coast (confirmation only of summer distribution) and the inability to 
obtain any information offshore led to a decision to abandon aerial survey in favour of other 
methods to obtain more useful data on winter distribution and possible feeding areas in 
2007/8. 
 
7.3.2 Photo-identification surveys within the Moray Firth SAC  
 
Twelve and seventeen surveys were made within the Moray Firth SAC during the winters of 
2006/7 and 2007/8 respectively (Table 7.1; Figure 7.8). Dolphins were encountered on 58% 
of surveys in 2006/7 and 65% of surveys in 2007/8. The location of these encounters is 
shown in (Figure 7.9.) Data were also made available from five encounters at Chanonry 
Point (Table 7.1). 
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Figure 7.6. Tracks of aerial surveys flown on the east coast during March and April 2007. 
The red dots indicate the location of sighted bottlenose dolphins. 

 

 
 

Figure 7.7. A sighting of bottlenose dolphins during the east coast aerial surveys. 
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Table 7.1. Details of the winter photo-identification surveys carried out within the Moray Firth 
SAC. Boat-based surveys were carried out from the University of Aberdeen Lighthouse Field 

Station and land-based data were provided by Charlie Phillips of WDCS. 
 

 
 Number of 

Surveys 
Survey Effort 

(hours) 
Number of 
Encounters 

Boat- based surveys 
Winter 06/07 12 46 9 
Winter 07/08 17 73 16 
    
Land-based surveys  
Winter 06/07 2 6 2 
Winter 07/08 3 9 3 
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Figure 7.8. Routes taken during the boat surveys conducted within the Moray Firth SAC 
during the winters of a) 2006/7 and b) 2007/8. 
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Figure 7.9. Distribution of encounters with bottlenose dolphins during boat surveys 
conducted within the Moray Firth SAC during the winters of 2006/7 (circles) and 2007/8 

(triangles). 
 
7.3.3 Photo-identification surveys ouside the SAC 
 
During the winters of 2006/7 and 2007/8, 39 surveys were done in waters outside the Moray 
Firth SAC (eight in 2006/7 and 31 in 2007/8) (Table 7.2). Routes for these surveys are 
shown in Figure 7.10, and the locations of all encounters with dolphins are shown in Figure 
7.11.   
 

Table 7.2. Details of the winter photo-identification surveys on the east coast of Scotland 
that were conducted outside the Moray Firth SAC.  

 
Area Number of 

Surveys 
Survey Effort 

(hours) 
Number of 
Encounters 

Outer Moray Firth 
Winter 06/07  8  26 7 
Winter 07/08  6  29 6 
    
Grampian Coast 
Winter 07/08 20 90 19 
    
St Andrews Bay 
Winter 07/08 5 23 0 
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Figure 7.10. Routes taken during the boat surveys conducted outside the Moray Firth SAC 
during a) the winters of 2006/7 and b) 2007/8 (GPS data are not available for the routes of 

surveys made by external groups). 
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Figure 7.11. Distribution of encounters with bottlenose dolphins during boat surveys 
conducted outside the Moray Firth SAC during the winters of 2006/7 (circles) and 2007/8 

(triangles). 
 
7.3.4 Seasonal variation in the abundance and distribution of individually marked 
dolphins  
 
In total, 101 different well-marked animals were photographed on the east coast of Scotland 
during the summer and winter surveys (Table 7.3). Three of these individuals only acquired 
nicks during the final winter of the sudy and so were not recorded previously. 
 
Of the 98 well-marked individuals recorded during the summer seasons, 66 (67%) were also 
seen during winter surveys. Fifty-four of these well-marked individuals were animals that 
were recorded within the Moray Firth SAC during at least one of the summer seasons, and 
50 (93%) of these dolphins were recorded in at least one of the three study areas during 
winter surveys.  
 
