
27th Meeting of the Advisory Committee  ASCOBANS/AC27/Doc.2.2 
Online, 28-30 September 2022 Dist. 30 August 2022 
 

 
 

Agenda Item 2.2 Review of New Information on Threats and 
Other Issues Relevant to Small Cetaceans 
 

Resource Depletion 
 

Document 2.2 Report of the ASCOBANS Resource 
Depletion Working Group (August 2022) 
 

Action Requested  Take note 
 

 
 

 

Submitted by Resource Depletion Working Group 

 
 



ASCOBANS/AC27/Doc.2.2 

 
1 

Report of the ASCOBANS Resource Depletion Working Group*  

August 2022 

 
Graham J. Pierce1 **, Andrew Brownlow2, Peter G.H. Evans3, Lonneke IJsseldijk4, 
Katarzyna Kamińska5, Lucie Kessler1,6, Sinead Murphy7, Eunice Pinn8, Vincent 
Ridoux6, Mark P. Simmonds9, Jerome Spitz6, Karen Stockin9, Nikki Taylor10 

 
1. Instituto de Investigaciones Marinas, (CSIC), Eduardo Cabello 6, 36208, Vigo, Spain 
2. Scottish Marine Animal Stranding Scheme, School of Biodiversity, One Health and Veterinary 

Medicine, College of Medical, Veterinary & Life Sciences, University of Glasgow | Glasgow | G12 
8QQ  

3. Sea Watch Foundation/School of Ocean Sciences, Bangor University, Menai Bridge, Wales, UK 
4. Utrecht University, The Netherlands  
5. Ministry of Maritime Economy and Inland Navigation, Poland 
6. La Rochelle Université, 17000 La Rochelle, France 
7. Marine and Freshwater Research Centre, Department of Natural Resources & the Environment, 

School of Science and Computing, Atlantic Technical University, ATU Galway city, Ireland 
8. Seafish, 18 Logie Mill, Logie Green Road, Edinburgh, EH7 4HS, UK  
9. Humane Society International 
10. Cetacean Ecology Research Group, School of Natural Sciences, Massey University, Auckland, 

0745, New Zealand 
11. Joint Nature Conservation Committee, Monkstone House, City Road, Peterborough, 

Cambridgeshire, PE11JY, UK 

* All Working Group members are listed in Annex 1. 

** Editor and corresponding author 

 
  



ASCOBANS/AC27/Doc.2.2 

 
2 

Table of contents 
 
Background and Terms of Reference ..................................................................................... 3 

ToR A: Review/summarise recent information on resource depletion and its impacts on small 
cetaceans and identify additional research needed. ............................................................... 5 

Introduction ......................................................................................................................... 5 

Causes of prey depletion .................................................................................................... 5 

Impacts ............................................................................................................................... 6 

Adaptability ......................................................................................................................... 6 

Monitoring and surveillance ................................................................................................ 7 

Filling data and knowledge gaps ......................................................................................... 7 

TOR B. Review sources of information on prey distribution and abundance (e.g., fishery 
landings and effort data, stock assessments, fish surveys (which potentially offer information 
with a higher spatial resolution), habitat models for fish and cephalopods) and, if appropriate, 
propose a mechanism to collate relevant data, focused on species already identified as of 
importance in the diet of small cetaceans. .............................................................................. 9 

TOR E. Review spatio-temporal trends in sightings data on distribution and abundance of 
small cetaceans, in relation to possible relationships with trends in distribution and abundance 
of their known prey. ................................................................................................................ 9 

ToR C.  Liaise with other ASCOBANS initiatives to develop health/condition indicators for 
small cetaceans, based on information from live animals and/or necropsies, with the ultimate 
aim to improve the resolution of these indicators for identifying impacts of prey depletion and 
other cumulative stressors. Establish collaboration with HELCOM in relation to their 
development of a health indicator for porpoises. The indicators are likely to be multi-faceted, 
including information on pathology, physiological status (e.g. pregnancy, stress), body 
condition (e.g. blubber thickness), considering that simple indicators such as blubber thickness 
are influenced by multiple factors and do not necessarily reflect resource abundance. ........ 12 

Assessing cetacean health and condition ......................................................................... 12 

Filling data and knowledge gaps ....................................................................................... 13 

ToR D. Review and collate information on diet of small cetaceans in the ASCOBANS area 
(including long-term dietary variation) and foraging behaviour, to improve understanding of 
likely responses to changes in prey availability; identify knowledge gaps and encourage new 
research and monitoring of diet, considering that ongoing monitoring of diet and spatio-
temporal trends is an essential part of surveillance of cetacean conservation status. ........... 14 

Morphology, energetics, distribution and diet .................................................................... 14 

Methodologies to study diet .............................................................................................. 15 

Distribution and diet of different cetacean species ............................................................ 17 

Filling data and knowledge gaps ....................................................................................... 24 

ToR F. Review relevant information from emerging technologies ......................................... 25 

ToR G. Explore prospects for integrating information from multiple data sources to provide 
inter/multidisciplinary insights into the resource depletion issue ........................................... 26 

ToR H. Mitigation of pressures affecting cetacean prey availability - fisheries ...................... 28 

References ........................................................................................................................... 31 

Annex 1. Members of the ASCOBANS Resource Depletion Working Group ........................ 49 

 
  



ASCOBANS/AC27/Doc.2.2 

 
3 

Background and Terms of Reference 

The ASCOBANS area hosts a high diversity of small cetaceans (36 species – Evans, 2020). 
This includes a large number of delphinids, the most common of which are common dolphin 
(Delphinus delphis), striped dolphin (Stenella coeruleoalba), bottlenose dolphin (Tursiops 
truncatus), white-beaked dolphin (Lagenorhynchus albirostris), Atlantic white-sided dolphin 
(Lagenorhynchus acutus), Risso’s dolphin (Grampus griseus), long-finned pilot whale 
(Globicephala melas), and killer whale (Orcinus orca). Other small odontocetes present include 
several beaked-whales: northern bottlenose whale (Hyperoodon ampullatus); Sowerby’s 
beaked whale (Mesoplodon bidens); and Cuvier’s beaked whale (Ziphius cavirostris). Within 
the family Phocoenidae, only one member is present: the harbour porpoise (Phocoena 
phocoena) (see, for example, Weir et al 2001, Hammond et al 2002, 2013, 2021, Kinze et al 
2003, Reid et al 2003, Camphuysen & Peet 2006, Goetz et al 2015, Rogan et al 2017, Crawley 
et al 2020, Evans, 2020, Evans & Waggitt, 2020, Waggitt et al 2020). 
Resource depletion is one of many potentially important threats to cetacean populations in the 
ASCOBANS area, an issue that has to date received relatively little attention. 
The 24th Meeting of the ASCOBANS Advisory Committee requested the establishment of a 
Working Group on resource depletion to (i) review new information on resource depletion and 
its impacts on small cetacean populations and (ii) make recommendations to Parties and other 
relevant authorities for further action. The Resource Depletion Working Group (RDWG) is to 
report to Meetings of the Advisory Committee, as necessary. Its work is intersessional, by e-
mail and video conference. 
The RDWG was envisaged as including veterinary and fishery science expertise as well as 
cetacean biology, ecology and conservation expertise (e.g. collection and analysis of samples 
from stranded animals and determination of causes of death, dietary and feeding ecology 
studies, management and governance). A list of members is provided as an Annex to the 
present document. Links with the International Council for the Exploration of the Sea (ICES), 
the International Whaling Commission (IWC) and the Commissions associated with the 
Helsinki Convention (HELCOM) and the Oslo and Paris Conventions (OSPAR) were proposed.  
The Terms of Reference are as follows: 
A. Review/summarise recent information on resource depletion and its impacts on small 

