COMMISSIONED REPORT

Commissioned Report No. 079

Moray Firth bottlenose dolphin
monitoring strategy options
(ROAME No. F02AA409)

For further information on this report please contact:
Dr. Graham Saunders
Maritime Group
Scottish Natural Heritage
2 Anderson Place
EDINBURGH
EH6 5NP
Telephone: 0131-446 2400
E-mail: graham.saunders@snh.gov.uk
This report should be quoted as:
Thompson, P. M, Lusseau, D, Corkrey, R. and Hammond, P. S. (2004). Moray Firth bottlenose dolphin
monitoring strategy options. Scottish Natural Heritage Commissioned Report No. 079 (ROAME
No. F02AA409).

This report, or any part of it, should not be reproduced without the permission of Scottish Natural Heritage.
This permission will not be withheld unreasonably. The views expressed by the author(s) of this report should
not be taken as the views and policies of Scottish Natural Heritage.
© Scottish Natural Heritage 2004.

COMMISSIONED REPORT

Summary
Moray Firth bottlenose dolphin
monitoring strategy options
Commissioned Report No. 079 (ROAME No. F02AA409)
Contractor: University of Aberdeen, Lighthouse Field Station
Year of publication: 2005

Background
Bottlenose dolphins are listed in Annex II of the E.U. Habitats Directive, and the Moray Firth cSAC is one of two UK
areas that have been proposed as part of the Natura 2000 network for this species. To determine whether current
management is achieving the desired condition of the feature(s) of interest, Scottish Natural Heritage (SNH) is
responsible for establishing a monitoring programme to determine the status of the population within the cSAC.
In November 2003, University of Aberdeen was contracted by SNH to develop detailed options for a strategy for
monitoring and subsequent reporting of the status of the bottlenose dolphins in the Moray Firth cSAC. We were
asked, first, to review all currently available information relating to the Moray Firth bottlenose dolphin population
and, second, to explore the costs and benefits of a range of different monitoring and reporting methods.

Main findings
A review of existing data highlighted that the population of bottlenose dolphins using the Moray Firth cSAC is small,
isolated, and displays evidence of limited genetic variability. Although there is uncertainty about current trends in
abundance, there is a long time-series of survey data available, and data on levels of strandings, to provide a basis
for future assessments of the condition of the population. Alongside this information on abundance, there is good
information on both fine and broad scale patterns of distribution, and these data have detected changes in
distribution at both scales over the last decade.
The report compares the strengths and weaknesses of fixed point sampling, line-transect sampling and mark-recapture
analysis for estimating changes in dolphin abundance. We recommend that photo-identification and mark-recapture
analyses will provide the most cost-effective and reliable method for estimating the abundance of bottlenose dolphins
in this coastal area. Alongside this core technique, land-based surveys would provide useful additional data on the
usage of core parts of the cSAC, and continued surveillance of stranded bottlenose dolphins would provide a crucial
early warning of unusual mortality events that could affect the future viability of the population.
Existing photo-identification data were used to explore alternative sampling strategies for photo-identification surveys.
These analyses suggest that annual estimates should be based on at least 20 surveys. We recommend focusing
survey effort in a single core area that will provide an index of abundance within the cSAC, but that this must be
supplemented with less frequent wider-scale surveys that allow this index to be related either to the total number of
animals using the cSAC or the total population size.
For further information on this project contact:
Graham Saunders, Maritime Group, Scottish Natural Heritage, 2 Anderson Place, Edinburgh EH6 5NP.
Tel: 0131-446 2456
For further information on the SNH Research & Technical Support Programme contact:
The Advisory Services Co-ordination Group, Scottish Natural Heritage, 2 Anderson Place, Edinburgh EH6 5NP.
Tel: 0131–446 2400 or ascg@snh.gov.uk
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1

INTRODUCTION

Bottlenose dolphins are listed in the Annex II of the E.U. Habitats Directive, and the Moray Firth cSAC
(Figure 1) is one of the two UK areas that have been proposed as part of the Natura 2000 series to
conserve this species. To determine whether current management is achieving the desired condition of the
feature(s) of interest, Scottish Natural Heritage (SNH) is responsible for establishing common standards for
monitoring the condition of this cSAC.
In November 2003, University of Aberdeen was contracted by SNH to develop a detailed strategy for
monitoring and subsequent reporting of the status of the bottlenose dolphins in the Moray Firth cSAC. We
were asked, first, to review all currently available information relating to the Moray Firth bottlenose dolphin
population and, second, to explore the costs and benefits of a range of different monitoring and reporting
methods.
Figure 1

A map showing the location of the Moray Fir th and the boundaries of the Moray
Fir th cSAC (shaded).
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2

REVIEW OF INFORMATION AVAILABLE ON THE STATUS OF THE
BOTTLENOSE DOLPHIN POPULATION IN THE MORAY FIRTH

This review builds upon an earlier contract that the University of Aberdeen carried out for SNH during the
development of Natura 2000 site selection and management programmes (Curran et al., 1996). Our
previous report reviewed all information that was available at that time on the biology of the Moray Firth
bottlenose dolphin population, and developed recommendations for the management of this population in
anticipation of the area’s forthcoming status as a SAC. The purpose of the present report is to update this
earlier review, focusing on new information gained from studies both in the Moray Firth and on comparable
populations.

2.1

Data sources

Information on the Moray Firth bottlenose dolphin population comes from a variety of sources. Where
possible, we draw primarily on material from peer-reviewed publications from our own and other groups.
However, we do include some analyses and presentation of our own unpublished data where these findings
are particularly relevant to monitoring issues.
Many of these data result from a collaborative research programme on the ecology of this population,
conducted by University of Aberdeen (Lighthouse Field Station) and the University of St Andrews (Sea
Mammal Research Unit) since 1989. This work has used boat-based photo-identification surveys to conduct
individually-based studies of naturally marked dolphins, aimed primarily at improving estimates of population
size and key population parameters. Most survey effort has focused in the inner Moray Firth, but the work
has extended outside the SAC, as far south as the Firth of Forth.
Alongside these core-photo-identification studies, both University of Aberdeen and the University of
St Andrews have carried out related post-graduate projects and contracts. These have included other
research using boat-based photo-identification techniques, such as the use of photography to document the
prevalence of skin disease, as well as land-based and boat-based behavioural studies. These behavioural
studies have used both visual observations and acoustic techniques.
In addition, results from other larger scale studies allow us to place findings from the Moray Firth in a broader
context. In particular, the collation and analysis of at-sea sightings of cetaceans have been carried out by
the Joint Nature Conservation Committee ( JNCC), the Seawatch Foundation and SMRU. The Scottish
Agricultural College’s “Scottish Strandings Scheme” has provided data on the occurrence and distribution of
stranded dolphins, and post-mortem analyses of these animals has provided important insights into patterns
of mortality, disease and diet.

2.2

Distribution and abundance

The bottlenose dolphin (Tursiops spp.) is a cosmopolitan species that has been observed in all oceans and
seas except for polar regions (Rice, 1999). This species can occupy a wide range of habitats and is found
living in all types of coastal ecotypes from shallow lagoons to deep fjords as well as offshore. The
systematics of the species complex is still unresolved, but the current consensus is that it is composed of two
species (T. truncatus and T. aduncus) of which only the former is present in European waters (Rice, 1999).
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In Europe, bottlenose dolphins are found along the Atlantic coast from the Strait of Gibraltar to Iceland (Reid
et al., 2003) and in the Mediterranean and Black Seas. This species is seen regularly in certain coastal
areas, and repeat sightings of naturally-marked dolphins over periods of several years have led to these
being considered “resident” populations. However, it must be remembered that the duration of even the
longest of these studies is relatively short in relation to the species’ life-cycle, less than one generation, and
there is increasing evidence for periodic range shifts that suggest that distribution patterns are more flexible
than previously believed. Nevertheless, for the purposes of this report, we refer to those populations of
animals that have regularly used the same localised geographical areas over the last 10-20 years as being
resident populations.
Figure 2

Sightings of bottlenose dolphins around the UK from over the past 25 years related
to obser ver effor t, adapted from (Reid et al., 2003) with permission from the JNCC.

Regular sightings in Cardigan Bay and the Moray Firth since the 1960s suggest that these are the two main
resident populations in UK waters, with the population in the Moray Firth representing the most northerly
resident population of this species (Wilson et al., 1997a). More recently, sightings suggest that other groups
occur in the English Channel (Wood, 1998), around the west coast of Scotland (Grellier & Wilson, 2003),
and in the Shannon estuary off the west coast of Ireland (Wood, 1998; Ingram & Rogan, 2002). There are
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currently insufficient data from either sightings or molecular studies to determine the degree of isolation
between these groups of bottlenose dolphins. We know of no confirmed movements of individually
recognisable dolphins between these areas, but the power to detect such movement is likely to be low.
Genetic studies have so far only been based on mitochondrial markers that are maternally inherited.
Nevertheless, analyses of DNA material from stranded animals showed that the Moray Firth population has
a low mitochondrial genetic diversity (Parsons et al., 2002). Furthermore, it appears that Moray Firth
dolphins are genetically more closely related to the Welsh population and individuals stranded around the
southern coast of England than to individuals visiting the Scottish Western Isles (Parsons et al., 2002). These
genetic markers help us understand the matrilineage of individuals. Further work, based upon microsatellite
or other nuclear DNA markers, is required to determine whether male-biased dispersal might lead to greater
gene flow between these areas.
It remains unclear whether there is currently exchange of individuals or genes between the different resident
populations of bottlenose dolphins in UK and Irish waters. Until this can be confirmed, the most appropriate
precautionary approach is to consider each of these as isolated populations. There has been no formal
assessment of the distribution and abundance of bottlenose dolphins throughout UK waters. Coverage of the
west coast of Scotland is particularly poor. Nevertheless, all these resident populations are clearly small, and
are likely to number less than 250 individuals each.
2.2.1 Moray Fir th population: trends in abundance

Mark-recapture analysis of photo-identification data collected during 1992 estimated that 129 individuals
(95% Confidence Interval (CI): 110-174) used the Moray Firth area at this time (Wilson et al., 1999b). The
study recommended that photo-ID surveys be continued in order to establish the status of this population, but
also drew attention to the results of power analysis that indicated it would take at least 11 years of repeat
surveys to detect abundance change of the order of +/- 5% per annum.
Since 1992, University of Aberdeen and the University of St Andrews have continued to conduct photoidentification surveys each summer, focusing upon maintaining survey effort in an inner Moray Firth study
area that provides a proxy for the area now identified as the cSAC. In addition, more distant areas have
been covered opportunistically, with effort focused on areas from which reports of dolphin sightings were
received; thereby maximising the probability of encountering recognisable animals.
In 1997, efforts to develop an appropriate management scheme for the cSAC required information both on
the status of the Moray Firth population, and its likely response to different management actions. At this time,
the time-series of photo-identification surveys was too short to be used to reliably detect abundance trends.
In the absence of empirical data on trends, an alternative approach was therefore taken, where available
data on key population parameters were used in a population viability analysis (PVA) to predict likely future
population trends (Sanders-Reed et al., 1999). These models predicted that, if the conditions remained the
same, the Moray Firth dolphin population was likely to decline at rate of around 5% per annum.
More recently, some of the Moray Firth survey results were used as case studies within a PhD project that
aimed to develop Bayesian approaches to marine mammal population assessment (Durban, 2002)
(discussed further in Section 3.3). Bayesian approaches potentially offer a number of advantages when
assessing dolphin abundance trends (Durban et al., 2000); they can account for the high uncertainty
inherent in such studies, and also provide more direct estimates of the probability of alternative scenarios
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(e.g. of a population declining or remaining stable). Durban (2002) illustrated this by comparing estimates
from photo-identification surveys made in 1992 and in 2000, which suggested that the probability that
abundance was lower in 2000 was 0.45.
Currently, work is continuing through a Leverhulme Trust Research Grant to develop a Bayesian framework
for integrating photo-identification survey data into a population model that provides the most likely estimates
of recent and future population trends.
An analysis undertaken specifically for this report using all available survey data from 1990-2002 using the
technique used by Wilson et al. (1999b) shows that estimates are consistently within the range of 75-200,
but there is considerable variability among years and low confidence in some annual estimates (see
Figure 3).There is no doubt that the population is small and vulnerable; it is clearly well below the figure of
500 that conservation biologists commonly use as a guideline minimum viable population size for both
terrestrial and marine mammals. It is even below the IUCN’s value of 250 for a critically endangered
population. However, there is no apparent trend in abundance. This conclusion is supported by the most
recent analyses of survey data (Durban, 2002) which provide a more promising outlook for the population
than the PVA models’ predicted 5% decline that is currently used as a working hypothesis within the SAC
management plan (MFP, 2002).
Figure 3

Abundance estimates for the Moray Fir th population based on sur veys carried out
between May and September over the whole known range of the population.
Estimates are derived from estimates both for animals marked from the right side
and animals marked from the left side. Error bars represent the 95% confidence