Mark-recapture analyses using the Mth model were used to estimate the number of dolphins 
using the SAC during the winter field seasons of 2006/7 and 2008/9. As in summer (see 
Section 4), this was calculated using high quality pictures of well-marked individuals. The 
estimated abundance of bottlenose dolphins within the Moray Firth SAC was 48 individuals 
(95% CI 46-64) in the winter of 2006/7 and 65 individuals (95% CI 59-90) in the winter of 
2007/8.  
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Table 7.3. Summary of where each of the well-marked individuals from the east coast were 
recorded in each of the summer and winter field seasons 

 
 

IDS SAC
OUTER MORAY 

FIRTH
GRAMPIAN + 

FIFE SAC
OUTER MORAY 

FIRTH GRAMPIAN SAC
OUTER MORAY 

FIRTH
GRAMPIAN + 

FIFE SAC
OUTER MORAY 

FIRTH GRAMPIAN
Community 1

1 1 1 1 1 1 1
3 3
4 4 4 4 4
8 8 8 8 8 8 8 8 8
11 11 11 11 11 11 11 11
20 20 20
42 42 42 42 42 42 42 42
44 44 44
49 49 49 49 49 49 49 49 49
52 52 52 52 52 52 52
53 53 53
60 60 60 60 60
61 61 61 61 61 61

64 64 64 64 64 64
68 68 68

102 102 102 102 102 102 102 102 102 102
116 116 116

124 124 124
125 125
129 129 129 129 129 129 129
137 137 137 137 137 137
157 157 157 157 157 157 157 157

209 209 209 209 209
210 210 210 210 210 210 210
227 227 227
234 234 234 234 234 234 234

307 307 307 307 307 307 307 307
323 323 323
344 344 344 344
430 430 430 430 430 430 430

435 435 435 435 435 435 435 435

589 589 589 589 589
745 745 745 745 745 745 745 745 745 745
760 760 760 760 760 760 760
769 769 769 769 769
773 773 773 773 773
774 774
788 788 788 788 788 788
800 800 800 800 800 800 800
816 816 816 816 816

817 817 817 817 817 817
818 818 818 818 818 818
820 820 820 820 820 820 820

856 856 856 856 856 856
885 885 885 885 885 885 885
901 901 901 901 901 901 901
903 903 903 903
904 904 904 904 904 904 904

908 908 908 908 908 908
914 914 914 914 914
923 923 923 923 923 923 923 923 923
964 964 964 964

967 967 967 969

969 969 969 969

985 985 985
Community 2

22 22 22 22 22 22
23 23 23 23 23

30 30 30
31 31 31 31 31 31

36 36 36 36 36 36

79 79 79 79

105 105 105 105 105 105
192 192 192 192 192

357 357 357 357

571 571 571

573 573 573 573 573 573

578 578 578 578 578

580 580 580 580 580 580

672 672 672 672 672

744 744 744 744 744 744

815 815 815 815 815

866 866 866 866

880 880 880 880
907 907 907 907 907 907

965 965 965 965 965
Not Assigned

881 881 881 881
882 882 882 882
886 886 886 886 886 886 886
991 991 991 991 991

1007 1007
1013 1013 1013
1026 1026 1026
1027 1027 1027 1027

1028 1028 1028 1028
1029 1029 1029 1029
1032 1032 1032
1037 1037 1037

1038 1038 1038
1039 1039 1039
1042 1042
1046 1046 1046

SA 033 SA 033 SA 033
SA 041 SA 041 SA 041
SA 042 SA 042 SA 042
SA 045 SA 045 SA 045
SA 048 SA 048
SA 054 SA 054 SA 054
SA 069 SA 069 SA 069
SA 082 SA 082
SA 095 SA 095
NI_68 NI_68

Summer 2006 Winter 06/07 Summer 2007 Winter 07-08
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7.3.5 Passive acoustic studies 
 
Data were successfully recovered from all but one site for at least six months (Table 7.4). 
Gaps in the data resulted from loss of T-PODS, battery failure and a T-POD being trawled 
up.  
 
Table 7.4. Availability of T-POD and C-POD data from different east coast sites (Black cells 
represent data available, white cells represent no data). All data are from T-PODs with the 

exception of data from Block 17/3 and Culbin in the summer of 2008 (C-PODs). 
 