cetaceans and identify additional research needed. 
B. Review sources of information on prey distribution and abundance (e.g., fishery landings 

and effort data, stock assessments, fish surveys (which potentially offer information with a 
higher spatial resolution), habitat models for fish and cephalopods) and, if appropriate, 
propose a mechanism to collate relevant data, focused on species already identified as of 
importance in the diet of small cetaceans. 

C. Liaise with other ASCOBANS initiatives to develop health/condition indicators for small 
cetaceans, based on information from live animals and/or necropsies, with the ultimate aim 
to improve the resolution of these indicators for identifying impacts of prey depletion and 
other cumulative stressors. Establish collaboration with HELCOM in relation to their 
development of a health indicator for porpoises. The indicators are likely to be multi-
faceted, including information on pathology, physiological status (e.g. pregnancy, stress), 
body condition (e.g. blubber thickness), considering that simple indicators such as blubber 
thickness are influenced by multiple factors and do not necessarily reflect resource 
abundance.  

D. Review and collate information on diet of small cetaceans in the ASCOBANS area 
(including long-term dietary variation) and foraging behaviour, to improve understanding of 
likely responses to changes in prey availability; identify knowledge gaps and encourage 
new research and monitoring of diet, considering that ongoing monitoring of diet and spatio-
temporal trends is an essential part of surveillance of cetacean conservation status. 
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E. Review spatio-temporal trends in sightings data on distribution and abundance of small 
cetaceans, in relation to possible relationships with trends in distribution and abundance of 
their known prey. 

F. Review relevant information from emerging technologies (e.g. drones to determine 
condition; eDNA to estimate fish presence in association with actively feeding cetaceans) 
and multidisciplinary research cruises 

G. Explore prospects for integrating information from multiple data sources to provide 
inter/multidisciplinary insights into the resource depletion issue. 

H. Recommend possible mitigation measures; explore options for better integrating cetacean 
conservation measures (e.g. MPAs, time-area closures) with fishery management 
procedures to help reduce risk of prey depletion. 
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ToR A: Review/summarise recent information on resource depletion and its impacts on 
small cetaceans and identify additional research needed. 

Introduction 

For any species, there is a balance between the energy expended in acquiring food, the energy 
provided by that food and its subsequent expenditure to maintain body processes, such as 
thermoregulation, growth, and reproduction. Most cetacean species commonly occurring in the 
Agreement Area feed on a variety of fish and cephalopod species. The diet of a particular 
species can vary with season and age in terms of prey size and selection, with the prey type 
differing in terms of quality and the energy provided (Evans 1990, MacLeod et al 2007a, 
Leopold et al 2015, Andreasen et al 2017, Booth 2020). While high dietary variability is often 
interpreted as indicating an opportunistic foraging strategy, some cetacean species are also 
known to select prey according to prey quality rather than simply availability.  
The term prey depletion is widely used without being explicitly defined. It is generally 
understood to refer to a reduction in the number of prey available. In marine ecosystems the 
term is usually used in the context of removal by fisheries, although in ecology generally it can 
refer to the removal of prey by predators (e.g. Whitehead et al 1999). Prey depletion can be 
viewed as a form of habitat degradation. Such changes are often linked to human activities, 
including fishing, aggregate extraction, marine construction and climate change (Evans 2017). 
There is also usually an implication that the availability of prey to predators is reduced, at least 
locally or temporarily. However, the relationship between availability and abundance is not 
necessarily linear or even positive: prey availability may increase or decrease due to changes 
in prey distribution, independently of abundance, while removal of part of a population by 
fishing may have a disproportionate effect on predators if the most accessible portion of the 
population has been removed. It also seems reasonable to extend the concept to refer to prey 
biomass and not only numerical abundance. Finally, considering prey as a source of energy 
(as in the context of optimal foraging theory, e.g. Pyke 1984) and/or essential nutrients for 
predators, the concept of prey depletion could also include declines in prey quality. A reduction 
in the energy content of individual prey may of course also lead to a reduction in the total 
biomass of the prey population. All the above changes to the prey field (another term widely 
used without being explicitly defined) are likely to negatively impact predators, in this case 
small cetaceans, by impacting their ability to locate and eat sufficient good quality prey (in 
terms of energy and nutrition) to survive, remain healthy, grow, mature and breed (Booth 2020; 
Stockin et al 2022). 
Reduced prey intake may also result from alterations in predator behaviour due to disturbance 
by human activities (including fishing) or longer-term displacement due to physical changes in 
habitat. Such behavioural changes can have consequences for an individual’s health through 
time lost foraging (Brandt et al 2011), socialising or resting (Lusseau 2003), hence impacting 
life functions such as survival and reproduction and ultimately affecting population dynamics 
(Pirotta et al 2018, Booth et al 2022). Strictly speaking, if the prey field is not altered or the 
response of the predators is independent of changes in the prey field, this is not an example 
of the effect of prey depletion, although the consequences for the cetaceans may be similar. 
 