Total abundance estimate

inter val around the estimates.
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2.2.2 Moray Fir th population: trends in distribution

At the time when SACs for bottlenose dolphins were initially considered, no systematic surveys for small
cetaceans had been made in UK waters. Therefore, proposals for the location of the Moray Firth cSAC had
to be based on a combination of different surveys, made at various spatial scales (Mudge et al., 1984)
and anecdotal sightings from a variety of sources (Evans, 1992). Although the data summarised in Reid et
al. (2003) and Figure 2 give a good overall picture of the likely range of the population inhabiting the
Moray Firth, it is not currently possible to determine the relative use of different parts of this range, particularly
the extent to which offshore movements occur. Most recent survey work has focused on the inner Moray Firth
and inshore areas along the east coast of Scotland. However, one wider-scale survey used a combination
of visual and acoustic survey methods to assess the extent to which bottlenose dolphins used the northern
part of the cSAC (Hastie et al., 2003b). These data (Figure 4) supported earlier evidence from systematic
seabird surveys (Mudge et al., 1984), that suggested that porpoises were more abundant in off-shore areas,
while bottlenose dolphins were most likely to be encountered in the inner firth (Hastie et al., 2003b).
However, these surveys were made only during a single season, and there remains considerable uncertainty
over the factors influencing distribution both within the cSAC and throughout the wider Moray Firth.
Several lines of evidence also suggest that there is temporal variation in these distribution patterns, and that
bottlenose dolphins may even be relatively recent newcomers to the Moray Firth. The first documented
observation of this species in the Moray Firth dates back only to 1898; despite regular reports of several
other, currently rarer, cetaceans in the area before this date (Wilson, 1996). This led Wilson (1996) to
argue that bottlenose dolphins were less regularly present, or even absent, in the Moray Firth prior to the
late 19th century (Wilson, 1996). Parsons et al. (2002) summarised data on UK strandings of bottlenose
dolphins between 1913 and 1992. Historical stranding locations are more widely dispersed around the
UK coast than expected from the distribution of recent sightings (Figure 5). Furthermore, there was a
significant northerly trend in the location of strandings on the east coast of the UK, suggesting that North Sea
populations had either contracted or moved north over the last century (Parsons et al., 2002).
Figure 4

(a) The distribution of bottlenose dolphins across the Moray Fir th from ten
combined visual and acoustic sur veys carried out during 2001. The black line
represents the sur vey track and visual sightings of dolphins are shown by the
triangles and acoustic detections, by the circles. (b) The distribution of porpoises
during 2001 from visual sur veys carried out for photo-identification purposes.
The black line represents the sur vey track and visual sightings of porpoises are
shown by the squares.
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Recent analyses of University of Aberdeen and University of St Andrews photo-identification data (Wilson et
al., in press) also indicate that the Moray Firth population has changed its distribution during the last decade.
In the early part of this study, most reports of bottlenose dolphins were from within the Moray Firth, between
Fraserburgh and Wick. More recently, there have been increased reports of dolphins using the area from
Aberdeen south to at least the Firth of Forth and animals are now regularly found in St Andrews Bay
throughout the summer months. Most of these individuals have also been seen in the Moray Firth. Not only
has the range of this population expanded, but certain known individuals now spend less time in the Moray
Firth. Further support for this range expansion is provided by a similar change in the distribution of harbour
porpoises that have been killed by bottlenose dolphins (Wilson et al., in press). Based upon sightings of
individually recognisable animal, the range of this population is currently considered to extend from the
cSAC south to the Firth of Forth.
Figure 5

Distribution of (a) recent sightings (shaded elipses) and (b) historic strandings
(1913-1992) of bottlenose dolphins around the UK. Figure reprinted from Parsons
et al. 2002 with permission from Elsevier.

2.2.3 Moray Fir th population: fine-scale distribution within the cSAC

Within the inner firth, there appear to be three hotspots of sightings; in the Kessock Channel, in Chanonry
narrows, and around the mouth of the Cromarty Firth (Figure 6). These areas were originally identified by
Wilson et al. (1997), using data from 1990-1992, but have since been confirmed through analysis of the
full data set of standardised photo-identification surveys carried out between 1990 and 2000. Even though
bottlenose dolphins can be sighted year-round in these areas, there appears to be an influx of individuals
into the inner Moray Firth between May and September (Wilson et al., 1997a) (Figure 7). Wilson et al.
(1997a) showed that these hotspots were utilised by different individuals depending on the season. During
winter, dolphins tended to be encountered at the mouth of the Cromarty Firth. As the year progressed, these
individuals moved further into the Moray Firth and spent progressively more time first at Chanonry Point and
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then in the Kessock channel. At the same time summer visitors were encountered more often at the mouth of
the Cromarty Firth. From summer throughout the rest of the year, a reverse process occurred. The use of these
three core areas appeared to be related to foraging; the physical properties of the three zones appear to
aid dolphins in the capture of prey. This is described in more detail in the foraging ecology section.
Figure 6

Density of bottlenose dolphin sightings in the study area from 1990 to 2000. The
line represents the sur vey route, reprinted from (Hastie et al., 2004) with
permission from Springer Publications.

Cromarty Firth

Chanonry Narrows

Kessock Channel

Seasonal changes in the number of individually identified bottlenose dolphins
recorded during standard boat sur veys in the inner Moray Fir th. Data are from
1990-1992. Figure taken from Wilson e t a l . 1997a with permission from
Blackwell Publishing.
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Analyses of data from photo-identification surveys and shore-based sightings suggest that dolphins have
significantly reduced their use of the Kessock Channel over the past six years (Thompson et al., 2000a). The
reasons behind this change in habitat use remain unknown but could result from a combination of factors
such as changes in boat traffic, food availability, or variations in social organisation in the population. This
change in distribution within the cSAC has occurred at the same time as the wider-scale range expansion
discussed previously, and the two processes seem likely to be linked.

2.3

Population dynamics

Our understanding of the dynamics of the Moray Firth dolphin population is still in its infancy. Bottlenose
dolphins are long-lived animals and individuals born at the start of the long-term research programme are
only now reaching adulthood. Nevertheless, there have been important additions to our knowledge of key
population parameters since Curran et al’s (1996) review.
2.3.1 Sur vival

Using data collected from 1990–1997, life history parameters for the Moray Firth population were
estimated by Sanders-Reed et al. (1999) during the development of their PVA model. Survival estimates used
life history information only from well-marked animals to minimise any bias inherent in the recognition of
individuals from one year to the next. This information was compiled from photo-identification data gathered
during surveys, and estimates obtained using MARK; a computer program that estimates survival from repeat
sightings or captures of individually marked animals (Franklin, 1999). The resulting estimates can be
compared with results from four other long-term research programmes on bottlenose dolphin populations in
Sarasota Bay, Florida (Wells and Scott, 1990), Shark Bay, Australia (Mann et al., 2000), Sado estuary,
Portugal (Gaspar, 2003), and Doubtful Sound, New Zealand (Haase, 2000). However, sample sizes are
small in all cases and differences in survey and analytical techniques currently prevent a formal comparison
of these estimates.
Nevertheless, adult mortality rate (expressed as % mortality per annum) in the Moray Firth was similar to that
observed in other locations: 5.8%±1.48 vs. 3.8%±0.76 in Sarasota Bay, 4.8%±1.50 in Doubtful Sound,
and 1 to 5% in the Sado estuary. Annual calf mortality rates (for animals younger than three years-old) was
high compared to Sarasota Bay and Sado estuary (38.3%±6.28% vs. 18.9%±6.44% and 25%±9.9%
respectively) but similar to the others (40% in Shark Bay and 43.8% in Doubtful Sound).
2.3.2 Reproduction

Overall, the crude birth rate (i.e. the number of births recorded each year related to estimates of total
abundance) was comparable with other populations (6.0% vs. 6.6%±1.8% in Doubtful Sound;
5.5%±0.89% in Sarasota Bay; 5.4%±0.78% in Sado Estuary).
In warm temperate climate bottlenose dolphins appear to invest one to two years in a calf and therefore
reproductive females tend to produce a calf every two to three years. In colder climates, the period of
investment tends to lengthen, with females producing a viable calf every four years (Haase and Schneider,
2001). The weaning process also appears to be delayed, with estimates of 24-30 months in comparison
with 12-18 months in warm temperate waters (Grellier et al., 2003). Grellier et al. (2003) found that Moray
Firth calves were still highly likely to be found in the same school as their mothers up to 8 years after their
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birth, even though the time that they spent in close association with their mothers within the school decreased
steadily with time.
2.3.3 Population Str ucture

Unless mothers are identified by the regular presence of a calf, the sex of free-living dolphin can only be
determined using molecular analysis of remote biopsy samples, or from direct observations of genitalia.
Consequently, whilst a number of recognisable individuals have been confirmed to be females, there are no
unbiased data with which to determine the sex ratio of the population. Similarly, it is extremely difficult to
determine the size or age of wild dolphins, and there are currently too few data from stranded animals to
compare age structure and longevity in the Moray Firth with overseas populations where more data are
available from harvests or bycatch. There are therefore no data currently available on population age
structure in the Moray Firth, and previous population modelling has assumed a 1:1 sex ratio and a stable
population structure (Sanders-Reed et al., 1999). This assumption is unlikely to be realistic, and highlights a
major gap in our understanding of the dynamics of this population.
2.3.4 Patterns of mor tality and disease

From 1988–2003, 35 confirmed carcasses of bottlenose dolphins, and three carcasses awaiting
identification, have been retrieved and examined post mortem by the Veterinary Science Division of the
Scottish Agricultural College in Inverness (Table 1). These stranding records help understand patterns of
mortality, but cannot be used to estimate overall mortality rate because the probability of finding carcasses
is not evenly spread over time and space. Nevertheless, strandings occurred year-round, but the tendency
for increased strandings in summer may simply be because the search effort was higher during that season.
These records and post-mortem analysis have identified important sources of both anthropogenic and natural
mortality. Notably, they have confirmed that some fishery by-catch does occur in this area, primarily from
illegal salmon nets. Information from other regions suggests that this observed bycatch probably represents
a conservative estimate of the problem, because public pressure and the illegal nature of these activities
reduces the level of reporting to the authorities (Dawson, 1991). Post mortem studies have also shown that
at least some calf mortality results from infanticide (Patterson et al., 1998). Until recently, the Moray Firth
was the only population of bottlenose dolphins in which infanticide had been demonstrated, but it now also
appears to occur in North Carolina, USA (Dunn et al., 2002) and is suspected to occur in other locations
(Doubtful Sound, New Zealand, (Lusseau, unpublished data) and Sado estuary, (Gaspar, 2003)).
Photo-identification studies also provide an opportunity to study the epidemiology of skin lesions (Thompson
& Hammond, 1992), and these studies have shown that bottlenose dolphins from the Moray Firth have a
high prevalence of several different types of lesion (Wilson et al., 1997b). Comparison with similar data
from other parts of the world suggest that the prevalence and severity of lesions are related to exposure to
water of low salinity and/or temperature (Wilson et al., 1999a). The causal links underlying these patterns
remain unknown, but it is possible that they are related to an increase in physiological stress, potentially
making the animals more prone to other factors, including anthropogenic agentssuch as contaminants
(McKenzie et al., 1997) or infections from viruses, bacteria, or fungi. Subsequent studies have shown that
severity and prevalence of lesions vary among individuals in the Moray Firth and that variation patterns can
be related to the behaviour of infectious diseases (Wilson et al., 2000). This supports the hypothesis that
these lesions result from infectious diseases, and that their prevalence is only aggravated by physiological
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stresses related to changes in the dolphins’ environment. However, analyses of carcasses for viral or bacterial
skin infections have been unable to isolate any causal agents, not least because most recovered carcasses
were not fresh (Wilson et al., 1997b).
However, in other areas pathological screening of stranded individuals has greatly increased our
understanding of the prevalence of infectious diseases in natural cetacean populations and the risk that this
may pose to small populations. For example, we now know that the morbillivirus that was related to the mass
strandings of cetaceans on the East coast of the U.S.A., (Duignan et al., 1996), is not endemic to these
populations (Van Bressem et al., 2001). In addition, the immunity of populations to this virus decline with
time and therefore it is likely that epidemics will re-occur in the future (Van Bressem et al., 2001). This
information has important implications to predict the management actions needed to protect small
populations when epidemics occur.
Table 1

Bottlenose dolphins discovered stranded in the Moray Fir th between 1988 and
2003. Information was collected by the Scottish Agricultural College, Veterinar y
Science Division in Inver ness who also carried out post-mor tem analyses
(cour tesy of R.J. Reid).

Date

Sex

Length (cm)

Cause of death

01/05/1988

F

206

Unknown

31/07/1988

M

236

Unknown

06/12/1988

F

304

Unknown

27/07/1989

F

325

Unknown

04/08/1989

F

264

Unknown

18/08/1989

F

148

Unknown

17/07/1990

F

310

Perirenal abscess

17/05/1992

F

323

Maxillary fracture, infection and loss of condition

11/08/1992

F

134

Infanticide

11/10/1992

M

128

Peritonitis?