J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A
Arbroath
Beatrice
Block 17/3 (1)
Block 17/3 (3)
Block 17/7
Brora
Chanonry
Cruden Bay
Culbin
Fife Ness
Helmsdale
Kessock
Lossiemouth
Nairn
Spey Bay
Stonehaven
Sutors
Tarbat Ness

2006 2007 2008 2009

 
 
Dolphins were detected on T-PODs and C-PODs from all sites, but their frequency of 
occurrence in different areas differed markedly. The most detailed information on this spatial 
variation in occurrence was obtained in 2008, when data were available from 17 sites 
distributed across the SAC and south to Fife Ness (Table 7.5). Figure 7.12 illustrates this by 
summarising the proportion of days on which dolphins were detected at each of these sites 
during the summer (May-September) and winter (January-April and October-December) of 
2008. 
 
Table 7.5. Availability of T-POD and C-POD data from different east coast sites for summer 

and winter 2008. 
 

Location No. of 
summer 

working days 

No. of winter 
working days 

Location No. of 
summer 

working days 

No. of winter 
working 

days 
Arbroath 153 213 Helmsdale 105 59 
Block 17/3 (1) 105 40 Kessock 153 213 
Block 17/3 (3) 105 48 Lossiemouth 153 213 
Block 17/7 105 59 Nairn 48 92 
Brora 153 207 Spey Bay 153 213 
Chanonry 139 213 Stonehaven 153 213 
Cruden Bay 153 85 Sutors 153 173 
Culbin 25 0 Tarbat Ness 153 158 
Fife Ness 153 210    



 

 79

a)   b)  
Figure 7.12. Occurrence of bottlenose dolphins around the east coast of Scotland a) in summer and b) in winter of 2008. 

Pie charts show the proportion of dolphin positive days at a number of key sites around the east coast of Scotland
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Year-round data for 2007 and 2008 were available from nine sites. Comparison of data from 
these sites indicated that, in both summer and winter, this spatial variation in the occurrence 
of dolphins remained highly consistent between these two years (Figure 7.13).  
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Figure 7.13. Inter-annual comparison of the proportion of days in which dolphins were 
present at the nine sites where year-round data were available for both 2007 and 2008 

(Arbroath, Chanonry, Fife Ness, Kessock, Lossiemouth, Spey Bay, Stonehaven, Sutors & 
Tarbat Ness). Data are presented a) for summer (May-Sept) and b) for winter (Jan-April and 

Oct-Dec). Pearson correlation for summer 2007 vs summer 2008 is 0.967, p <0.001. 
Pearson correlation for winter 2007 vs winter 2008 = 0.91, p < 0.01.  
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At ten sites (six sites within the Moray Firth SAC and four sites outside the SAC), data were 
available from the winters of 2006/7 and of 2007/8, and at least one summer. These data 
were used to explore seasonal patterns of occurrence in more detail. In Figure 7.14, data are 
presented on the proportion of days that dolphins were detected in each month at the sites 
within the SAC. As expected, detections in the Kessock Channel, Chanonry Narrows and 
Sutors showed a peak in detections during the summer months. However, dolphins were 
also regularly detected in many winter months; particularly within the Sutors where dolphins 
were present on >50% days in all months except January, February and March. Even during 
January to March, dolphins were typically detected on >25% days in each month. Elsewhere 
within the SAC, a seasonal summer peak in occurrence was also seen at Lossiemouth. 
Detections at Tarbat Ness and Brora, coastal sites in the northern part of the SAC, were 
generally lower. However, in contrast to the sites in the inner Moray Firth and Lossiemouth, 
detections tended to be higher in the winter months than in summer.  
 
Outside the SAC, detection rates were highest at Spey Bay on the southern Moray Firth 
coast, and Stonehaven on the Grampian coast (Figure 7.15). Detections at both of these 
sites also showed a summer peak. The two more southern sites showed lower detection 
rates. At Fife Ness there was a slight summer increase in detections in the summer months, 
but Arbroath showed no clear seasonal pattern. 
 
A formal comparison of winter and summer detections at these sites was made using Chi-
squared analysis. At each site, we used data from all available years to compare the number 
of days with and without dolphin detections in summer (May-September) and winter 
(January-April and October-December) (Table 7.6). Dolphins were detected on significantly 
more days in the summer at seven sites; Kessock, Chanonry, Sutors, Lossiemouth, Spey 
Bay, Stonehaven and Fife Ness. At Tarbat Ness and Brora, there was a significant increase 
in the number of days that dolphins were detected during the winter months. No significant 
seasonal difference was found at Arbroath.  
 