Causes of prey depletion 

While the role of fisheries as a driver of prey depletion for cetaceans will almost inevitably be 
the major focus, in practice, there are many factors influencing prey abundance, which should 
be considered to ensure that the most appropriate management and mitigation measures can 
be identified and implemented.  
Many species of fish and shellfish preyed upon by small cetaceans are also exploited by 
commercial and recreational fisheries (DeMaster et al 2001, Bearzi et al 2006, Lassalle et al 
2012, Smith et al 2015). Any significant change in fish availability as a result of fishing 
extraction, through effects on distribution, numerical abundance, biomass or quality (e.g. size, 
nutritional value) of targeted species has the potential to negatively impact the cetaceans that 



ASCOBANS/AC27/Doc.2.2 

 
6 

are in competition for that same food source (Lassalle et al 2012). However, such prey 
depletion (if we allow that the term applies to all these changes) may be localised and not 
necessarily be associated with overfishing (DeMaster et al 2001).   
Disturbance and associated changes in behaviour can occur as a result of marine surveys or 
infrastructure installation (Dahne et al 2013, Tyack et al 2011, New et al 2013, Dyndo et al 
2015; Haelters et al 2015; Brandt et al 2018, Booth 2020). When disturbed, individuals may 
stop vocalising and cease foraging (Wisniewska et al 2018 a,b). 
Aggregate extraction can also cause disturbance to cetaceans, leading to changes in 
behaviour, which may affect foraging success (Tillin et al 2011, Todd et al 2015). In addition, 
aggregate extraction can affect the distribution of prey species as a result of disturbance or 
destruction of spawning grounds, leading to a reduction in prey availability (Groot 1996, 
Stelzenmüller et al 2010, Tillin et al 2011, Todd et al 2015). 
Climate change and other forms of both anthropogenic and natural environmental change 
could indirectly lead to prey depletion through influences on prey and/or predator distribution 
and abundance (Macleod et al 2005, Learmonth et al 2006, Simmonds & Isaac 2007, 
Simmonds & Elliott 2009, Evans & Waggitt 2020, Peters et al 2022).   
 

Impacts 

The impacts of insufficient prey, their displacement, and/or changes in prey availability will be 
manifested in small cetaceans in a variety of ways, depending on the characteristics of the 
species including its capacity to adapt. If prey depletion leads to reduced calorific intake, body 
condition will likely deteriorate leading to subsequent health issues and a potential increase in 
instances of emaciation and starvation. There may also be a higher likelihood of disease or 
susceptibility to other pressures in nutritionally compromised animals, which could become a 
contributing or primary factor in the decline and/or ultimate cause of death of an animal 
(Learmonth et al 2006, Van Bressem et al 2009).  
There may be short- and long-term impacts related to changes in the nutritional quality of the 
available prey. If energy-rich species such as Atlantic herring (Clupea harengus), European 
sprat (Sprattus sprattus) and sandeels (Ammodytidae), are replaced in the diet by ‘lower value’ 
prey such as whiting (Merlangius merlangus), saithe (Pollachius virens), or Atlantic cod (Gadus 
morhua) (Evans 1990, Hislop et al 1991, MacLeod et al 2007b, Leopold et al 2015), the short-
term and/or long-term health of the predator may be negatively affected (Spitz et al 2018, Booth 
2020). Changes in prey availability may ultimately result in reductions in survival and 
reproductive rates hence resulting in population level effects. (MacLeod et al 2007b, Leopold 
et al 2015, Booth 2020).   
It is important to note that, perhaps counterintuitively, the adverse health effects of eating fewer 
energy-rich fish are not necessarily a consequence of the lower energy content of the species 
that replace them in the diet. Thompson et al. (1997) found that years of low clupeid availability 
were associated with changes in haematological parameters of harbour seals that included 
macrocytic anaemia. These changes were not related to body condition, suggesting that they 
were not due to reduced energy intake.  It was proposed that such effects of dietary changes 
could explain some pinniped population declines. 
 
Adaptability 

There is a growing body of evidence that some species or populations of small cetaceans may 
be more or less capable of adapting to prey depletion than others, given their feeding 
behaviours. Specialist feeders such as Risso’s dolphin (Grampus griseus), which show a 
preference for cephalopods (Blanco et al 2006, Öztürk et al 2007, Bearzi et al 2011, Macleod 
et al 2014), may be less capable of adapting to prey depletion, given a persistent preference 
for a single or small group of prey species. It may also be noted that the status of most 
commercially important cephalopod stocks in European waters is less well known than is the 
case for commercially important fish, given the general lack of routine stock assessment for 
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cephalopods. Even where the diet of a species is varied, there may be localised development 
of foraging techniques and behaviour that can lead to site-specific specialisations, as in 
bottlenose dolphins (Bailey & Thompson 2010, Dunshea et al 2013), which could in turn result 
in site-specific vulnerability to prey depletion. Generalists, such as harbour porpoise (Santos 
& Pierce 2003), may be less affected by depletion of a particular prey species as their diet can 
consist of a range of different moderate to high energy‐density prey species. On the other 
hand, porpoises also display ultra‐high foraging rates and high capture success reflecting their 
high metabolic rate (Wisniewska et al 2016, 2018a), which in turn probably makes them 
vulnerable to a general reduction in prey availability. There is also evidence to suggest that if 
the prey species with higher energy density are depleted, a generalist diet may not provide 
adequate nutrition to sustain a healthy animal over time (MacLeod et al 2007b). Therefore, 
there is a need to focus mitigation of prey depletion on those prey species the decline of which 
would have the highest potential impact on small cetaceans.  
 
Monitoring and surveillance 

Monitoring of the effects of resource depletion on small cetaceans is achieved through a variety 
of methods. These include: 

• Strandings monitoring programmes, which Parties to ASCOBANS are required to 
implement. These programmes record information on cause of death also it is also 
important to know about the general health status, and about other factors that may have 
been significant in contributing to the mortality of the animal (Baker et al 1998, Ten 
Doeschate et al 2017) and affect the health status of an individual.  

• Stomach contents analyses, normally based on stranded animals, provide short-term 
dietary information (Pierce & Boyle 1991, De Pierrepont et al 2005, Spitz et al 2018), whilst 
fatty acid and stable isotope analyses of body tissues from live or dead animals can identify 
longer-term information on recent diet (fatty acids) or trophic level (stable isotopes). The 
more recently developed compound-specific stable isotope analysis (CS-SIA), typically 
based on amino acids, can potentially provide information on diet. Results of dietary can 
also indicate niche apportioning between sympatric species (Iverson et al 2004, Thiemann 
et al 2008, Jansen et al 2013, Kanaji et al 2017, Young et al 2017).  

• Body condition can also be assessed in live animals using remote sampling methods such 
as photogrammetry, e.g. using photos taken using drones (Joblon et al 2014; Raudino et 
al 2019) or, more traditionally, biosampling (Nykänen et al 2018) or sampling from 
stranded animals (Joblon et al 2014). If other health issues affecting energy balance can 
be accounted for, body condition may be indicative of the availability of sufficient prey.  

Modelling of management trade-offs between fisheries and marine mammal conservation, 
specifically in relation to the amount of fish removed by both fisheries and marine mammals, 
can reveal the impact of biomass removal on fishery sustainability and on recovery of some 
cetacean species, representing a useful tool to support our understanding of the impacts of 
prey removal through extraction (Williams et al 2011, Smith et al 2015, Spitz et al 2018). 
 