25/01/1993

M

312

Head trauma?

02/02/1993

M

325

Viral infection

31/05/1993

F

165

Congenital fibrosis, poor condition and infection

12/09/1993

F

148

Unknown

03/10/1993

F

141

Infanticide

07/12/1993

M

145

Unknown

01/03/1994

F

323

Old age, circulatory failure

23/04/1994

M

275

Bacterial infection

23/08/1994

F

250

Unknown

06/08/1995

F

139

Infanticide

12/08/1995

M

147

Infanticide

16/09/1995

M

263

Trauma from stranding alive

31/12/1995

M

289

Trauma from stranding alive?

06/05/1995

M

274

By-catch
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Table 1 continued
Date

Sex

Length (cm)

Cause of death

17/06/1996

M

270

Viral lung infection

03/10/1997

M

148

Infanticide

12/02/1998

F

260

Chronic loss of condition (Kess)

30/03/1999

F

230

Drowning, stressed and liver jaundice

25/06/1999

F

326

Unknown

12/07/1999

F

260

By-catch

26/08/1999

M

313

Unknown

15/11/1999

F

22/12/1999

M

305

Trauma from stranding alive

04/08/2000

F

148

Potentially infanticide

23/05/2001

F

330

Unknown

01/03/2002

Unknown

120

Unknown (Tursiops?)

25/07/2002

Unknown

230

Unknown (Tursiops?)

29/06/2003

Unknown

294

Unknown (Tursiops?)

2.4

Old-age, septicaemia, trauma from live stranding

Foraging ecology

Information on the foraging ecology of cetaceans can be derived from behavioural studies and analyses of
the stomach contents of stranded or by-caught individuals. More recently, a number of techniques have been
developed which can use the biochemical composition of tissues to make inferences about the diet of
individuals. These include analysis of fatty acid composition and stable isotopes, which can be applied to
a tissue from stranded animals, biopsies or even museum samples. Currently, information on the diet of
Moray Firth dolphins is limited in scope, and available only from conventional behavioural or stomach
analyses.
Several studies have related visual and acoustic behavioural observations in the inner Moray Firth to
foraging activities (Hastie et al., 2004). From these we can derive some understanding of prey species and
the way in which they are hunted. These studies have also shown that the use of the three distributional
hotspots in the inner Moray Firth seems to be related to foraging, as dolphins are more likely to be observed
in these areas with captured fish (Hastie et al., 2004). Acoustic studies carried out in the Kessock channel
suggest that dolphins perform characteristic low-frequency calls, brays, during the capture of salmonids
(Janik, 2000a). Further acoustic work in the area around the mouth of the Cromarty Firth used a vertical
hydrophone array to show that these calls occurred most frequently between 20m and 30m below the
surface, suggesting that foraging occurred at depth. However, the presence of these calls cannot always be
used as confirmation of foraging, as similar calls appear to be used in other contexts, such as aggressive
encounters, in other areas (Boisseau, 2003).
Land-based behavioural studies also indicate that fine-scale topographical and hydrographical features may
influence where and how dolphins forage. Dolphins were associated with the strong tidal intrusion front in
the Kessock Channel, both spatially and temporally, suggesting that this feature plays a role in helping the
capture of fish (Mendes et al., 2002). In the mid 1990s dolphins used this area on flood tides during the

12

Scottish Natural Heritage Commissioned Report No. 079 ( ROAME No. F02AA409)

summer, and tended to prefer the area near the surface features of the front. However, this pattern is now
less obvious due to the overall decline in the use of the Kessock Channel (Thompson et al., 2000a).
Information on fish species targeted by bottlenose dolphins in the Moray Firth is still scarce, but many
different lines of evidence point to salmonids being an obvious component of the diet in summer. However,
whilst some of the behavioural and distributional patterns seen during the summer may be driven by changes
in the availability of salmon, it seems less likely that these prey form a major component of the population’s
annual energy budget. In other areas, analyses of larger samples of stomachs from by-catches indicate that
bottlenose dolphins have a highly diverse diet, feeding on a range of species that are encountered regularly
(Barros and Wells, 1998). Stomach content analyses from the few animals available from the Moray Firth
showed that cod (Gadus morhua), saithe (Pollachius virens) and whiting (Merlangius merlangus) were main
prey eaten, although several other fish species were also found, including salmon (Salmo salar) and
haddock (Melanogrammus aeglefinus), and also cephalopods (Santos et al., 2001). However, this analysis
was based on 10 individuals stranded around the Scottish coast over a ten year-period, and these results
are unlikely to be representative of the whole population over this period.

2.5

Anthropogenic influences

2.5.1 Boat traf fic

Concern over increasing levels of commercial, recreational and research activity has driven a number of
studies of the potential impacts of boats on bottlenose dolphins, both in the Moray Firth and in other parts
of their range. Several studies detected changes in the behaviour of dolphins in the presence of boats in the
Moray Firth, most notably a decrease in dolphin breathing rate in the presence of boats. This typical vertical
avoidance technique, i.e. spending more time underwater to elude boats, is observed in most cetacean
species and has been likened to predator avoidance strategies ( Janik & Thompson, 1996). This predation
avoidance mechanism also explains the observed increase in breathing synchrony with boat presence
(Hastie et al., 2003a).
These studies show that boat presence affects individuals and groups of bottlenose dolphins in the Moray
Firth. However, it is not possible to relate these short-term effects to long-term impacts at the individual and
population levels. In future, recently developed techniques to link short-term behavioural responses to longterm impacts at the population level (Lusseau, 2003) could be used to understand the longer term impacts
of interactions between dolphins and boats in this area.
2.5.2 Contaminants

A detailed review of environmental contaminants in the Moray Firth cSAC was recently commissioned by
the Moray Firth Partrnership (Nautilus, 2001). There is a small input of organic contaminants in the cSAC
from local industries and sewage outlets. Heavy metals can also be traced to sewage and local industries,
especially Invergordon Aluminium Smelter which also outputs PCBs. Dredging of navigation channels
increase the pollution ‘lifespan’ of these contaminants. Sediments are re-suspended in the water column
during dredging; both at the dredged site and the dumping site, and contaminants laced in these sediments
are made available for uptake in the food web.
Levels of trace metals did not differ markedly from other cetacean populations studied. Levels of organic
contaminants were similar to other cetaceans in Scotland but lower than cetaceans found in other coastal
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areas such as the Mediterranean Sea and the coast of Japan. Males tended to have higher concentrations
of organic contaminants than females. This trend has been reported in many other marine mammal
populations and is explained by the transfer of contaminants from females to their offspring during gestation
and lactation.

2.6

Summar y of data for baseline population assessment

In summary, the population of bottlenose dolphins using the Moray Firth cSAC is clearly small, isolated, and
displays evidence of limited genetic variability. Although there is uncertainty about current trends in
abundance, there is a long time-series of data available to provide a basis for future assessments of the
condition of the population. Alongside this information on abundance, there is good information on both fine
and broad scale patterns of distribution, and these data have detected changes in distribution at both scales
over the last decade. Finally, there are also additional data on the numbers of strandings occurring around
the Moray Firth cSAC and adjacent coasts, thereby providing an important baseline for detecting unusual
mortality events. This stranding programme also continues to add to the collection of biological samples that
can provide additional data on the life-history characteristics and foraging ecology of this population;
thereby addressing two of the key gaps in our knowledge of the ecology of bottlenose dolphins in temperate
waters.
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3

REVIEW OF TECHNIQUES USED TO ESTIMATE ABUNDANCE & STATUS
OF SMALL CETACEANS

A number of approaches have been used to collect information on cetacean abundance and population
status, recently reviewed in Evans & Hammond (2004). They range from simple counts, through line transect
sampling and mark-recapture sampling, to using models to predict abundance from environment covariates.
Various types of platform can be used within each approach, including fixed observation points such as
headlands, or survey platforms such as ships and aircraft. Similarly, different methods of detection can be
used, such as direct or video-based visual detections of surfacing individuals, and acoustic detections of
vocalising animals. The resulting surveys can therefore be very basic, yielding simple indices of abundance
in limited areas. They can also be highly sophisticated, and capable of yielding accurate1 and precise2
estimates of absolute abundance across wide areas.

3.1

Fixed point sampling

Regular land-based watching for defined periods of time has frequently been used to identify coastal areas
important for particular species, and to determine variation in numbers both seasonally and over the longer
term. Thus standardized watches at 50 sites around mainland Shetland over four summers indicated that
porpoises mainly occurred on the east coast with concentrations at particular locations (Evans et al., 1997).
Temporal variation in abundance indices has been described for several species and areas (Evans, 1992;
Thompson et al. 2000a). Similarly, acoustic monitoring using recorders designed to detect echolocation
clicks indicates that there may be shifts in the use of different Welsh coastal sites by porpoises (Pierpoint
et al., 1999).
The limitation of fixed-point sampling is that it can only provide information on changes in the occurrence of
animals in a particular restricted area. The size of this area will depend upon the local topography and
detection method used, but is unlikely to exceed 1-2 km in anything but ideal conditions. Except in a few
cases, for example where coastally migrating cetaceans use predictable inshore routes (Buckland et al.,
1993), these techniques cannot therefore be used to estimate overall population abundance. However, they
can be used to provide data on finer-scale spatial and temporal distribution and changes in the use of
particular areas of interest (Mendes et al., 2002; Hastie et al., 2004). Where broader geographical
coverage is required, line-transect sampling or mark-recapture sampling must be used, possibly
supplemented by fixed-point sampling.

3.2

Line transect sampling

The idea behind line transect sampling is to estimate the density of the target species in strips sampled by
surveying along a series of transects, and to extrapolate this density to the entire survey area. The calculated
number is therefore an estimate of abundance in a defined area. This estimate only relates to the number of
animals present in that defined area during the survey period. If this is not the information required, then linetransect sampling may not be the best method to use.

1A

measure of how close the estimate is to the true value.

2A

measure of the degree of spread in estimates generated from repeated samples.
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In line transect sampling, the distance to each detected animal is measured, and these distance
measurements are used to estimate the effective width of the strip that has been searched. This is necessary
because the probability of detecting an animal decreases the further away it is from the transect line.
A special case is a strip transect in which it is assumed that all animals are detected out to a given distance
from the survey platform. The only way to determine if this is a valid assumption is to measure distances. For
this reason, measurements of the distance from the survey platform to the surfacing animals should always
be collected. Animals occur in groups in many cetacean species so the target for detection in a line transect
survey is often a school. Data on the number of animals in each school must also be collected.
The equation that relates density to the collected data is:
n –s
D̂= –––––
2wL

(Equation 1)