 
 
Table 7.6. Summary of Chi-square test comparing the proportion of dolphin positive days in 
combined summers (May-Sept) and winters (Jan-Apr, Oct-Dec) from T-PODs and C-PODs 
around the east coast of Scotland. N = the total number of days sampled, p = proportion of 

days in which dolphins were detected. 
 

Area Winter Summer Chi-Sq DF P-Value 
 N p N p    

Arbroath 514 0.24 306 0.26 0.320 1 0.571 
Brora 371 0.19 192 0.09 10.145 1 <0.01 
Chanonry 637 0.32 398 0.79 216.110 1 <0.001 
Fife Ness 511 0.14 306 0.25 17.049 1 <0.001 
Kessock 607 0.14 403 0.23 14.171 1 <0.001 
Lossiemouth 567 0.30 420 0.49 39.239 1 <0.001 
Spey Bay 582 0.22 399 0.64 177.973 1 <0.001 
Stonehaven 516 0.26 306 0.62 109.271 1 <0.001 
Sutors 562 0.56 377 0.94 161.821 1 <0.001 
Tarbat Ness 518 0.17 409 0.07 19.172 1 <0.001 
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Figure 7.14. The average proportion of dolphin positive days in each month (+/- SE) for T-

POD sites within the Moray Firth SAC. 
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Figure 7.15. The average proportion of dolphin positive days in each month (+/- SE)  
for T-POD sites outside the Moray Firth SAC. 

 
 
 
 

7.4 Discussion 
 
Bottlenose dolphins in the early 1990s appeared to use the inner Moray Firth (Moray Firth 
SAC) less in winter (October to April) than in summer (May to September) (Wilson et al., 
1997). The exact nature of this reduction in use was unclear although fewer individual 
dolphins were encountered per unit survey effort and the distribution of dolphins within the 
area appeared to change, with the bulk of winter sightings retracting towards the SAC 
seaward boundary (Wilson et al., 1997). At the time of these studies there was little 
information on the distribution of dolphins outside of the SAC in summer or winter.  
 
The current study set out to explore whether similar seasonal changes in dolphin abundance 
in the inner Moray Firth have continued in recent years and to explore methods to identify 
which other areas the dolphins use at this time of year. Dolphin distribution and abundance 
in winter has been particularly understudied in the years since the 1990s, primarily because 
of the generally poor or unpredictable weather conditions coupled with the shortness of 
winter days requiring particularly intensive efforts. However, knowledge of the distribution in 
winter remains an important data gap and so we devoted particular efforts into improving 
current information.  
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To do this, a variety of methods were applied in the winters of 2006/07 and 2007/08. These 
ranged from a seasonal extension of the approaches used in summer (i.e. boat-based 
photo-identification surveys) to two not-previously tested methods with the scope for wider 
spatial coverage (aerial surveys and moored echolocation click detectors, T-PODs).  
 
Though none of these methods provided definitive information on the winter distribution of 
the entire east of Scotland dolphin population, the data that each method independently 
provided were broadly consistent. Boat surveys and shore watches in and outside of the 
SAC confirmed that dolphins occur in winter in areas where they are regularly seen in 
summer. Sightings rates were generally lower in winter than in summer and were entirely 
absent in St Andrews Bay despite 23 hours of survey effort. Other areas of the inner and 
outer Moray Firth and Aberdeenshire coast consistently delivered around 0.2 sightings for 
every hour of survey effort. Shore-based watches in the inner Moray Firth were comparable 
delivering around three sightings for every hour of effort.  
 
Photo-identification effort in winter continued to identify dolphins known from summer 
surveys and no new animals were identified. Mark-recapture estimates of well-marked 
animals identified during the summer and winter surveys of 2006-2007 further reinforced the 
picture gathered from the simpler sighting rate statistics from boat surveys and shore 
watches. The mark-recapture estimates suggest that between around 25% (2007) and 45% 
(2006) fewer individual dolphins used the SAC in winter compared with summer. 
 