Filling data and knowledge gaps 

A multi-method approach is needed to assessing cetacean diet, its variation over time, and its 
relationships with health and reproductive success. Diet should be routinely determined based 
on stranded animals and using a suite of methodologies: bulk and compound-specific stable 
isotope analysis, fatty acid analysis and stomach contents analysis (both the traditional 
approach using hard remains and the application of molecular prey identification which, while 
still less quantitative, can help fill gaps in our knowledge of diet choice). The suite of methods 
will provide insights into both recent diet and average diet over a longer time-scale. 
Body condition assessment of stranded carcasses should be completed routinely within all 
strandings programmes; the potential for increased monitoring of body condition in live animals 
as a real-time indicator of health should be investigated (e.g. by integration into existing 
monitoring schemes, analysing still and video imagery from capture, mark, recapture 
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programmes and development of aerial drone studies). Development of proteomic and 
metabolomic assays of blubber could further assist in characterising physiological status and 
energy balance from live biopsy and stranded cases. 
Studies on health status are also essential to help interpret information of diet and condition, 
e.g. to determine whether apparent starvation has a pathological cause. 
An appropriate frequency of abundance and distribution data collection of predator and prey 
will enable identification of correlation with prey and cetacean distributions to inform 
management priorities. 
All relevant strandings programme data, including an overview of the physical samples archive, 
should be made available through the ASCOBANS strandings database, to enable the best 
use of available evidence across the Agreement Area, and in collaboration with neighbouring 
regions. 
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TOR B. Review sources of information on prey distribution and abundance (e.g., 
fishery landings and effort data, stock assessments, fish surveys (which potentially 
offer information with a higher spatial resolution), habitat models for fish and 
cephalopods) and, if appropriate, propose a mechanism to collate relevant data, 
focused on species already identified as of importance in the diet of small cetaceans. 

 
TOR E. Review spatio-temporal trends in sightings data on distribution and 
abundance of small cetaceans, in relation to possible relationships with trends in 
distribution and abundance of their known prey. 

 
TORs B and E are closely related and therefore have been covered together. This is a 
developing and complex area of work.  
The distribution of many small cetaceans is closely linked to the distribution of their prey, but 
our understanding of prey availability is often very limited. Where the prey species are also 
fished commercially, there is may a variety of information available. Whilst fishing effort data 
and landings data could contribute useful information for assessments of prey depletion, 
publically available data are often difficult to link to a specific location at sea (at best they can 
be associated with an ICES rectangle). The data from fish and stock assessment surveys will 
be more valuable, providing information specific to the distribution, abundance and biomass of 
prey species that are also of commercial importance.  
For harbour porpoises, efficient foraging (maximising intake whilst minimising expenditure) is 
an essential element for survival and reproduction. Therefore, understanding the energy 
available in an ecosystem is critical to understand the ecology of the species, identify important 
areas and to understand the potential drivers of change for populations. The UK Joint Nature 
Conservation Committee (JNCC) commissioned work to assess the spatiotemporal distribution 
the energy available in prey species of harbour porpoises in the North Sea, with a particular 
focus on the Southern North Sea Special Area of Conservation (SAC), which was created 
based on predictions of persistent high-density areas of harbour porpoise. The diet of harbour 
porpoises consists of a wide variety of fish and cephalopod species and varies regionally, 
although a few prey types dominate the diet in any one area. Important prey species include 
gobies, whiting, Atlantic herring, sandeels, European sprat and Atlantic cod (Santos, 1998; 
Santos & Pierce, 2003; Santos et al 2004; Leopold et al 2011; Jansen, 2013; Leopold, 2015; 
Ross et al 2016); see Table 1 (based on Ranjsin et al 2019). 
Ransijn et al (2019) used data from the International Bottom Trawl Survey (NS-IBTS) to create 
density surface models for Atlantic cod, whiting, European sprat, Atlantic herring and sandeels. 
Data from 2003-2017 were used to make predictions for the years 2005 (SCANS II) and 2016 
(SCANS III) for which estimates of harbour porpoise abundance and distribution in the North 
Sea were available (Hammond et al 2013, 2021). Because bottom trawl gear does not catch 
all fish in the path of the net, survey catches do not generally represent true amounts of fish in 
the area.  Ransijn et al (2019) compared the NS-IBTS estimates of abundance with the stock 
assessments in order to account for these differences. Estimates of biomass for each prey 
species were then converted to energetic content in order to provide an assessment of energy 
available for harbour porpoise. Seasonal variation seen in energy density of fish, which is 
especially notable mature herring (Pedersen and Hislop, 2001) was taken into account for 
herring and whiting although not for other species. Energy density of the largest size classes 
of lesser sandeel in August is around double the value in April (Hislop et al 1991). It should 
also be noted that some of the energy values used were from northwest Atlantic rather than 
European stocks and that the, does not appear to have been taken into account. An example 
of the mapped output from Ransijn et al (2019) is shown in Figure 1 for the summer period 
(July to September).  
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Table 1. The main prey in the diet of harbour porpoises in the North Sea: percentage of reconstructed 
biomass from several studies. For each study, the range of years covered and the sample size are 
indicated. Adapted from Ransijn et al (2019) and based on results in (1) Santos (1998), (2) Jansen 
(2013), (3) Leopold et al (2011), (4) Leopold (2015) and (5) Santos et al (2004). 

  

Prey species / 
family 

Timeframe for study (number of porpoise stomachs) 
Dutch waters Scottish waters 

1989-1995 
n=621 

2003-2010 
n=762 

2003-2010 
n=2293 

2006-2014 
n=8264 

1992-1996 
n=721 

1992-2003 
n=1885 

Gobiidae 6.4%  36.6%  22.1%  20.5%   
Gadidae 85.9%    36.5%  54.2%  
whiting 78.7%  25.4%  42.3%   43.6%  53.0% 

Haddock, saithe, 
pollack       

5.6% 
Atlantic cod 3.3%  5.2%  4.4%    3.8% 
Clupeidae 1.9%    10.9%   

Atlantic herring  5.9% 4.6%  3.0%  1.3% 
European sprat  4.1%  5.8%    
Ammodytidae 2.8%   11.1%  18.1%  41.1%  25.6% 
Lesser sandeel  13.2%     

 

 
Figure 1: Spatiotemporal summer (July-September) distribution of porpoise prey species energy per 
km2 for the North Sea, illustrated for 2005 on the left and 2016 on the right. Bold outlines represent the 
corresponding seasonal part of the Southern North Sea SAC and the dotted lines represent the 
remainder of the site. Lower figure illustrates porpoise distribution. (From Ransijn et al 2019). 