where D̂ is estimated density, n is the number of separate sightings of animals (or schools), –s is mean school
size, L is the total length of transect searched, and w is the estimated effective strip half-width. The quantity
2.w.L is thus the area of the strip that has been searched. The effective strip half-width is estimated from the
perpendicular distance data for all the detected animals. It is essentially the width at which the number of
animals detected outside the strip equals the number of animals missed inside the strip, assuming that
everything is seen at a perpendicular distance of zero. The assumption that every school is detected on the
transect line itself is an important one (see below). Texts describing line transect sampling in more statistical
detail include Buckland et al. (2001) and Hiby and Hammond (1989).
Another assumption is that animals do not move prior to detection. Cetaceans, of course, do move. Random
movement with respect to the survey platform causes a positive bias in abundance estimates, but this bias is
small so long as the survey platform travels quickly relative to the animals. This will always be true for aerial
surveys but may be a problem for shipboard surveys. A survey speed of 10 knots is typically taken as a
minimum. Movement in response to the survey vessel can be more of a problem. Aerial surveys are again
immune to this but it is not uncommon for cetaceans to be attracted to survey ships or to avoid them. The
obvious solution is to search sufficiently far ahead of the vessel that animals do not respond before they are
detected, as is done in surveys for oceanic dolphins in the eastern tropical Pacific (Wade & Gerrodette,
1992; Barlow et al., 2001). Alternatively, there are methods for accounting for responsive movement
(Buckland & Turnock, 1992; Borchers et al., 1998; Palka & Hammond, 2001). Other practical assumptions
are that animals are correctly identified to species and that, if detections are of schools of animals, school
size can be estimated accurately. Care needs to be taken to minimise the chance of violating these
assumptions.
The primary data required for estimating the abundance of cetaceans using line transect sampling are
therefore the distance searched along transect, and the perpendicular distance to and size of each detected
school of the target species. Accurate measurements of the distance to a sighted group (radial distance) and,
especially, the angle between the transect line and the group (angle data) are at the heart of a good
estimate of density.
Measuring distance at sea is notoriously difficult. Gordon (2001) has described a photographic method to
assist this, but this may not be equally applicable for all species or in all situations. If such direct methods
cannot be used, it is important to compare estimated distances with actual ones measured directly by radar
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or GPS in distance estimation experiments. Whether such experiments are used for training and
improvement, or to calculate correction factors needs to be carefully considered. Data on sighting distance
and angle will allow density to be calculated using Equation 1. However, there are other important data
that are usually desirable.
The probability of detection of a school of cetaceans from the survey ship or aircraft depends on many things
including the ability and experience of the observers, the height and characteristics of the survey platform,
the weather, school size, and the behaviour of the animals. Depending on the size of the survey, there may
be sufficient data to investigate the effects of some or all these on detection probability. School size and sea
state regularly turn up as important factors in analyses.
Standard line transect sampling assumes that all targets present on the transect line will be detected with
certainty (see above). This is clearly not the case with cetaceans, and estimates of abundance calculated in
this way will be biased downwards by an unknown amount. The accepted way to take this into account on
shipboard surveys is to use data collected from two observation platforms on the same vessel. The basic
idea here is that a school seen by one of the platforms acts as a “trial” for the other platform which may or
may not also see it. This allows estimation of the proportion of detected schools. There are a number of
methodological variations in how this can be done but all require two teams of observers. Clearly this is
only possible on survey ships of a certain size. Estimating the proportion missed on the transect line is more
difficult with aerial surveys. Methods of doing this are described in (Forney et al., 1995), and (Hiby and
Lovell, 1998).
To analyse line transect sampling data, there exists an excellent analysis program DISTANCE 4 (Buckland
et al., 2001). As well as providing a framework for estimating detection functions and other calculations,
DISTANCE 4 also designs surveys and has a comprehensive data management capability so that it can be
used from beginning to end in generating estimates of abundance and their precision.
Line transect sampling is often used to cover large survey areas. An example of such an application is the
SCANS survey in 1994, which was conducted to obtain accurate and precise estimates of abundance of
the harbour porpoise and other small cetaceans in the North Sea and adjacent waters (Hammond et al.,
2002). The study utilised nine ships and two aircraft to cover an area of about 1 million km2 in summer.
New methods were developed for the collection and analysis of shipboard (Borchers et al., 1998) and
aerial survey (Hiby & Lovell, 1998) data. These had to take into account the fact that harbour porpoises are
not only difficult to detect, so that detection on the transect line was far from certain, but may also respond
to survey ships before they were detected. Each survey ship therefore used two observation platforms and
in the aerial survey blocks, two aircraft flew in tandem so that the new methods could be applied. Porpoises
were found distributed over most of the survey area and the final estimate of 341,000 (Coefficient of
Variation (CV) = 0.14) harbour porpoises in the survey area is precise and should not be biased as a result
of missed animals on the transect line or responsive movement.
Using acoustics methods to collect data on line transect surveys can generate an index that could potentially
be related to abundance using data on vocalisation rate and the relationship between vocalisation intensity
and group size to estimate the number of individuals heard in a detected school. However, these two
supplementary levels of uncertainty increase the CV of the abundance estimate (Van Parijs et al., 2002).
These methods are currently in their infancy and have only been used successfully on a few species. In future,
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they have most potential in situations where visual surveys are not practical (for example the year-round
assessment of sperm whale density in the Faroe-Shetland channel (Hastie et al., 2003c). Whilst acoustic
techniques may provide useful information on the fine-scale distribution, area-use or behaviour of bottlenose
dolphins, they are not currently suitable for monitoring changes in abundance of this species in the Moray
Firth.

3.3

Mark-recapture sampling

Fixed point and line-transect methods involve sampling an area to produce an estimate of relative
abundance or density within the sampled area. In contrast, mark-recapture sampling involves sampling the
population of animals to provide an estimate of overall abundance in the sampled area. The basic idea
behind mark-recapture methods is that, initially, a sample of individuals is captured, marked and released
(n1). On a subsequent occasion, a second sample of individuals is captured (n2) of which a number are
already marked (m2). The proportion of individuals that are marked in the second sample can be equated
with the proportion in the population at large (N).
m2 n1
–– = ––
n2 N

(Equation 2)

Because the numbers of animals captured and marked each time is known, this allows population size N̂ to
be estimated.
n1 n2
N̂ = ––––
m2

(Equation 3)

This simple two-sample estimator is known as the Petersen estimator or Lincoln index. The same idea applies
when samples of animals are captured, marked and released on multiple occasions; this will be elaborated
upon below.
Mark-recapture methods were initially developed, and have mostly been used, for studies in which individual
animals are physically captured and marked in some way (painting, branding, mutilating, tagging), released
and then physically recaptured. Indeed, the initial use of these methods with cetaceans was to mark large
whales with so-called Discovery tags (metal bolts about 30cm long) by firing them into the blubber and
recovering them when the animal was butchered after being harpooned in harvesting operations.
More recently, individual-based studies of cetaceans have relied upon the photographic recognition of
individuals from natural marks on their bodies. These photo-identification or “Photo-ID” studies have been
used to underpin a wide range of studies of behaviour, distribution and movements. Using photoidentification, it is sometimes possible to census the whole population when all individuals can be
encountered at any given time in an area and no individuals seem to be moving in or out of the population.
Such census are rare and have only been performed on bottlenose dolphin populations from the Sado
estuary (Gaspar, 2003) and Doubtful Sound (Lusseau et al., 2003), and with killer whales off Vancouver
Island (Bigg et al., 1990). More commonly, mark-recapture models must be applied to photo-ID data to
estimate abundance. Abundance estimates based upon these techniques have now been made in several
different populations of bottlenose dolphins (Table 2) as well as with other species such as Hector’s dolphins
(Slooten et al., 1992; Bejder & Dawson, 2001), sperm whales (Whitehead, 2001) and baleen whales
such as humpback whales (Chaloupka et al., 1999).
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The type and quality of photographs required for different individual-based photo-identification studies
depends upon the aims and analytical techniques used. Where mark-recapture models are applied to photoID data to estimate abundance, the basic data required are representative sets of high quality photographs
of the well-marked parts of individual animals for two or more sampling occasions. However, it is particularly
important that the data are collected and processed in such a way that the assumptions underlying the markrecapture models are not violated. One of the key assumptions is that marked animals will always be
recognised if seen again. This is often translated into marks not being lost and not changing but, in fact,
marks can change as long as this does not affect recognition. Another assumption is that samples of
individuals must be representative of the population being estimated. This is to ensure that the proportion
marked in a sample is a valid estimate of the proportion in the population. If marked animals did not mix
fully with the rest of the population between sampling occasions, this could violate this assumption. Markrecapture models also assume that marking an animal does not affect its probability of recapture. With
photo-identification this should be assured. The final and most important assumption is that every animal in
the population should have the same probability of being captured within any one sampling occasion. If this
assumption is violated, this is known as heterogeneity of capture probabilities, and the estimate of population
size will be biased downwards. In the extreme, if some animals have zero probability of capture they will
simply not be included in the population estimate at all. In a real study, ensuring equal probability of capture
for all individuals will never be possible. Analysis can address this in some cases but the aim should be to
minimise the problem in the field (see below).
The basis for a photo-ID based abundance estimate is good photographs; good enough so that animals that
are considered marked will be recognised with certainty if seen again later. This partly depends on how
well marked animals in the population are, and how much variability there is in these markings. Not all
animals in the population may bear distinguishing markings. For example, bottlenose dolphins acquire nicks
as they get older so younger animals are typically not well marked. Data on the proportion of well-marked
animals in each school encountered can be used to estimate the proportion of marked animals in the
population (Wilson et al., 1999b).
Good photographs come from good photographers. But even the most experienced photo-identification
practitioner will not always take top quality photographs. Careful analysis of the photographs must therefore
precede statistical analysis in mark-recapture studies using photo-identification. New photographs should be
graded for quality and matched against an existing database (catalogue) of marked animals. These matches
represent the recaptures. It is common practice to be conservative in matching to eliminate the possibility of
false positives, but this may lead to some false negatives. Such missing matches can lead to overestimation
of population size. Stevick et al. (2001) used genetic identity (Palsboll et al., 1997) as a control in a doublemarking experiment to estimate the rate of missed photographic matches in humpback whales and
developed a method to use this information to correct population estimates. The false negative error rate was
found to increase markedly with poorer photo quality.
There are many different mark-recapture estimators available, but all require at least two sampling occasions.
In this simplest case the Petersen estimator (Equation 2), or a variant of it, is the only choice. It is a closed
population model because it assumes that population size is closed to births, deaths, immigration and
emigration, i.e. it does not change over the period of study. If the study has multiple sampling occasions, a
time series of estimates can be obtained and there is more flexibility in analysis; open or closed population
models can be used (Hammond, 1986). If the sampling occasions are close together in time, so that
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population size can be assumed not to change, closed population models can be used. One implementation
(Otis et al., 1978; Rexstadt & Burnham, 1991) has models that can take account of heterogeneity of capture
probabilities. If animals are believed to emigrate temporarily from the study area, there are methods for
taking this into account in analysis (Whitehead, 1990).
The population of bottlenose dolphins using the Moray Firth cSAC has been the focus of a photoidentification study for many years (Wilson et al., 1997a) and the estimate of abundance obtained during
the early years of the study (Wilson et al., 1999b) represents the first of its kind for any small cetacean
population within the EU. Apart from factors already mentioned above, a number of important practical
issues had to be addressed. Dorsal fin markings can appear different from each side, so separate but linked
databases were maintained and separate estimates made for left and right side photographs. Types of
identifying marks were found to last different lengths of time so a set was identified that was known to last
at least one year. Data from each survey (= sampling occasion) for the period May-September for each of
three years were analysed using a closed multi-sample model (using the program CAPTURE). Despite
attempts to minimise the problem, heterogeneity of capture probabilities was evident in the data, so this
option in program CAPTURE was implemented. The best abundance estimate of 129 (CV = 0.15) was an
average of left and right side estimates for the year with most representative coverage. It is these techniques
that have been used in Section 1 to provide a time-series of abundance estimates for this population.
Alongside these studies, alternative closed (Durban, 2002) and open (Corkrey, Unpublished Data)
population estimators have been developed for this dataset using Bayesian statistical techniques (see Durban
et al., 2000). Durban (2002) also produced a closed population estimator for use with data from three or
more sampling sites. This technique provides both an overall estimate of abundance, and an estimate of the
rates of movement between different sampling sites. Originally developed for a study population in tropical
waters, these techniques have since been applied to data collected in three key areas used by the bottlenose
dolphin population using the Moray Firth cSAC (Figure 6), producing similar estimates to those obtained with
CAPTURE (Durban et al., Submitted).
A recent study in Cardigan Bay, West Wales used both line transect techniques and mark-recapture analysis
of photo-ID data to estimate the abundance of bottlenose dolphins inhabiting the candidate Special Area of
Conservation (Evans et al., 2002). During May-September 2001, the former method gave an estimate of
135 bottlenose dolphins (95% C.I. 85-214) whilst mark-recapture analysis indicated that 215 animals (95%
C.I. 179-290) actually inhabited the area. As noted above, the two are not measuring the same quantity.
The former is an estimate of the average number of dolphins in the area during the study period. The latter
is an estimate of the number of individual animals using the area during the study period and thus includes
animals spending part of their time outside the study area.
Table 2

Abundance estimates of bottlenose dolphins derived from photo-identification
techniques in dif ferent locations.

Location

Abundance

CV

Reference

Amakusa, Japan

218

0.054

(Shirakihara et al., 2002)

Doubtful Sound

58

0.039

(Williams et al., 1993)

North Carolina

1033

0.099

(Read et al., 2003)

Point Lookout, Australia

895

0.08

(Chilvers & Corkeron, 2003)

Sanibel Island, Florida

286

0.20

(Shane, 1990)
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In theory, acoustic sampling can also be used to recognise individuals or groups of individuals (Deecke
et al., 2000), and acoustic data could therefore also be used for mark-recapture estimates of abundance.
However, for bottlenose dolphins, this technique may be limited by their imitation abilities (Janik, 2000b).
Acoustic based mark-recapture estimates of bottlenose dolphins therefore remain unproven, and are not
currently a viable option for monitoring the abundance of this species in the Moray Firth.