For safety reasons, the two aerial surveys that were conducted ran along only the coastal 
margins of eastern Scotland and could not go further than 1 km from land. They therefore 
covered almost the entire known summer range of the east coast dolphin population as well 
as coastal waters northwards towards the Pentland Firth where less is known about 
bottlenose dolphin occurrence. All six groups encountered were well within the known range 
of the summer distribution pattern with sightings concentrated within the inner Moray Firth 
and waters to the south of Aberdeen. These surveys confirmed the presence of dolphins in 
these sites and did not discover any groups in waters north of the SAC. While the 
unavailability of suitable planes precluded surveys offshore, it still remains unclear where 
any offshore effort should be concentrated. Instead of pursuing the possibility of carrying out 
offshore surveys, effort was redirected into the boat surveys and maintaining a network of 
acoustic recorders.  
 
The use of T-PODs and C-PODs was a new method applied to Scottish bottlenose dolphins 
to investigate seasonal distribution. The effort needed to maintain and service a network of 
PODs was not inconsiderable and a variety of factors led to the complicated temporal-spatial 
pattern of monitoring data that they produced. However, the data resulting from the eighteen 
monitoring stations represent one of the most extensive applications of these new 
techniques to study dolphin population movements anywhere in the world.  
 
The picture that the POD data provides is relatively complex but reveals three important 
features of the population’s spatial use. The first is that dolphins were detected on all PODs 
both within and outside the Moray Firth SAC. The second is that the frequency of dolphin 
records was not even throughout the study area. All of the apparent “hot-spots” were in 
areas previously known from visual surveys to be regularly used by dolphins. Thirdly, 
occurrence patterns were broadly similar between summer and winter, in both 'hot spot' and 
low-use areas. However, detection rates in high-use areas dropped considerably below the 
summer detection rate of at least every second day. However, some low-use areas such as 
Tarbat Ness did appear to be more used in winter.  
 
Though PODs were informative in this study, there are several caveats that need to be 
considered. The first is that these devices are currently unable to distinguish among dolphin 
species. Of the other species that occur off eastern Scotland, the white-beaked dolphin 
(Lagenorhynchus albirostris) and common dolphin (Delphinus delphis) are the most likely to 
have been recorded by PODs. Less is known about the occurrence and distribution of these 
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species though sightings do suggest that some of the acoustically logged dolphin present off 
the outer Moray Firth and Grampian coast could have been contributed by these species. 
The distribution of white-beaked dolphins is generally much further offshore than bottlenose 
dolphins but sightings close to shore do occur regularly in some areas particularly in summer 
(Weir et al., 2007). Therefore, while it is likely that most winter detections in inshore waters 
along the east coast of Scotland are of bottlenose dolphins, it should be acknowledged that 
a small, but unknown, proportion may be of other species. The second caveat is that these 
recorders log dolphin calls but the data cannot be used to infer how many dolphins were 
present nor can they register non-calling dolphins. Thus the data on dolphin presence only 
confirm that one or more dolphins were in the area and the absence of records does not 
mean that dolphins were not present.  
 
Combining information from all four methods (boat, shore, aerial and acoustic) inside and 
outside of the SAC provides several important insights into the winter distribution of the 
population.  
 

 The pattern of reduced winter abundance in the inner Moray Firth that was observed 
in the early 1990s appears to have been conserved to the present time. Furthermore, 
other areas of high dolphin occurrence in the outer Moray Firth and eastern coasts to 
the south (Spey Bay, Aberdeen and St Andrews Bay) appear also to be used less in 
winter.  

 
 Areas known to be used by dolphins in the summer continued to be used in winter.  

 
 No new areas were discovered that were used by dolphins in winter that were not 

used in summer. It should be noted, however, that the power of this study to detect 
significant new areas of use was low, particularly in offshore areas.  

 
This final point raises a difficult question. At the start of this study and throughout, there were 
no indications (anecdotal or otherwise) of potential places that dolphins went in winter, 
outside of their known summer ranges. We have ascertained that dolphins continue to use 
their entire known summer range in winter, but with apparently lower rates of occupancy. 
The most obvious explanation is that the population further increases its range in winter to 
other areas yet unknown. Without some indication of where those areas might be it has 
proved extremely difficult to target sufficient search effort to find them. In addition, there is 
another possibility: that the dolphins maintain their summer range but change their behaviour 
sufficiently that they are harder to detect. The most obvious way for this to occur would be by 
increasing their group sizes. This would produce lower visual sightings rates and lower rates 
of dolphin-positive days on the POD recorders. Some evidence does suggest that dolphins 
increase their group sizes in winter but the mark-recapture estimates of dolphin numbers in 
the inner Moray Firth in winter suggest that this factor alone cannot entirely explain apparent 
reduced occupancy rates.  
 