 
Ransijn et al (2019) concluded that there are extremely high levels of energy available relative 
to the population density of harbour porpoises and daily energy requirements for the species 
in the North Sea, while noting that this does not take into account the amounts removed by 
fisheries and other predators. In addition, the authors comment that, the SAC region does not 
seem to cover the very highest energy areas identified by the spatial models in the North Sea, 
but nonetheless comprises a significant energy resource. This work was extended to 
incorporate estimates of foraging range based on telemetry tracking and stranding data by 
Ransijn et al (2021), allowing investigation of multivariate functional responses. Model results 
confirmed that the importance of all the main prey species in the diet increased as a function 
of their availability and was higher when the availability of alternative prey was lower. However, 
there was also evidence of a preference for sandeel, consumption of which was consistently 
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higher than predicted by the model, and remained high even when the availability of other prey 
was high.  
Similarly, harbour porpoise habitat models for the North Sea have shown an increasing 
porpoise density with decreasing distance to sandeel grounds, at least within the range 0-50 
km (Gilles et al 2016). Such studies clearly demonstrate the value of integrating data from 
multiple sources. Inclusion of information on prey consumption from strandings, predator 
foraging distribution using telemetry, and prey availability from fish surveys, into statistical 
modelling approaches provides a useful framework for considering the potential for prey 
depletion at the regional seas scale.  
It is important to understand the historical ranges and distributions of cetaceans, and how they 
may have adapted to past climatic events and shifts in prey distribution. For example, common 
dolphin abundance in the North Sea has been highly variable in recent decades and there have 
been movements into the northern sector, related to the main driver of climate variability in the 
region, the North Atlantic Oscillation (NAO) (Camphuysen & Peet 2006, Evans et al 2003, 
Evans & Scanlan 1989, Murphy 2004, Murphy et al 2013) and the spread into the North Sea 
of warm-water prey species such as sardine (Sardina pilchardus) and European anchovy 
(Engraulis encrasicolus) (Beare et al 2004, Evans & Bjørge, 2013). The NAO is driven by 
latitudinal variations in atmospheric pressure, which determine the strength and direction of 
warm westerly winds and associated currents and may thus affect both sea temperature and 
the distribution of fish species upon which the dolphins feed. In recent years, it has become 
more difficult to disentangle the effects of natural large-scale ocean climatic variation recent 
anthropogenic global warming (Alheit et al 2007, 2012, Montero‐Serraet al 2015), thus making 
it more difficult to predict future shifts in the distribution of common dolphins in the NE Atlantic. 
There is evidence of recent weakening of the Gulf Stream (Caesar et al 2018, Praetorius, 2018, 
Thornally et al 2018) which will reduce inflow of warm and nutrient-rich Atlantic waters, leading 
to cooling and loss of productivity in the seas off Europe's Atlantic coasts (see Murphy et al 
2021). 
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ToR C.  Liaise with other ASCOBANS initiatives to develop health/condition indicators 
for small cetaceans, based on information from live animals and/or necropsies, with the 
ultimate aim to improve the resolution of these indicators for identifying impacts of prey 
depletion and other cumulative stressors. Establish collaboration with HELCOM in 
relation to their development of a health indicator for porpoises. The indicators are likely 
to be multi-faceted, including information on pathology, physiological status (e.g. 
pregnancy, stress), body condition (e.g. blubber thickness), considering that simple 
indicators such as blubber thickness are influenced by multiple factors and do not 
necessarily reflect resource abundance. 

Assessing cetacean health and condition 

Effective assessment of the role of resource depletion on cetacean health is complex and 
requires integration of data from a range of sources. Assessment of starvation or emaciation 
as a cause of death requires a multifactorial approach, has no single pathognomonic indicator, 
and attribution based on necropsy data is often a diagnosis of exclusion. At an individual level, 
identification of a fitness cost attributable to a lack of prey or nutrient deficiency requires 
consideration of observed body condition in an ecological context and, in the context of 
stranded animals, assessment of a range of potentially causal factors.  
Effective assessment of the impact of prey depletion at a population level could potentially be 
achieved by aggregating data from stranded individuals and subsequent diet analyses, 
sightings data and prey stock assessments, again with careful consideration to the ecological 
context and expected variability in parameters. A framework for the approach could include:   
• Cetacean population ecology factors, such as species, season and age, including the 

possibility that animals are in an extralimital, dynamic or otherwise unsuitable habitat. 
Assessment could consider data derived from necropsied animals such as life history 
parameters, (including age at sexual maturity and pregnancy rates) combined with 
abundance, distribution and trend information from live animal sightings. 

• Individual health factors such as infectious disease, trauma, ingestion of marine litter, effects 
of pollution and contaminant burden, including physiological status (e.g. pregnancy, 
reproductive stress), body condition (e.g. blubber thickness, accounting for allometric 
relationships of blubber thickness with body size), and diet composition. Much of this will be 
derived from necropsy data of stranded animals but assessment of body condition of at-sea 
or live-stranded and refloated/released animals is also possible. 

• Prey abundance, distribution and trends from stock assessment data, as well as prey 3D 
aggregation, proximal composition and nutritional value. These may differ depending upon 
cetacean species, age and season.  

It is normal for some (especially larger) cetacean species to experience periods where energy 
intake is below expenditure, and certain species are physiologically adapted to fasting. 
Crucially, fasting animals are doing so under a degree of hormone-mediated control, whereas 
starved animals have lost homeostatic regulation and their physiological function is 
compromised, usually in response to an unexpected decrease in food supply. However, some 
smaller species, notably harbour porpoises, are considered particularly vulnerable to even 
short periods of fasting, due to their small size and high metabolic rate necessary to maintain 
thermoregulatory homeostasis (Wisniewska et al 2016). 
In theory, acute and severe resource depletion could result in acute starvation, distinguished 
from fasting by potentially identifiable pathophysiological effects, such as dehydration, hepatic 
lipidosis and changes in the adipocytokine milieu. More prolonged periods of prey insufficiency 
and associated negative energy balance may be identifiable by wider and more chronic 
impacts on health and welfare status, such as increased stress, higher disease prevalence and 
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lower fecundity. Identification and standardization of these metrics requires significant further 
work, but, alone or in combination, could eventually be of use as indicators of impact.  
If many animals are stranding in poor nutritional condition (especially for a species or 
population where this did not occur before) this could be indicative of prey depletion, and that 
the situation may well be worse that seeing some marginal changes in body condition in 
bycaught animals. Animals in a poor nutritional condition may be more susceptible to infectious 
disease as well as the consequences of mobilisation of lipophilic persistent organic pollutants 
(POPs) stored in the blubber. In turn, these effects may reduce the chances of reproductive 
success (e.g. Aguilar & Borrell 1994).  
At the same time, knowledge on distribution and abundance of favoured prey species (which 
may differ depending upon cetacean species, age and season) is highly necessary to estimate 
risk/exposure to resource depletion. 
In larger cetacean species, maternal body condition affected foetus growth in minke whales 
(Christiansen et al 2014) and pregnancy rates in fin whales (Williams et al 2013), whilst 
declines in (preferred) prey abundance of killer whales have been linked to reduction in their 
fecundity (Ward et al 2009). Changes in reproductive output could, in the long term, affect 
population numbers and may therefore have serious consequences for population growth.  
A starting point to amass evidence for population level effects could be the assessment of 
(changes in) life history parameters, including age at sexual maturity and pregnancy rates 
using information gained from necropsied animals. Typically, it is noted that pregnancy rates 
may be underestimated if there is a large proportion of sick animals in the sample. One solution 
is to base calculations only on animals that died due to physical trauma (e.g. bycatch, collisions 
or predatory attacks). However, in the context of estimating effects of prey depletion on 
population dynamics, it makes no sense to exclude sick and emaciated animals which are 
precisely those most likely to have reduced pregnancy rates. 
 