3.4

Measuring changes in abundance

One of the key requirements of the cSAC monitoring programme is to provide regular assessments of site
condition, based on direct measurements of changes in site attributes. At its most simplistic, measuring
changes in abundance involves comparing two or more estimates made at different times. Once a timeseries of estimates is available, models can also be fitted to estimate the rate of change. However, when
measuring change, it is important to ensure that the abundance estimates used in these analyses are relevant
and comparable. For example, estimates for relatively small areas may not be good indicators of the size
of a population that occupies a much larger area, especially for highly mobile cetaceans.
Another important consideration in terms of the usefulness of the result is the length of the time-series
available, and likelihood that statistical analyses will be able to detect particular rates of change. Typically,
trends in abundance have been estimated using conventional statistical techniques such as regression. In
such cases, power analysis can be used to indicate the ability of the available (or planned) data to detect
a trend of given magnitude (Gerrodette, 1987). For example, if analysis shows that an estimated trend is
not statistically significant, it is important to know the power of the test to show a significant trend. When
power is low, as it will be for short time series and/or variable abundance estimates, one must be careful
not to infer that lack of a significant trend implied no change. Power analysis can also be used to assess
the length of a time series of abundance estimates, or the CV of those estimates, necessary to detect a trend
of given magnitude. An approximate way of making these calculations is given by Gerrodette (1987):
(Equation 4)

r2n3 ≥ 12CV 2(zα/2 + zβ)2

where r is the annual rate of population change, n is the number of abundance estimates, CV 2 is the squared
coefficient of variation of estimated abundance, zα/2 is the one-tailed probability of making a Type I error
(i.e. accepting a trend when one does not really exist) and zβ is the probability of making a Type II error
(i.e. not accepting a trend when one does exist).
Wilson et al. (1999b) used power analysis to assess the likely time scale and frequency of surveys necessary
to detect given rates of population change, given the variability in the data, for bottlenose dolphins in the
Moray Firth. These analyses indicated that even if annual photo-ID surveys were maintained, it would take
11-12 years to have a 90% chance of detecting a 5% increase or decrease in this population. (Thompson
et al., 2000b) combined a similar analysis with a population viability analysis to argue for a precautionary
approach to the conservation of this population, and Turnock & Mizroch (Turnock & Mizroch, 2002) have
explored the effect of survey frequency on ability to detect trends in abundance. In Section 4, we develop
this approach to compare the effectiveness of alternative sampling strategies for the Moray Firth cSAC.
Because of the high variability and low power of many marine monitoring programmes, there has been
increasing interest in alternative statistical frameworks that can provide more direct advice on the likelihood
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of population change. A more detailed overview of the potential use of Bayesian approaches to this problem
is provided by Durban et al. (2000) and (Wade, 2000). In summary, Bayesian analyses provide a method
that can produce direct probability estimates for the extent to which the available data support two or more
alternative hypotheses. In this case, for example, three alternative hypotheses could be that the abundance
of animals within the cSAC has 1) decreased, 2) increased or 3) remained stable since the last reporting
period. One major advantage of this approach is that the analyses incorporate and illustrate the uncertainty
associated with particular estimates. Thus, if the time-series was short, and the data highly variable, estimates
for the likelihood that each of these three different hypotheses were supported by the data would have wide,
overlapping, confidence intervals. However, as the time-series was extended, levels of uncertainty would
reduce, and clearer advice could be given about the most likely population trend. The disadvantage, at
present, is that these techniques are still relatively novel, and there are no easily accessible analysis
packages that provide a Bayesian equivalent to SPSS or Minitab. Nevertheless, this field is growing fast,
and has been important in underpinning the work of other organisations involved in cetacean management
such as the International Whaling Commission (Harwood and Stokes, 2003).
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4

A S T R AT E G Y F O R M O N I T O R I N G T H E B O T T L E N O S E
POPULATION USING THE MORAY FIRTH cSAC

4.1

Monitoring options

DOLPHIN

4.1.1 Definition of target population & study area

The most fundamental decision for any monitoring programme is the clear definition of the programme goals.
For example, there are several ways in which the target population and study area for this monitoring
programme could be defined.
1.

The number of individuals in the population using the Moray Firth cSAC.

2.

The number of individuals using the Moray Firth cSAC in a given time period.

3.

The density of animals in the Moray Firth cSAC in a given time period.

4.

The number of individuals using one or more sample areas within the Moray Firth cSAC.

In the case of the Moray Firth cSAC, these goals will ultimately be set by SNH as part of the Common
Standards Programme. Currently, these guidelines are only available in draft form, but they contain only one
attribute; the number of individual dolphins using the cSAC. The purpose of site monitoring is to assess
whether the desired condition of the feature of interest is being achieved. In this case, the target is that the
number of dolphins using the cSAC is stable or increasing. The goal of the monitoring programme is
therefore to report on whether the trend in the numbers of animals using the cSAC is increasing, stable or
declining.
Given that the purpose of the cSAC is to promote the favourable condition of the bottlenose dolphin
population that uses the Moray Firth cSAC there are problems with this tightly defined site attribute. Current
data clearly indicate that individual dolphins within this population are highly mobile, with many ranging
well beyond the boundaries of the cSAC. Monitoring the number of individuals that use the cSAC will be
time consuming and expensive, involving survey work at sites across the full geographical extent of the
cSAC. Even if this monitoring provides good estimates of the number of dolphins using the cSAC, it is not
clear how one should interpret trends in this number. The number of dolphins in the cSAC could increase or
decrease, but without information on total population size, it would be impossible to assess the contribution
that the cSAC has made to the (unknown) conservation status of the target population.
We recommend that it is therefore more pragmatic either to use one or more sample areas to provide a
proxy for the number of animals using the cSAC, or to monitor the total population size. However, we
understand that SNH is not currently in a position to conduct any monitoring outside the cSAC. In the
remainder of this section we therefore restrict our discussion to the strengths and weaknesses of the
techniques available to measure changes in abundance of bottlenose dolphins within the cSAC. These
options are discussed further in Section 5.
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Table 3

A summar y table outlining the information that can be collected using each of the
monitoring techniques outlined in this section.

Attribute

Fixed Point

Line-Transect

Visual Acoustic Visual

Acoustic

✔

Numbers in cSAC
Numbers using cSAC

✔

Distribution within cSAC

✔

Mark Recapture
Within cSAC Across Range

✔
✔
✔

Usage of cSAC

✔

Numbers using core areas within cSAC
Usage of core areas within cSAC

✔

✔

Population Size
Population Range
Survival Rate
Reproductive Rates
Population viability

✔
✔

✔
✔
✔
✔
✔
✔
✔
✔
✔
✔

4.1.2 Strengths and weaknesses of dif ferent sur vey techniques

As outlined in Section 3, available monitoring techniques differ considerably in the types of data they
provide (Table 3). If the single requirement is to monitor the number of individual dolphins using the cSAC,
then we suggest that mark-recapture analysis, based upon photographic recognition of individually marked
dolphins, is currently the only practical monitoring technique available. There are, however, a number of
different approaches to collecting and analysing mark-recapture data. These are explored in more detail
below. In addition, to provide a broader comparison of the strengths and weaknesses of different monitoring
options, we also consider a number of additional attributes that might be considered for this site, and for
which other monitoring techniques could be useful. In the following section, we therefore compare the types
of data that can be collected using: 1) visual and acoustic fixed point surveys, 2) visual and acoustic linetransect surveys and 3) mark-recapture surveys either within the cSAC or across the population’s range using
photo-identification techniques.
4.1.2.1 Fixed point sampling

Fixed-point sampling cannot be used to estimate the number of dolphins using the cSAC. Nevertheless, this
method could provide a low-cost method for monitoring patterns in the presence or absence of dolphins in
some of the key coastal areas that the animals frequent within the cSAC; thereby providing information on the
relative use of different parts of the cSAC. These surveys could be based upon ether visual or acoustic methods.
In principle, similar techniques could be used from offshore platforms, or by using remotely deployed acoustic
recorders, but either offshore or acoustic work would significantly add to the expense of this technique.
The main advantages and disadvantages of this approach are outlined in Table 4. As outlined in Section
3, the fundamental disadvantage is that data collected in these small sampling areas may not be
representative of patterns across the rest of the cSAC, and it would be impossible to understand trends in
any of the measured parameters without additional data from other areas.
Nevertheless, data from fixed point sampling could usefully complement other monitoring techniques. In
recent years, several organisations have conducted regular observations from fixed points around the Moray
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Firth cSAC and adjacent coasts. These include local interest groups such as Friends of the Moray Firth
Dolphins, and a volunteer group watching at Chanonry Point, originally established and trained through the
Seawatch Foundation. In addition, regular observations have been made in association with the WDCS
Moray Firth Wildlife Centre in Spey Bay, and the Highland Council Dolphin and Seal Centre at North
Kessock. In all cases these groups have worked closely either with national organisations such as SeaWatch,
or University research groups, to maximise the scientific value of this schemes. These schemes may therefore
offer opportunities to build upon local expertise and increase community involvement in the cSAC.
In particular, previous analyses of data collected from North Kessock have shown that visual shore-based
surveys can provide useful estimates of rates of sightings, and estimates of group size. However, even with
training, there was high variability in estimates of group size (Thompson et al., 2000a). For a long-term
programme, this makes it difficult to reliably use these data to monitor changes in the number of animals
occurring in each area. However, data on the presence or absence of animals during standardised survey
periods provided a robust source of data, and could be used to highlight changes in the frequency of
sightings of animals within these core parts of the cSAC (Thompson et al., 2000a).
In 1998, a permanent hydrophone was established at the Highland Council’s Dolphin and Seal Centre at
North Kessock. The resulting infrastructure has been used to underpin both research and marine interpretation
in this area, and provided an opportunity to assess the potential for using fixed point acoustic monitoring
within the Moray Firth cSAC (Thompson et al., 2000a). Comparison with visual sightings suggested that
acoustic detections provided a reasonable index of abundance for dolphins using the Kessock Channel.
However, habitat-related differences in behaviour may mean that these results do not hold in other parts of
the cSAC. Compared with visual shore-based sightings, analysis effort was relatively high. The additional
resources required for acoustic monitoring can only really be justified if information is required on patterns
of use of the area in all weather and light conditions. Especially given the logistic difficulties of installing
fixed hydrophones on many coasts around the cSAC, these findings suggest that acoustic techniques do not
provide significant advantages for monitoring the Moray Firth cSAC.
Table 4

A summar y of the strengths and weaknesses of using fixed point sampling to monitor
the condition of the population of bottlenose dolphins using the Moray Fir th cSAC.

Strengths

Weaknesses

• Reliable method for monitoring changes in the
probability of sighting animals in core areas within the
cSAC; eg. the Kessock, Chanonry and Cromarty Firth
Narrows.

• Can only be used to monitor relative abundance in a
restricted area close to shore, and there are a limited
number of sites where acoustic equipment can be
cost-effectively installed.

• Non intrusive.
• Collection of data for visual surveys can be carried
out cheaply and involve locally trained observers.

• Visual Observations restricted to daylight hours.

• Local involvement in data collection can contribute to
environmental education programmes and facilitate
wider ownership of the outcome of the monitoring
programme.
• Visual sighting data rapidly available for analysis at
the end of the season.
• Acoustic techniques provide opportunities to collect
data on relative abundance in core areas
automatically during long sampling periods, 24 hours
a day, and in all weather conditions.

• Acoustic sampling requires relatively expensive
equipment, can only easily be used in a few coastal
areas, and requires specialist skills for analysis.
• Manual analyses of acoustic recordings is time
consuming, and inter-observer variability can be high.
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4.1.2.2 Line-transect sampling

Although line-transect methods have potential to estimate the number of animals within the cSAC these
techniques do not provide a practical option for monitoring bottlenose dolphins in this area. Most
importantly, the complex shape of the cSAC, and the known heterogeneous distribution within this area,
would make it extremely difficult, if not impossible, to design and implement shipboard surveys that would
produce unbiased estimates. Other strengths and weaknesses of this technique are summarised in Table 5.
It is, however, important to note that there remains considerable uncertainty over the distribution and habitat
use of bottlenose dolphins outside the coastal waters of the Moray Firth, which has previously constrained
appropriate assessments in offshore areas. Whilst less suitable for abundance estimation, standardised
visual, or combined visual and acoustic, line-transect surveys could provide useful data on wider-scale or
and/or winter distribution of this population.
Table 5

A summar y of the strengths and weaknesses of using line-transect sampling to
monitor the condition of the population of bottlenose dolphins using the Moray
Fir th cSAC.

Strengths

Weaknesses

• Visual line-transect surveys can be used to estimate
abundance in a pre-determined area such as the
cSAC.

• The complex shape of the cSAC makes it difficult to
design unbiased shipboard surveys for abundance
estimation.

• Visual and/or acoustic surveys throughout the whole
cSAC would also provide useful data on relative
abundance in different parts of the cSAC.

• Estimates of abundance within the cSAC would
require surveys to be made throughout the whole
area, requiring larger boats suitable for offshore
work.

• Acoustic surveys can be carried out in poor light.

• Acoustic surveys cannot be used to provide estimates
of absolute abundance within an area.

• Line-transect surveys could provide data on relative
distribution and abundance of other cetaceans within
the cSAC.

• Visual surveys require fine weather to provide good
sighting conditions.