The studies outlined in this section considerably improve our knowledge of dolphin 
behaviour and distribution in winter but it remains unclear whether dolphins extend their 
range into other eastern Scottish seas (in general or to new “hot-spots”) in winter or simply 
maintain their range but change their behaviour. Several options for further winter field 
campaigns to fill this data gap are explored in the next section. 
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8 CONCLUSIONS & RECOMMENDATIONS 
 
 

 8.1 Distribution and abundance of bottlenose dolphins in Scottish 
coastal waters 
 
The combination of dedicated photo-identification studies (Sections 4 and 5) and third party 
reports of sightings (Section 3) suggest that a relatively small number of bottlenose dolphins 
(200-300 individuals) occur regularly in Scottish coastal waters. Multi-site mark recapture 
estimates indicate that the numbers on the east coast are approximately five times higher 
than those on the west coast. On both coasts, re-sightings of identifiable individuals indicate 
that the animals recorded during our surveys in 2006 and 2007 have been using these 
coastal areas since studies began in 1989 on the east coast (Table 4.3) and 1995 on the 
west coast (Table 4.4).  
 
There have been relatively few reports of bottlenose dolphins on the north coast of mainland 
Scotland or around Orkney and Shetland (Figures 2.1, 2.5 and 2.7) and most of these are 
sightings from the public (Figure 2.5) where there is less certainty over species identification. 
Despite efforts to solicit additional reports from the north coast (Section 3), only one sighting 
was reported from this area during the period of our study (Figure 3.7). Although we were 
unable to target surveys in this area to obtain any photo-identification pictures, photographs 
submitted by members of the public in 2008 (Figure 3.8) confirmed that individuals from our 
west coast photo-identification catalogue were subsequently recorded on the north coast. 
The number of animals using this area therefore appears to be low, but further investigation 
of the occurrence of dolphins on this coast may now be justified given recent evidence of 
movement between east and west coasts (Sections 5 and 6) and the strategic importance of 
this area for marine renewable energy developments 
 
Previous studies of bottlenose dolphins in Scottish coastal waters have focussed on the east 
coast population, particularly in the Moray Firth. The integration of photo-identification data 
collected by all research groups working on this population (Section 5) has provided an 
abundance estimate that was higher than previous estimates for this population (Wilson et 
al., 1999). Variations in survey coverage, analytical frameworks and the underlying 
distribution of the dolphin population (Wilson et al., 2004) mean that it is not currently 
possible to determine why this new estimate is higher. It could be because survey design in 
the earlier studies resulted in an estimate that was negatively biased, or because of 
differences in the mark-recapture model used for the two estimates, or because the 
population has increased over the last two decades. 
 
Recommendation 1: Additional analyses should be undertaken to explore the differences 
between abundance estimates. These should include an assessment of whether additional 
survey effort on the Aberdeenshire and Fife coast has resulted in more effective sampling of 
a section of the population that had been under-sampled in previous years.  
 
Recommendation 2: A more detailed assessment of population trends, both for animals 
using the SAC and for the whole population, should also be undertaken. In particular, priority 
should be given to updating the population model developed by Corkrey et al. (2008) to 
include new data from 2003-2009.  
 
 

8.2 Links with offshore and other coastal populations 
 
This estimate of just 200-300 bottlenose dolphins in Scottish coastal waters contrasts with 
the order of magnitude larger estimates of offshore animals that have been obtained through 
large scale surveys such as SCANS-II (Section 5). The relationship between offshore groups 
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and those occurring in coastal waters remains uncertain, although more detailed studies in 
the north-west Atlantic suggest that inshore and offshore populations are ecologically and 
genetically discrete (Hoelzel et al., 1998). Nevertheless, some offshore animals may 
occasionally strand on Scottish coasts and this is a potential confounding factor when using 
samples from stranded individuals to explore population structure (Section 6). Early records 
of bottlenose dolphin in Orkney describe animals that were killed or stranded alongside 
groups of pilot whale (Buckley & Harvie-Brown, 1891), suggesting that some more northerly 
records may relate to the occasional incursion of offshore groups into coastal waters.  
 