Filling data and knowledge gaps 

There is scope for ASCOBANS to liaise /collaborate with other conventions and working groups 
on the topic of prey depletion: within the MSFD Framework, there has been discussion 
regarding health indicators, however, no indicator has yet been established. Within HELCOM, 
blubber thickness was deemed unacceptable as a reliable indicator of health due to the many 
physiological changes that may affect blubber thickness. Long-term studies using full 
pathological investigations and a control group of ‘healthy’ animals are necessary to select and 
subsequently propose important organ systems that could be indicative of the health status for 
individuals or species. 
Further work on assessing body condition indices for the common dolphin, work that may aid 
in developing an OSPAR’s biodiversity indicator for monitoring ecosystem state, is being 
undertaken by a PhD at the Atlantic Technological University (see ToR D for further 
information).  
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ToR D. Review and collate information on diet of small cetaceans in the ASCOBANS area 
(including long-term dietary variation) and foraging behaviour, to improve 
understanding of likely responses to changes in prey availability; identify knowledge 
gaps and encourage new research and monitoring of diet, considering that ongoing 
monitoring of diet and spatio-temporal trends is an essential part of surveillance of 
cetacean conservation status. 

Morphology, energetics, distribution and diet 

The skull characteristics and dentition of different cetacean species and populations are good 
clues to their dietary preferences. For most deep-diving beaked whale species, dentition is 
much reduced or adapted for purposes other than foraging (MacLeod 1998, MacLeod et al 
2006), a characteristic of cephalopod eaters since the rubbery flesh is not easily handled with 
small conical teeth, and it has therefore been hypothesized that these predators use suction 
feeding. 
The blunt, rounded jaws and rostra of pilot whales and Risso’s dolphin have also been linked 
to suction feeding (Werth 2000, 2006). This foraging technique, although involving low energy 
investment, limits the maximum size of prey that can be ingested as they are swallowed whole 
(Werth 2000, 2006, MacLeod et al 2006, MacLeod et al 2007b). Hence, it is expected that 
these cetacean species will be specialized in feeding on relatively small prey. 
Despite the indirect evidence suggesting that these species would forage on the same type of 
prey, their dietary niches appear to be well segregated. For example, Sowerby’s beaked 
whales consume only very small prey (<10 g body mass), while Cuvier’s beaked whales and 
long-finned pilot whales mostly eat small to medium-sized prey (10–100 g body mass). Risso’s 
dolphins and Sowerby’s beaked whales forage largely on the seabed beyond the continental 
shelf edge, whereas long-finned pilot whales exploit both oceanic and neritic habitats (Kiszka 
et al 2007, Spitz et al 2011, Méndez Fernandez et al 2012). Furthermore, energy requirements 
vary between these species. Beaked whales and Risso’s dolphins may have low energy 
requirements, hence feeding almost exclusively on cephalopods, which represent energy-poor 
prey, whilst long-finned pilot whales need richer food in terms of energy density, in order to 
meet somewhat higher energy requirements, hence feeding on both cephalopods and fish 
(Spitz et al 2011, 2012, 2018). In the Azores, studies combining biologging with eDNA analysis 
found that Risso’s dolphin and Cuvier’s beaked whale showed strong overlap in prey spectra 
between foraging zones, selectively targeting epi/meso- and bathypelagic foraging zones for 
their cephalopod prey, with fewer, more calorie-rich, mature cephalopods taken in deeper 
waters. However, there was interspecific niche segregation in that Risso’s dolphins foraged 
closer to the surface and nearer to the shore than Cuvier’s beaked whales (Visser et al 2021).   
Delphinids (common dolphins, striped dolphins, bottlenose dolphins, Atlantic white-sided 
dolphins, white-beaked dolphins and killer whales) display small, cone-shaped teeth, whereas 
phocoenids (harbour porpoises) have short, spoon-shaped teeth, capable of gripping and 
handling prey. They mostly capture prey using a pincer movement of the jaws, and some 
species may occasionally use suction feeding. Mastering both techniques enables them to 
have access to a wider range of prey sizes (MacLeod et al 2006).  
The common dolphin is an oceanic species mainly encountered in intermediate to deep waters, 
mostly over the continental shelf, but is also found in coastal waters (Reid et al 2003; Goetz et 
al 2015, Waggitt et al 2020). This this is consistent with dietary studies showing that they feed 
on mesopelagic fish such as blue whiting (Micromesistius poutassou), as well as more coastal 
species, such as horse mackerel (scad, Trachurus trachurus), sardine and anchovy (Massé 
1996, Silva 1999, Abaunza et al 2003, Carrera and Porteiro 2003, Pusineri et al 2007,  Méndez 
Fernandez et al 2012, Santos et al 2013a, b, Spitz et al 2018). 
This species has high energy requirements (Meynier et al 2008, Spitz et al 2012) and would 
thus be expected to show a preference for energy-rich prey such as small pelagic fish (see 
species cited above) (Poulard & Blanchard 2005, Meynier et al 2008, Spitz et al 2010, 2012, 
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2014, 2018). Indeed, there is evidence of quality-based prey selection in common dolphin, with 
more energy-rich species being more preferred (Spitz et al 2010). 
The distributions of white-beaked dolphin and harbour porpoise in North-west Europe are 
concentrated over the continental shelf, suggesting they feed on more coastal species, 
whereas the Atlantic white-sided dolphin and striped dolphin are oceanic species, occurring 
mostly in deep waters off the continental shelf edge, and the killer whale is present in both 
neritic and oceanic habitats (Weir et al 2001, Reid et al 2003, Evans 2020). The broad skulls 
and short beaks of harbour porpoise and white-beaked dolphin are adapted for feeding off the 
seabed (Evans 1987). 
These species have high (e.g. porpoise or medium to high (e.g. striped dolphin and bottlenose 
dolphin) energy requirements, with the former most likely to prefer high caloric density prey, 
such as small pelagic fish and the latter likely to be somewhat less selective (Koopman 1998, 
Lockyer and Kinze 2003, Lockyer 2007, Pierce et al 2007, Spitz et al 2012, 2018). 
The striped dolphin is an oceanic species that occasionally enters neritic habitats, hence 
feeding mainly upon oceanic prey, such as deep-water cephalopods and fish (Spitz et al 2006, 
2011, Méndez Fernandez et al 2012, Goetz et al 2015). 
Bottlenose dolphins are present in both shallow coastal waters and in deeper waters, over the 
shelf edge (Reid et al 2003, Goetz et al 2015, Evans 2020). Resident coastal populations tend 
to feed on a wide range of shelf or estuarine species, including cod, whiting, salmonids, sea 
bass, eels and various flatfish (Santos et al 2001, 2007, Wilson 2008). 
Small cetaceans may show narrow or broad diets, displaying more or less selectivity for certain 
types of prey, not always the most energy-rich species. It is common to refer to species with a 
broad diet are “opportunistic”, implying an absence of preferences based on anything other 
than availability, and frequently eaten prey species may be described as “preferred”. However, 
both terms imply an understanding of foraging behaviour, which is often lacking. Given 
information on prey and predator distribution, predator foraging movements, predator diet and 
calorific content of prey it is possible to derive multivariate functional responses (e.g. Ransijn 
et al 2021) and thus demonstrating the degree of preference for different prey species. From 
an optimal foraging theory perspective, diet choice can be predicted if the availability and 
energy density of different prey types are known, along with the capture and handling costs of 
eating each prey type.   
 