• Less intrusive than photo-ID boat surveys because
dolphins are not intentionally approached.
4.1.2.3 Mark-recapture analysis

We recommend that mark-recapture analysis of photo-identification data is the most appropriate method for
estimating the abundance of well-marked populations of coastal cetaceans. It is also used as the preferred
tool for undertaking more detailed studies of the population dynamics of bottlenose dolphins throughout the
world. As outlined above, given the current site attributes, this technique provides the only realistic option for
monitoring the number of dolphins using the cSAC. Nevertheless, there remain a number of advantages and
disadvantages that should be considered when developing a monitoring programme using this technique,
and these are summarised in Table 6. Furthermore, there are a number of options when designing surveys
to collect appropriate photo-identification data, and these are explored further in Section 4.2.
In the Moray Firth, one key advantage of using photo-identification techniques is that a long time-series of
data already exists, providing a baseline that could be drawn upon for future assessment of the condition
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of this population. Previous research in this area has specifically focused on developing appropriate field
and analytical techniques for studying the population dynamics of bottlenose dolphins, providing additional
individual-based information to underpin assessments of heterogeneity and other potential biases involved in
mark-recapture analyses. Associated data from areas outside the cSAC also provide an indication of the
relative importance of this area to the population as a whole. In this way, photo-identification data can be
used to estimate other key population parameters such as adult survival and reproductive rates which, in turn,
can be used in population models to provide estimates of future viability. Unlike line-transect methods, where
sampling would be required across the cSAC, mark recapture estimates could be based on data collected
in one or more representative sample areas, either across the cSAC or over the population’s range.
The technique is not, however without its disadvantages. Like line-transect surveys, skilled staff are required
to conduct surveys, and photo-identification also requires a considerable input of time from experienced staff
for photo-analyses. Not only does this affect the cost of the abundance estimate, but it also means that there
can be a considerable delay between the end of surveys and the production of the resulting abundance
estimate. Skilled staff and robust quality control procedures are important for single closed population
estimates, but longer-term continuity of staff and quality control become even more crucial where a catalogue
is maintained over several years to provide open population estimates or estimates of survival. Furthermore,
previous photo-ID data from this population are not currently in the public domain, but held by research
groups currently undertaking long-term studies of the dynamics of this population. Thus, monitoring
assessments that require access to these data must either by carried out by these groups, or conducted in
partnership with these groups.
One disadvantage that was not anticipated when photo-identification surveys were initiated in the Moray
Firth, is the potential bias that can result from changes in the population’s range. Wilson et al. (1999b) used
a standard survey route through the inner firth to estimate abundance using 1992 data. At this time, most
marked individuals in the population visited this area within a single season, and the population estimate
based upon these surveys was similar to that using data from throughout the population’s range. On the basis
of these findings, Wilson et al. (1999b) recommended that annual monitoring be based primarily upon
continued standard surveys within the inner Moray Firth, with occasional surveys in other parts of the range.
However, it has since become apparent that the population range has expanded (Wilson et al., in press),
and that the use of some parts of the inner Moray Firth survey route has declined. The resulting decrease in
the probability of sighting individuals on our main survey route led to a reduction in sample sizes for mark
recapture estimates. Furthermore, it raised the possibility that there could have been an increase in
heterogeneity of capture probabilities, which could theoretically introduce a trend in the bias associated with
our population estimates. This experience highlights one danger of using fixed survey routes, or fixed survey
areas, as the basis for collecting photo-identification data. At the same time, it illustrates one of the key
advantages of this technique, because survey routes can be altered adaptively if other information suggests
that this increases the probability of sighting. For example, given this experience, we stopped following the
standard inner Moray Firth survey route in 2000, and have since made more opportunistic surveys in those
parts of the inner firth currently being used by most individuals. This approach has helped reduce
heterogeneity and the confidence intervals around our more recent annual estimates (Figure 3).
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Table 6

A summar y of the strengths and weaknesses of using mark-recapture sampling to
monitor the condition of the population of bottlenose dolphins using the Moray
Fir th cSAC.

Strengths

Weaknesses

• Only technique that can be used to estimate total
population size and key population parameters such
as survival.

• Relatively expensive in terms of equipment,
consumables and requirement for specialised staff
time.

• Estimates of population size can be based upon
surveys made in discrete sampling areas within the
population’s range.

• Surveys can only be carried out in good light and
weather conditions.

• Raw data can be archived to permit re-analyses and
reliable comparison between years.

• Some staff continuity required if catalogue of known
individuals to be maintained across years and open
population models used for estimation.

• Data from these studies can provide an important
resource for environmental education and ecotourism.

• Analyses of photographic data is time consuming and
requires specialist skills.

• Existing 15 year data set provides a good basis for
long-term monitoring and ongoing long-term research
projects provide opportunities to integrate research
and monitoring programmes.

• Low sightings frequency on pre-determined areas may
prevent estimation of annual abundance estimates, or
reduce accuracy.

4.2

• Potential disturbance of animals by boats if intensive
data collection is required.

Exploration of alternative photo-identification sampling strategies

In the following section, we use existing data to explore alternative sampling strategies for photoidentification should this option be adopted for monitoring bottlenose dolphins in the Moray Firth. In
particular, we consider the advantages and disadvantages of using: different sampling areas, different
frequencies of surveys both within and across years, and the timing of those surveys made in each year.
The existing photo-identification data used to explore these strategies were collected from the population
of bottlenose dolphins using the Moray Firth cSAC, following the general techniques described in Wilson
et al. (1997a) and (1999b). We used data from summer sampling periods (May – September) to ensure
comparability between years. Between 1990 and 1999, data from the inner Moray Firth were collected
by following the standard survey route described in Wilson et al (1997a) and shown in Figure 6. From
2000, inner Moray Firth data were collected from more opportunistic surveys that started from Cromarty and
aimed to follow routes that would maximise our probability of encountering dolphins. These were generally
within the Sutors, Eathie and Three Kings areas shown in Figure 8. Outside the inner Moray Firth, data were
collected from more opportunistic surveys that varied in location from year to year in response to reports of
sighting from other sources. The areas used to describe the location of these other encounters are shown in
Figure 9.
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Figure 8

Map of the inner Moray Fir th showing the location of areas mentioned in the text.

Figure 9

Map of Nor thern Scotland showing the broad areas in which photo-identification
sur veys were made between 1990 and 2002.
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4.2.1 Spatial coverage of sur veys

Given the logistic difficulty and expense of surveying across the whole cSAC, we previously recommended
(Section 4.1) that one or more sample areas be used as a proxy for the number of animals using the cSAC.
There are no systematic data on the distribution of bottlenose dolphins across the whole cSAC. However,
based on the data that are available, the most suitable option for a single sampling area is to use numbers
in the inner Moray Firth area as a proxy for the cSAC. Whilst we cannot assess whether this method provides
a reliable indication of changes in the number of dolphins using the cSAC, we can compare data from the
inner Moray Firth with data from other sampling areas outside the cSAC. This analysis therefore provides an
indication of whether estimates based upon inner Moray Firth surveys provide a good proxy of overall
population size.
Figure 10

Abundance estimates of the bottlenose dolphin population occupying the Moray Firth
based on sightings in the inner Moray Firth (black diamond) and based on sightings from
sample areas across the population’s known range (red squares). Abundance estimates are
based on the techniques outlined in Wilson et al. (1999b) and are averages of estimates
using left side and right side photographs. As an approximation, lower confidence
intervals are the maximum value for left or right hand side data. Upper confidence

Abundance estimate

intervals are an average of the upper confidence intervals for left and right hand sides.

As found by Wilson et al. (1999b), 1992 data from both inner Moray Firth surveys and surveys from other
parts of the population’s range produced similar abundance estimates (Figure 10). However, data from
subsequent years suggest that estimates based upon inner Moray Firth surveys do not provide a consistent
index of overall population size (Figure 10 & 11). Related observations of the ranging patterns of individually
recognisable dolphins (Wilson et al. In press) suggest that there has been a change in the population’s
penetration into the inner Moray Firth sampling area over the last 12 years. Thus, if the inner Moray Firth is
used as a proxy for the overall use of the cSAC, it must be recognised that this may not be direct index of the
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number of animals using the cSAC in the longer term. If adopted, this option should therefore be periodically
reviewed in the light of other available data on area use and movement patterns. We recommend that this
review be carried out every six years. Ideally, targeted survey work should also be carried out to provide data
on the distribution and relative abundance of dolphins in different parts of the cSAC.
Another consideration when determining which sampling areas to use, is the extent to which the population
is structured. For example, if all age, sex and social groups mix randomly through the population’s range,
then it may be appropriate to use one or two sampling areas. If, on the other hand, different parts of the
population use their range in contrasting ways, sampling in just part of that range could weaken the
monitoring programme in two ways. First, it could increase heterogeneity of capture probability. This could
be a particular problem if there is temporal variability in ranging patterns, because the extent of resulting
biases could vary through the time series. Second, if populations are highly structured, and programmes are
monitoring changes in just one part of the population, estimates of future viability based upon these data
may not represent the population as a whole.
Early data from this population indicated that there was structuring in the way in which different individuals
used the inner Moray Firth (Wilson et al., 1997a). There are limited data on the age and sex of these
dolphins, but we are able to further explore the extent of spatial and social structuring by estimating the
likelihood that two individuals in the population would be encountered together in a group. If the population
was not structured, any two given individuals should have an equal probability of being encountered
together. We used the 91 individuals that had been seen more than 10 times in the core study area (Eathie,
Sutors, Three Kings) during the 13 year data set to minimise sampling bias (Chilvers and Corkeron, 2002),
and then calculated an association index based on the number of times they were seen together and seen
apart. We then determined which pairs were seen together more often than expected by chance by
randomly permuting individuals within groups 500,000 times. These pairs were then considered to be those
representing meaningful association between individuals (Connor et al., 2001; Owen et al., 2002).
Temporal variation in the extent to which estimates from inner Moray Fir th
sur veys provide a proxy of total population size. Plotted data are the ratio of
inner Moray Fir th estimates to the estimate of total population size based upon
all sur veys made in that year.

Abundance cSAC/total abundance

Figure 11
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Figure 12

The network of individuals obser ved more than 10 times during the study period
in the central region of the cSAC (Eathie, Sutors, Three Kings). Each node
represents an individual and each line an association occurring more often than
expected by chance. The presence of communities, i.e. individuals with more links
with one another than with others, was assessed using the Newman-Gir van
algorithm. The algorithm determined there were two communities in the
population (grey and black nodes). Circles are individuals that have only been
seen in the inner Moray Fir th study areas, triangles are individuals that have
been encountered both within and outside the cSAC.

We used the Newman-Girvan algorithm to detect the presence of communities within these 91 individuals,
as this has detected meaningful groupings both in bottlenose dolphins (Newman and Girvan, 2004) and
in other species (Girvan and Newman, 2002; Newman and Girvan, 2004). This analysis indicates that
this sample of dolphins represent two distinct but linked social communities (Figure 12). These groupings
were identified through social affiliations in one geographical area, but they clearly also have different
ranging patterns. This is reflected in the extent to which dolphins from each social community have been
observed in different sampling areas, both within and outside the cSAC (Figure 13). Broadly, we can classify
these two communities as inner firth and outer firth social communities based upon these analyses. These
analyses are re-assuring, in that they suggest that regular surveys in inner firth areas such as the mouth of the
Cromarty Firth provide good opportunities for sampling individuals from both these communities.
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Figure 13

The propor tion of individuals from each community captured between 1990 and
2002 in each area of study. Bold numbers above each area represent the total
number of individuals identified in that area and in italics are number of
encounters in that area. See Figures 8 & 9 for locations of dif ferent sampling
areas.

4.2.2 Frequency of sur veys within a season

In general, the precision of mark-recapture abundance estimates will improve as capture probability
increases. Capture probability, in turn, should increase as more surveys are undertaken. However, beyond
a certain number of surveys the gain in precision is likely to be minimal and may not be justified on cost
grounds. We explored how variations in the number of surveys carried out each year influenced the
precision of annual abundance estimates in two ways.
First, due to logistic constraints, the annual abundance estimates made between 1990 and 2002 (Figure
3) have been based on between 7 and 42 surveys. We were therefore able to determine how the CV of
these annual estimates varied in relation to the number of surveys made in that year. Estimates were made
both for abundance estimates based upon inner Moray Firth surveys and for those using surveys from all
areas. As expected, the CVs were variable, and declined as the number of surveys increased (Figure 14).
To obtain a more precise relationship between CV and survey number, we sub-sampled data from 2002;
the year with the largest number of surveys. We varied survey number from 5 to 42 by randomly removing
surveys from the dataset, and estimating abundance and the associated CV based upon these different
sample sizes. We repeated the random removals three times, and averaged the CVs obtained for each
sample size. These values followed closely the empirical estimates obtained from each of the annual datasets
(Figure 14). Wilson et al.’s (1999b) population estimate using 1992 data had a CV of 0.15, and this value
was used to compare the power of different sampling strategies to detect trends in abundance. Based upon
the data in Figure 14, we recommend that one should aim for at least 15-20 surveys in each year to obtain
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a CV of 0.15 or less, but there may not be great benefit in carrying out more surveys. However, it must be
remembered that it is capture probability, rather than survey effort per se, that influences this CV. Therefore,
if other factors increase or decrease average capture probability on these surveys, the number of surveys
may need adjusting accordingly. This, for example, was our rationale for moving from standard surveys
(which showed a declining capture probability over the years) to more opportunistic surveys in 2000.
Figure 14

The coef ficient of variation around population estimates in relation to the number
of photo-identification sur veys in each year. Symbols are obser ved CV for the
respective number of sur veys carried out in each year between 1990 and 2002.
Symbols with error bars (±1 SE) are average CVs after random removal of
sur veys from the 2002 data.