Analyses of photo-identification data from multiple studies have also shown that coastal 
bottlenose dolphins can make long-distance movements between the east and west coast of 
Scotland (Section 5), and further exchange between Scottish and Irish waters has recently 
been revealed (Robinson et al., 2009). Whether these movements represent exchange 
between different coastal communities or interaction with more widely ranging offshore 
animals remains uncertain, but this finding suggests that it would be worthwhile to conduct a 
more complete comparison between photo-identification catalogues from Scottish and other 
European waters. Importantly, this finding also highlights the value of maintaining long-term 
research effort in each of these areas. Without the long-term archives available through 
previous projects, these rare movements would not have been detected. However, 
considerable resources would be required to maintain long-term photo-identification studies 
across Scottish coastal waters, and monitoring programmes of this kind are only likely to be 
sustainable if they are integrated into broader research projects, education programmes or 
ecotourism operations.  
 
Recommendation 3: Investigations of long-distance movements should be extended 
through systematic comparisons between Scottish photo-identification catalogues and those 
resulting from studies in areas such as Cardigan Bay, Ireland and France.  
 
Recommendation 4: There should be a strategic review of the options for maintaining 
photo-identification studies of Scottish coastal bottlenose dolphins. Particular emphasis 
should be placed on the consolidation of the work conducted on the west coast of Scotland 
to complement the long-term studies that have been sustained on the east coast.  
 
Recommendation 5: There should be continued effort to archive DNA samples from 
stranded and by-caught dolphins from the Scottish coast and periodically update molecular 
analyses that can improve our understanding of the relationships between different coastal 
communities, and between inshore and offshore groups.  
 
 

8.3 Integrating public sightings into research  
 
The study has highlighted the value of using sightings data from the public to better 
understand the distribution and movement of bottlenose dolphins, especially within more 
remote Scottish coastal waters (Sections 3 and 4). The provision of high quality digital 
photographs in association with sightings reports has provided particular benefits, as this 
has supported individual-based photo-identification studies.  
 
Recommendation 6. Approaches for maintaining a public reporting scheme throughout the 
west and north coasts should be reviewed, with particular focus on the most appropriate way 
of encouraging the submission of photographs for continuing photo-identification studies in 
these areas.  
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8.4 Monitoring changes in dolphin occurrence in key areas  
 
The study’s use of passive acoustic monitoring (PAM) has provided useful insights into 
geographic and seasonal variation in occurrence of dolphins, and these techniques can 
provide similar data on harbour porpoise. Although there remains uncertainty on the species 
of dolphins detected, these relatively easily collected data can support more intensive visual 
studies that provide data on species identification. The use of PAM can be particularly cost-
effective where deployment and recovery of PODs is integrated into other programmes using 
static monitoring equipment. 
 
Recommendation 7: Consideration should be given to developing a network of passive 
acoustic monitoring sites in Scottish coastal waters. This coastal observatory could include 
monitoring sites within the Moray Firth SAC, core-areas identified during 2006 and 2007 
fieldwork on the west coast (e.g. the Sound of Barra and waters around Mull) and at sites 
where particular policy requirements are identified (e.g. on the north coast). When scoping 
potential sites, it would be valuable to review the potential for integrating PAM into other 
long-term marine monitoring programmes in Scottish waters such as the FRS 
Stonehaven/Loch Ewe Ecosystem monitoring and the CEFAS Wavenet network. 
  
 

8.5. Science and policy 
 
The study has increased our understanding of the distribution, abundance and movement 
rates of bottlenose dolphins in Scottish coastal waters. It is now important to achieve 
consensus on the policy implications of these findings and to identify where additional 
research can support current and emerging policy issues. 
 
Recommendation 8: A workshop should be convened to disseminate the project’s results to 
key stakeholders and policymakers. This workshop should also be used to discuss the 
implications of these results for the designation and management of SACs, as well identify 
emerging policy issues and requirements for further research on Scottish coastal bottlenose 
dolphins. 
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