Methodologies to study diet 

As has known since at least 17th century (Tyson, 1680), cetacean stomachs, like those of 
ruminants (to which they are closely related), have four chambers Stomach contents analysis 
is the most commonly used methodology for assessing small cetacean diet. It usually gives an 
insight into the diet in the preceding 6 to 48 hours, although certain prey remains such as 
cephalopod beaks, which are both resistant to digestion and may become lodged in the 
stomach lining may remain in the stomach for longer periods. It is still a highly informative 
method and the only one that consistently allows determination of prey life-stages in addition 
to prey identity (Pierce & Boyle 1991, Hayden et al 2014, Nielsen et al 2018). Being based on 
the identification of fish otoliths and bones, cephalopod mandibles (beaks) and crustacean 
exoskeletons, this method presents some limitations. Although many guides exist, especially 
for fish otolith identification), access to a reference collection is necessary (Pierce & Boyle 
1991). Secondly, the identification of hard remains of prey can be quite difficult, and sometimes 
limited to relatively high taxonomic levels, since bones are often damaged during capture and 
ingestion, and the material is often partially digested and sometimes eroded (Nielsen et al 
2018). This can also lead to an underestimation of prey size when determined based on eroded 
otoliths or bones (Pierce & Boyle 1991, Silva 1999, Santos et al 2013a). In addition, some fish 
lack otoliths (non-teleost fish) or have fragile easily digested otoliths, which emphasises the 
need to identify other hard parts in parallel (Pierce & Boyle 1991). Thirdly, an inevitable issue 
is sample contamination due to secondary predation, also known as the “Russian doll” effect 
(presence of prey remains that were ingested not by the predator itself but by its prey) (Pierce 
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& Boyle 1991, Pierce et al 2007). Note, however, that secondary prey may still contribute to 
the predator’s nutritional intake (Bowser et al 2013, Nielsen et al 2018). Lastly, different prey 
can exhibit different digestion rates, which can lead to overestimation of the prey species for 
which hard parts are difficult to digest and persistent in the stomach, such as cephalopod beaks 
(Santos et al 2001a, Fernández et al 2009, Glaser et al 2015). 
Molecular approaches to identification of prey remains in stomach contents can increase the 
taxonomic resolution of diet composition and detect species that leave behind no recognizable 
hard parts, although the approach is not fully quantitative (the amount of DNA amplified is not 
necessarily a good indicator of the biomass or number of each prey type that was ingested). 
This is an approach that is becoming increasingly accessible as the methodology has evolved 
and costs have fallen (Pompanon et al 2012, Nielsen et al 2018). As with analysis of hard parts 
is also subject to sample contamination due to secondary predation, which is even harder to 
detect, A possible further concern is environmental contamination, as DNA in the water can be 
swallowed by the predator (Kelly et al 2014) but, equally, eDNA analysis at known foraging 
locations of cetaceans can be used to identify prey species (e.g. Visser et al 2011). 
A third approach is to analyse fatty acids using blubber samples. This is based on the fact that 
each prey species possesses a unique fatty acid profile, allowing their identification (Dalsgaard 
et al 2003). Note however that the fatty acid profile of a prey species reflects its diet and may 
therefore not be permanently fixed. Although it is widely used for diet tracing, identifying all the 
items present in the predator’s diet is rarely feasible (Dalsgaard et al 2003, Traugott et al 2013). 
Despite that, quantitative prey proportions in a predator’s diet can be estimated using 
quantitative fatty acid signature analysis (QFASA) (Iverson et al 2009). One limitation is that 
fatty acid profiles are modified in consumers, so that calibration coefficients are necessary to 
avoid biases when estimating prey proportions (Iverson et al 2004, Happel et al 2016) – and 
calibration coefficients not only vary between predator species, they may also depend on the 
prey species eaten (Rosen & Tollit 2012). However, Bromaghin et al (2017) developed an 
approach of determine diet composition and calibration coefficients simultaneously. 
The use of stable isotopes is based on the fact that a predator’s stable isotope ratios reflect 
that of its prey (Michener et al 2007, Nielsen et al 2018). Bulk or compound-specific stable 
isotope analysis can be used. The compound-specific analysis provide more dietary tracers 
than bulk stable isotopes, therefore allowing the differentiation between more types of prey. 
This method presents an advantage compared to other diet analysis methods, which is the 
possibility of assessing the broad diet (or at least trophic level) over a long-time scale (weeks, 
months or even years), dependent upon the half-life of the stable isotopes and the turnover 
rate in the studied tissue (Abend & Smith 1995, Monteiro et al 2015, Nielsen et al 2018). 
However, being dependent on tissue turnover rates also implies that the stable isotopes are 
integrated over different time scales both in different tissues of the same animal and (since 
metabolic rates are species-specific), in the tissue of different species (Tieszen et al 1983, 
Hobson & Clark 1992, MacAvoy et al 2006). Another drawback of this methodology, at least 
for bulk analysis is that several prey species may have similar isotopic profiles. Interpretation 
can also be problematic if baseline values for some ecosystems are unknown or similar to each 
other (Ramos & González-Solís 2012, Louis 2014). Since stable isotope ratios are measured 
in body tissues, differences in the rate of digestion of different prey species are irrelevant and 
results from this approach can be complementary to those from stomach contents and fatty 
acid analysis (Monteiro et al 2015), bearing in mind that the information provided on diet is 
relatively coarse (generally at the trophic level rather than species level). 
Proteins can also be used as dietary tracers, as fish muscle protein composition is species-
specific (Mackie 1969, 1972, 1980, Hume & Mackie 1980, Laird et al 1982). Protein profiles 
can be revealed by electrophoresis or by raising and applying specific antisera. As with all such 
methods it is important validate the results to ensure that similar species are not confounded 
(Pierce & Boyle 1991) and these approaches have largely been abandoned in favour of 
molecular methods of prey identification. 
Marine mammals bioaccumulate contaminants in their bodies during their lifetime. As most of 
these contaminants originate from their prey, it is possible to use the interaction with these 
contaminants as a dietary tracer (Aguilar et al 1999, Lahaye et al 2005). The use of cadmium 
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as a metallic tracer is a good example. Cephalopods are a major source of cadmium due to 
their mode of feeding, and thus will be revealed in the diet of those cetacean species feeding 
largely upon them (Hamanaka et al 1982, Bustamante et al 1998, 2002, Lahaye et al 2005). 
However, it would be difficult to identify the prey to species level based on such data. 
Concentrations Persistent Organic Pollutant concentrations, e.g. those of polychlorinated 
biphenyls (PCBs) might prove more informative since the concentrations of a large number of 
different PCB congeners can be measured which might provide enough discrimination to 
distinguish different prey species. 
 