4.3.2 Timing of sur veys within a season

One way to increase capture probability is to focus survey effort during those periods of the year when
photo-identification surveys will be most efficient. The two factors that are likely to have the greatest influence
on survey efficiency are, first, the availability of suitable weather conditions for taking high quality
photographs and, second, the relative abundance of the sampled population within the chosen study area.
In recent years, surveys have been made during the period May – September to spread effort through a
season that is likely to include sufficient days with suitable weather conditions. If specialised staff need to
be contracted throughout the survey period, it may be possible to restrict this survey period further, focusing
on the period when surveys are most likely to encounter groups of dolphins. Wilson et al. (1997a) previously
showed that more individuals used the inner Moray Firth during June and July, and subsequent data suggest
that this pattern has remained consistent through the time series. (Figure 15).
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Figure 15

Average number of individuals identified on each sur vey for each month between
1990 and 2002. Error bars are ±1 SE.

We explored the consequences of concentrating sampling effort during these two months by sub-sampling
data-sets from 1992, 1999, 2001 and 2002. In each of these years, we used CAPTURE to provide an
estimate of abundance based only on surveys made during June and July. Because the CV of these estimates
has already been shown to vary with sample size, we compared these estimates with those based on the
same number of randomly selected surveys from the whole five month summer sampling period. These
analyses suggest that restricting the sampling to June and July generally provided more precise estimates than
if the same number of surveys had been spread throughout the season (Table 7).
Table 7

The ef fect of concentrating sur vey ef for t during the June-July period on the
population estimate and its coef ficient of variation.
June & July Surveys

Year

n

1992

5

1999

6

2001
2002

No. Marked Dolphins

May to September Surveys

N̂

CV

55

357

0.341

35

92

16

119

19

81

No. Marked Dolphins

N̂

CV

46

482

0.324

0.327

29

228

0.674

212

0.099

102

284

0.141

177

0.100

88

228

0.148

Whilst this suggests that there may be advantages in restricting sampling to June and July, there are potential
disadvantages that must also be highlighted. In some years, weather conditions can prevent a suitably large
sample of surveys being made during these months. Even in the best of years, it may only be possible to
obtain the required number of surveys if multiple platforms are used (as was the case in 2001 and 2002).
Crucially, if future surveys are restricted to a narrower survey window, the resulting estimates will not be
comparable with the baseline estimates for 1990-2002 presented in Figure 3. These previous data would
need to be re-analysed using a restricted dataset; but it should be recognised that sample sizes for some
earlier years would then be too small to provide precise estimates. Finally, restricting sampling to this period
may benefit abundance estimates, but could constrain other uses of the data. For example, analyses of
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surveys from previous years suggest that encounters with newborn calves, which provide a useful measure
of reproductive success (Sanders-Reed et al., 1999), occur during the latter part of the May to September
survey period (Figure 16). On balance, we recommend that surveys should ideally be spread through the
summer (May to Sept) sampling period. However, if logistic constraints mean that survey effort must be
restricted, this work should focus on the months of June and July.
Figure 16

Average number of newborn calves encountered per sur vey on each month
between 1990 and 2002. Error bars are 95% confidence inter vals.

4.3

Frequency of abundance estimates within 6-yearly repor ting periods

In the above analyses, we explored the impact that varying survey frequency within a year has upon the
annual estimate of abundance. The monitoring programme’s ability to detect trends in abundance will also
be influenced by the frequency with which each of these closed population estimates is made. Wilson et al.
(1999a) previously used Gerrodette’s (1987) generalised equation to compare the power of different
monitoring programmes to detect a hypothetical 5% population decline; a value close to the most probable
trend predicted by Sanders-Reed et al.’s (1999) viability analysis for this population. Even when relaxing the
probability of both Type I and Type II errors to 0.1, these analyses suggest that it would take 8 years to
detect a population decline. If estimates were made only every two or every three years, the time to
detection would increase to 10 and 12 years respectively (Wilson et al.1999a).
Common standards monitoring requires reporting of the condition of features of interest to be made every
six years. Our analyses suggest that current survey methodologies and analytical frameworks are unlikely to
provide a robust assessment of changes in the status of this population over a single six year reporting cycle.
It should therefore be recognised that these techniques can only be expected to provide assessments of
population status after the equivalent of two six-year reporting intervals. Decreasing the survey frequency to
once every two or three years should still permit a 5% decline to be detected within 12 years. We therefore
recommend that the minimum frequency of abundance estimates, given the relaxed probability of both Type
I and Type II errors, should be once every three years. However, given that ecologically important declines
could be more subtle than the 5% used in Wilson et al.’s (1999b) analyses, we also recommend that efforts
be made both to increase the frequency of these estimates if at all possible.
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5

PROPOSED MONITORING STRATEGY

5.1

Site attributes table

The draft Common Standards Guidance for marine mammals currently contains only one attribute for
monitoring the bottlenose dolphin feature in the Moray Firth cSAC. We propose that the site attribute table
for this cSAC should be extended to contain other attributes that would facilitate the assessment of the
condition of the featureEven if these attributes are not monitored as part of the core statutory monitoring
programme, we recommend that reporting procedures should take advantage of other sources of information
and integrate all available data to provide the best possible advice on the current condition of the feature.
This approach is developed further in the section below on data analysis, interpretation and dissemination.
Table 8

Proposed site attribute table for the Moray Fir th cSAC.

Sub-feature

Attributes

Objective

Measure

Target

Monitoring methods

Dolphins using
the MF cSAC

Numbers

To avoid a
long-term decline
in dolphins using
the cSAC

Number and trends
in numbers of
individual dolphins
using the cSAC

A stable or
increasing number
of dolphins using
the cSAC

Photo-ID and
Mark-Recapture

Usage

To determine
importance of the
cSAC to the
dolphins

Probability of
sighting different
individuals and
social groups within
the cSAC
Probability of
sighting dolphins in
core-areas within
the cSAC

Dolphin
population

Maintain or
increase level of
use within the
cSAC

Fixed point
visual sampling

Size

To avoid a longterm decline in
the population

Population size
and trends

A stable or
increasing
population

Photo-ID and
Mark-Recapture

Viability

To prevent
extinction

Probability of
extinction as
estimated by PVA
using:
• Mortality rates
• Birth rate
• Population size

<10% probability
of extinction in
100 years
(following IUCN
category)

Photo-ID and
Mark-Recapture

Rates of exchange
between the cSAC
and other parts of
the population
range

Increase and/or
maintain level of
use within the
cSAC

Usage

5.2

Photo-ID and
Mark-Recapture

To determine
importance of
the cSAC and
other key areas
to the dolphins

Rates, composition
and causes of
strandings
Photo-ID and
Mark-Recapture

Monitoring technique

We recommend that photo-identification and mark-recapture analyses provide the most robust method for
estimating the abundance of bottlenose dolphins in this coastal area. As discussed above, this technique can
also provide data on the other proposed attributes if these are included in the monitoring programme.
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As requested by SNH, we provide several alternative monitoring options, that focus only on surveys that are
to be conducted within the cSAC.
1.

Option A. provides what we consider to be the minimum information required for reporting on the
condition of the site. This involves estimating abundance within a single core area, at three-yearly
intervals, and assuming that we can use this abundance estimate as a proxy for the number of animals
using the Moray Firth cSAC.

2.

Option B. extends this approach by incorporating land-based surveys from other core-parts of the
cSAC, thereby providing information on changes in local distribution that would influence inferences
based upon photo-ID sampling in a single core area.

3.

Option C. uses the same approach as Option A, but increases the frequency of surveys to provide
annual estimates, thereby increasing power to detect changes in abundance.

4.

Option D. extends the geographical coverage of photo-ID surveys, to include sampling in two other
areas. The addition of other areas in offshore waters would improve estimates of the number of
animals using the cSAC. Sampling in all areas would occur every three years.

5.

Option E. finally builds upon Option D by carrying out annual surveys in both the core survey area
and two additional survey areas.

Estimates of abundance should each be based upon surveys that are carried out 15-20 days within the MaySeptember sampling period (see Section 4.2.2). Table 9 summarises the frequency at which these estimates
should be made in the core area, and supplementary land-based or photo-ID survey areas.
Table 9

Frequency of sur veys used under the five dif ferent monitoring options.
Photo-ID Core Area

Photo-ID Supplementary Areas

Land-based survey areas

Option A

3 yearly

–

–

Option B

3 yearly

–

3 yearly

Option C

Annual

–

–

Option D

3 yearly

3 yearly

–

Option E

Annual

Annual

–

Alongside these various measures of abundance within the cSAC, we also recommend that there is
continued surveillance of stranded bottlenose dolphins. These data can provide a crucial early warning of
unusual mortality events that could affect the future viability of the population.

5.3

Spatial coverage of sur veys

The area around the mouth of the Cromarty Firth has been consistently used by dolphins from both the social
communities in this population. For Options A to E, we therefore recommend that this area is used as the
core survey area for monitoring dolphins within the cSAC. In practical terms this should equate to the areas
Eathie, Sutors and Three Kings on Fig 8.
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In Option B, we recommend that land-based surveys be conducted at three points to determine relative
abundance in other parts of the cSAC. Suitable locations would be at Tarbat Ness, Burghead and Chanonry
Point. The resulting data would shape both the inferences drawn from photo-ID estimates of abundance in
the core sampling area, and the identification of the best location for that core-sampling area.
The selection of additional photo-ID survey areas for Options D & E is currently constrained by a lack of
information on the distribution of bottlenose dolphin within the cSAC. We recommend that sampling should
be carried out in at least three areas so that multi-site capture-recapture techniques can be used to provide
an alternative framework for estimating abundance, and an estimate of rates of movement between different
parts of the cSAC. Preliminary surveys should therefore be made in the W, NE, and SE corners of the cSAC,
but the selection of sampling areas should be adaptive, so that photo-identification studies can be conducted
in areas with the highest probability of capture.

5.4

Sur vey methods

As outlined earlier, mark-recapture estimates require a representative sample of high quality pictures of dorsal
fins. Survey and analysis procedures must also ensure that these pictures can be reliably linked to data on
the location and time at which the photographs were taken. This is most easily achieved by maintaining a
GPS log of all survey routes, and ensuring that the time of individual photographs can be linked both to the
survey route and associated field notes on group size etc. Where individual histories are being matched
across years, we also recommend that every photograph used to confirm an individual sighting is archived
alongside these data to provide full transparency across the whole data set. Detailed guidelines reviewing
the procedures used to obtain and process such data are provided in Parsons (2003). In this section, we
highlight those key issues that need to be considered when using photo-identification surveys as a tool for
monitoring in the Moray Firth cSAC.
Licensing requirements. Monitoring work must be carried out within legislation governing both wildlife
protection and health and safety at sea. Because survey vessels need to approach groups of dolphins to
obtain high quality photographs, this could constitute deliberate disturbance. All photo-identification survey
within the cSAC should therefore be carried out under a research licence from SNH. Survey vessels will also
need to meet the standards set out in the MCA Workboat Regulations, requiring annual inspections and
safety equipment appropriate to the area of use. The need to survey offshore parts of the cSAC is likely to
require additional safety equipment on board compared to work within 3 miles of land. Whilst the use of a
larger survey vessel for offshore work may facilitate these safety requirements, it may be more difficult to
obtain good quality photographs from such vessels. Finally, persons skippering the survey boat must be
suitably qualified under MCA regulations, and named on the SNH licence.
Photographic equipment. Given the nature of marks on the dolphins, and the light and sea conditions
typically prevailing in the Moray Firth, we recommend using an SLR camera with a telephoto lens equivalent
to 300mm on a 35mm system. If using 35mm film, then colour transparency film is recommended, and a
databack to record the date and time at which pictures were taken is essential. However, recent experience
suggests that professional quality digital SLR cameras now have sufficient speed and resolution for photoidentification, and provide significant advantages when processing and archiving data. Images should be
saved in a well known, standard, open format such as JPEG. This will ensure that images will be accessible
by software in the future. Original unaltered images should be archived. These original downloaded
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electronic images should be stored with EXIF data. This will ensure that information relating to camera details
(focal length, exposure etc.) are also saved.
Field recording. We recommend that the following be considered the minimum information to record in the
field. First, there should be a complete log of the time and route of each survey. This is most easily achieved
by ensuring that the survey vessel has an onboard GPS that can later be downloaded to a GIS. Second, a
data recording sheet should be completed every time that a group of dolphins is encountered. Ideally,
pictures should be obtained from every individual, or at least a random sample of individuals from each
group. Data recording sheets should therefore be designed to record which photographic frames were taken
in which area. They should also record field estimates of group size, to subsequently provide an indication
of whether all individuals in the group had been photographed, and the presence of young calves.
Photo-analysis. Only high quality photographs should be included in the mark-recapture analysis. Where
data are being used primarily to estimate abundance, it therefore makes sense to make quality grading the
first step of any photo-analysis. The grading criteria used in previous abundance estimates for this population
are given in Appendix I. For each encounter, high quality photographs should then be analysed to determine
how many photographed individuals carried marks that could be reliably re-identified. This part of the
analysis assumes that all individuals can be recognised within an encounter, thereby allowing one to use the
average proportion of “well-marked” individuals from each encounter. Estimates should be made separately
for animals photographed from both the left hand side and the right hand side. For the “well-marked”
individuals, comparison should then be made with other photographs to identify which photographs
represent re-captures. If independent closed population estimates are being made, then pictures could simply
be matched within a single season. However, if open population estimates, survival estimates, or any other
individual-based comparisons are being made, it is more likely that these pictures will be marched against
an existing database of photographs. Especially where animals are being matched across years, it is
essential that procedures are in place to confirm matches. All electronic data should therefore be archived
on at least two different sites, and stored in an open format to ensure they will be accessible to software in
the future.

5.5

Risk analysis

Even in optimal circumstances, cetacean surveys have limited power to detect changes in abundance within
the timeframes dictated by the common standards monitoring. Efforts to reduce the cost of annual surveys,
for example by restricting the duration of sampling seasons, must therefore be balanced against the risk that
factors such as poor summer weather could further reduce sample sizes and power. Other factors that could
reduce survey effort include failure of equipment or problems with survey vessels, which could be mitigated
by ensuring that essential equipment that cannot be hired at short notice is duplicated.
Photo-identification based mark-recapture surveys require staff with a broad range of specialist skills and
qualifications. Monitoring programmes that depend upon these specialist skills for short periods of the year
run the risk that suitable staff cannot be recruited at appropriate times. One option to mitigate this problem
is to provide appropriate training for existing SNH survey staff, who could also continue to carry out other
duties at other times of year. Another option is to work in partnership with other organisations that are already
carrying out photo-identification studies, such that the integration of regular monitoring into those
programmes can help retain skilled staff.
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Table 10

Specific risks associated with dif ferent monitoring options.

Specific Risks
Option A

• Cannot relate changes in the cSAC to overall condition of the population.
• Infrequent survey period increases difficulty of recruiting specialist staff.
• Cannot quantify ability of core survey area to act as proxy for numbers in the cSAC.
• Extremely low power to detect trends <5% p.a.

Option B

• Cannot relate changes in the cSAC to overall condition of the population.
• Infrequent survey period increases difficulty of recruiting specialist staff.
• Extremely low power to detect trends <5% p.a.

Option C

• Cannot relate changes in the cSAC to overall condition of the population.
• Cannot quantify ability of core survey area to act as proxy for numbers in the cSAC.

Option D

• Cannot relate changes in the cSAC to overall condition of the population.
• Infrequent survey period increases difficulty of recruiting specialist staff.

Option E

• Cannot relate changes in the cSAC to overall condition of the population.

Annual closed population estimates could in theory be made through a series of entirely independent studies.
However, if open population estimates, or the maintenance of a long-term catalogue of recognisable
individuals are required, then there is a risk that the quality of data could be eroded if collection and
stewardship of the data passes between a number of organisations.
The population of bottlenose dolphins using the Moray Firth cSAC is one of the best studied in the world.
This offers many advantages to the management of this site, but the fact that statutory monitoring is likely to
form only a small part of the research on this population also poses some risks. Sampling variability can be
extremely high in these studies, and results may be strongly influenced by the spatial and temporal scale of
sampling. Consequently, it is likely that data collected in different ways, or by different groups, or at different
times, may lead to contrasting inferences. We therefore recommend that assessments of site condition should
aim to integrate data both from the core statutory monitoring programme, and from other available sources.
Many of these risks are generic to all the monitoring options presented here. Table 10 summaries specific
risks posed by choosing each of these options.

5.6

Data analysis, interpretation and dissemination

Based on existing data, we recommend that the analysis and interpretation of photo-identification data
should be based upon established methods (CAPTURE and regression analysis) to assess status by modelling
changes in a time-series of closed population abundance estimates (Wilson et al., 1999). At the same time,
we draw attention to the rapid development of alternative statistical frameworks for assessing population
status, and ongoing work on our Leverhulme Trust Grant that aims to adapt these techniques for this
population of bottlenose dolphins. Importantly, this work aims to incorporate data from a variety of different
sources (such as photo-identification surveys, strandings programmes and land-based sightings) into a
quantitative assessment of trends in abundance. We anticipate an alternative Bayesian framework for
analyses of these data becoming available within the next 2-3 years. Methods for analysing and presenting
survey data should therefore be reviewed once this project has been completed.
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In the meantime, we believe that the proposed survey techniques will provide robust data that are suitable
for use both in existing frequentist analysis and forthcoming Bayesian framework. To ensure that these data
are transparent and open to further analysis, we recommend that the results of annual surveys be reported
with the following level of detail as a minimum standard. Additional data would be required of additional
site attributes are adopted.
1.

Record of the time and route of all surveys.

2.

Field record of the location, size and composition of each group of dolphins encountered.

3.

Record of the number of high quality photographs obtained from left and right hand sides during each
encounter.

4.

A clear record of the procedures used to grade photographic quality and of the types of natural marks
used to define “well marked” individuals. Particularly if data are to be analysed by several different
groups over a period of years, this is an area where additional research may be required to validate
subjective assessments of well-marked animals. It is also essential that archive photographs are
available for re-classification is new procedures are adopted in the future.

5.

Record of the number of well marked and unmarked individuals in the sample of left and right hand
side photographs from each encounter.

6.

A matrix showing the presence or absence of each well marked dolphin in high quality photographs
from each encounter.

7.

Archived high-resolution digital photographs of the best left and right hand side picture taken of each
well marked individual recorded in each encounter.

8.

A closed population estimate of the number of well marked individuals using the survey area (Using the
Mth model in CAPTURE.)

9.

An estimate of the total number of individuals using the study area produced by inflating the above
CAPTURE estimate with data on the proportion of well-marked individuals photographed in each
encounter.

5.7

Resource requirements

The resource requirements for this monitoring programme will depend upon which survey option is selected,
and which site attribute(s) are used to assess the condition of the site. Another important consideration is
whether the monitoring programme is established as a stand alone survey programme, or whether it is
integrated with other ongoing studies of this population. It is therefore not currently possible to provide
definitive costings for a monitoring programme. Instead, this final section provides a brief overview of the
resource requirements that SNH will need to consider when determining the likely cost of different monitoring
options. Table 11 provides a summary of the relative resource requirements and outputs for the different
monitoring options. These estimates are approximate, but do provide an indication of the comparative cost
of the different monitoring options.
Equipment. The key items of equipment that are required for these photo-identification surveys are
professional quality digital SLR cameras and lenses and a fully equipped, MCA approved, boat suitable for
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inshore and offshore work. Suitable camera equipment is likely to cost in the region of £3-4000. We
recommend the use of a 5–7m rigid hull inflatable boat for work of this kind, which will cost in the region
of £25-30,000 with all safety equipment. Both camera equipment and boat equipment will require annual
servicing and inspection. Not including staff time or major breakages, this is likely to cost £2-3,000 per
annum. Another option is to hire survey boats, but availability of suitably certified boats and skippers can
constrain work in many areas. Finally, digital analysis of photographs will require a dedicated dual-screen
computer, and hardware for rapid duplication and archiving of pictures at different sites. Appropriate
hardware and software should cost in the region of £3000.
Survey costs. The key costs for survey work are staff time. Each survey will require a minimum of three
persons, including one experienced and qualified boat handler, and one skilled researcher with photoidentification skills. Overall staff requirements for surveys can be calculated on the basis of the number of
days on which surveys need to be carried out over a season to produce each abundance estimate.
However, this must take account of the fact that surveys should be spread through the season and cannot
be conducted on every day as planned due to unfavourable weather conditions. It should also be
anticipated that intensive boat based surveys of this kind are likely to require up to one person day per survey
spent maintaining equipment. At least one person day per survey should also be allocated to data
organisation, photo backup and archiving immediately after the survey. Overall, we therefore recommend
that a minimum of 5 person days be allocated to each survey in the core study area. Additional staff time
and travel and subsistence costs may be required if sampling is carried out in other areas. Similarly, fuel
costs associated with each survey will depend upon the location of sampling areas, and the extent to which
surveys are carried out in offshore waters. The cost of land-based surveys are based on lone-working in the
field, and 15 days of observations at each sampling site over a summer fieldwork season.
Photo-analysis. The time required for photo-analysis depends upon both the number and quality of
photographs taken, and the experience of the staff matching the photographs. If new staff have to be
recruited for each annual set of surveys, then time will need to be allocated to training. If photographs are
to be matched against existing catalogues for open population estimates then new staff that are experienced
in photo-identification techniques will also require some familiarisation of the local photo-archive. In our
experience, we suggest that one should allow a minimum of 3 months for the 20 surveys in Option A, and
4–6 months to fully analyse an annual set of up 40 surveys for multiple sampling areas.
Data analysis and reporting. As outlined in this report, research work is currently being undertaken to
develop new frameworks for reporting the results of photo-identification monitoring programmes. In the
meantime, we estimate that one should allow another 1–2 months to complete the data analysis, quality
assurance and reporting of survey results using existing techniques.

5.8

Key recommendations

Given current information on this population, we suggest that Option A provides the minimum level of
monitoring required to give an indication of trends in the number of animals using the cSAC. The efficiency
of the use of this core-sampling area, and the most appropriate analytical techniques, should be reviewed
within 5 years but, currently, this option should provide the level of information required by SNH for reporting
to the EU. Nevertheless, Option B would be an improvement upon this by allowing inference to be made
about the relative abundance in this proxy survey area and other parts of the cSAC. We therefore suggest
that that this would be worthwhile pursuing if funding permits.
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Around 20 surveys in the core-sampling area should ideally be regularly spaced throughout the period May
to September, thereby providing data that can build upon existing baseline estimates. These surveys should
only be carried out on days with good light conditions and sea state <3 to provide the maximum number
of high quality pictures.
Options C to E either provide more direct estimates of numbers in the cSAC, or increase the power of the
monitoring programme to detect trends in abundance. However, given that the resulting information on trends
provides no useful ecological information, we recommend that this additional survey effort would not be
worthwhile.
We do however strongly urge SNH to explore any mechanism that can place their minimum level of
monitoring into a broader context that allows the number of dolphins using the cSAC to be related to total
population size. This would have many advantages, including the potential to use data to estimate the other
potential site criteria outlined in Table 8. It would also mean that the monitoring programme was robust to
any subsequent changes in the boundaries of the cSAC. Without this, a future change in the site boundary
would mean that ongoing monitoring cannot be used as a baseline for monitoring the new site.
We understand that SNH cannot spend public funds on monitoring outside the cSAC. However, given the
commitment of various funding and research groups to long-term studies of this population, there should be
excellent opportunities for developing partnership projects in this area. These could use SNH funds to
periodically support monitoring work within the cSAC, allowing other sources of funding to be used, first, to
increase the temporal resolution of monitoring data and, second, to conduct work outside the cSAC.
Together, these studies would allow cSAC monitoring data to be placed in the context of the status of the
whole population. This, in turn, should provide more robust and powerful condition assessments, and data
that can feed back to improve the management and conservation status of this population.
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3 yearly
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B

C

D
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–

–

–
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–
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40

40
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40

40

40

30

30

20

50

20
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90
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60
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Photo
Analysis

Staff person days

Core Extra Land
PM,
Photo-ID Boat
FW
Area Areas based Training Field Support Support
& QA Worker

No. of Surveys

5

5

5

5

5

Statistical
analysis
&
reporting

255

260

175

210

180

Total
Staff
days

£5K

£5K

£4K

£5K

£4K

FW
costs

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

Estimate Estimate
of
of
numbers numbers
in proxy in cSAC
area

8

12

8

12

12

Years to
detect
5%
decline

Yes

Yes

No

Partly

No

Ability to
assess
performance
of
proxy
area

provided is an indication of the relative power of the different options to detect changes in abundance either within a proxy site within the cSAC, or of numbers using the cSAC. The
figures provided are approximate, and provided primarily to give an indication of the relative cost of each monitoring option. They do not include any redundancy due to poor weather
conditions, or the need to spread sampling through a period longer than the 20 to 30 days required in the field. Equipment costs are comparable for all options, and all options assume
that work is carried out from a suitably equipped logistic base in the area. Fieldwork costs are indicative costs for fuel, photo-ID consumables and general boat maintenance. They do not
include any allowance for wear and tear of equipment, staff travel and subsistence or other overheads.

1Also

Survey
Frequency

options 1 .

Summar y of the sur vey frequency, human resources and approximate fieldwork costs associated with the dif ferent monitoring

Option

Table 11
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APPENDIX I

Example of criteria used to quality grade photo-identification
pictures for mark-recapture analysis. ©University of Aberdeen.
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