Distribution and diet of different cetacean species 

Distribution maps of some of the commoner cetacean species in the eastern North Atlantic and 
North Sea are displayed in Figure 2 and Table 2 summarises the main prey species recorded 
in the diet of each cetacean species in the ASCOBANS Agreement Area. 
 

 
Figure 2. Summer and winter modelled density distributions for the 12 most common cetacean species 
in the eastern North Atlantic and North Sea (source: Waggitt et al 2020) 

 
  



ASCOBANS/AC27/Doc.2.2 

 
18 

Table 2. The main prey species recorded in the diet of each cetacean species in the ASCOBANS 
Agreement Area. See the main text for further details. 

Species Foraging habitat Prey species commonly taken 

Harbour porpoise Mainly benthic Whiting, sandeel, sprat, herring, cod, gobies, 
pouts 

Bottlenose dolphin Meso- and 
benthopelagic 

Sea bass, salmon, whiting, cod, herring, 
sandeel, sprat, saithe, haddock, pouts, hake, 
scad, mullets  

Common dolphin Pelagic Mackerel, pouts, sardine, anchovy, whiting, 
scad, sprat, sandeel, blue whiting 

Risso’s dolphin Mainly benthic Octopus, cuttlefish, various small squids 
Striped dolphin Meso- and 

benthopelagic 
Sprat, blue whiting, whiting, silvery pout, pouts, 
hake, scad, anchovy, bogue, garfish, haddock, 
saithe, myctophids, gobies, squids 

Atlantic white-sided 
dolphin  

Pelagic Herring, mackerel, silvery pout, blue whiting, 
scad, argentine, myctophids, squids 

White-beaked dolphin Pelagic Cod, whiting, herring, mackerel, hake, scad, 
sprat, pouts, sandeel, haddock, sole, gobies, 
octopus 

Killer whale Pelagic Mackerel, herring, salmon, cod, halibut, other 
marine mammals 

Long-finned pilot whale Benthic and pelagic Mainly squids; also mackerel, cod, whiting, 
pollack, scad, sea bass, hake, sole, pouts, eels  

Northern bottlenose whale Benthic and pelagic Mainly squids (particularly Gonatus); also 
herring, redfish 

Sowerby’s beaked whale Mesopelagic Squids, cod, hake, sandeel 
Blainville’s beaked whale Meso- and 

benthopelagic 
Mainly squids; also gadoids and myctophids 

Cuvier’s beaked whale Mainly benthic Mainly squids; also blue whiting and gadoids 
Sperm whale Mesopelagic Mainly squids; also saithe, monkfish, halibut, 

other fish, and crustaceans 
Minke whale Meso- and 

benthopelagic 
Sandeel, sprat, herring, cod, haddock, saithe, 
whiting, mackerel, pouts, gobies 

Fin whale Pelagic Mainly euphausiids, also copepods; herring, 
mackerel, sandeel, blue whiting, squids 

Sei whale Pelagic Mainly copepods; also euphausiids, small 
schooling fishes and squids 

Humpback whale Pelagic Mainly euphausiids; also herring, sprat, 
sandeel 

 
Northern bottlenose whale: In the central and eastern North Atlantic, the northern bottlenose 
whale occurs in deep waters (usually >500m depth) from Svalbard south to the southern tip of 
the Iberian Peninsula, with concentrations around Iceland, northern Norway, west of Svalbard, 
and the Faroe Islands.  
This species mainly feeds on deep-water gonatid squids, particularly Gonatus fabricii in 
northern waters and G. steenstrupi further south (Bloch et al 1996, Lick & Piatkowski 1998, 
Hooker et al 2001, Santos et al 2001b, Fernández et al 2014). Stomach contents of nine whales 
stranded in the Faroe Islands contained at least 13 different squid species (Bloch et al 1996), 
while the stomach contents of whales stranded from the North Sea contained at least 16 
different species in one study (Santos et al 2001) and 21 different species in another 
(Fernández et al 2014). Apart from Gonatus, other common taxa found are Teuthowenia spp., 
Taonius pavo and Histioteuthis reversa (Hooker et al 2001). For ten whales stranded from the 
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North Sea, Gonatus spp., Teuthowenia spp. and Taonius pavo together made up more than 
90% of the total diet by both weight and number (Fernández et al 2014). 
Sowerby’s beaked whale: A largely deep water temperate species, the distribution of 
Sowerby’s beaked whale appears to be mainly from around the Faroe Islands and west of 
Norway south to the Bay of Biscay and out into the central Atlantic (including the Azores); it 
only rarely enters the North Sea and Baltic (Evans 2020). An analysis of stomach contents 
from three individuals in the Bay of Biscay and ten from the Azores revealed that this species, 
unlike most of the other beaked whales, primarily feeds on fish (Pereira et al 2011, Spitz et al 
2011). In the Bay of Biscay sample, the most common prey were gadids: blue whiting, 
Trisopterus spp. and European hake (Merluccius merluccius) (Spitz et al 2011). In the Azores, 
the diet consisted mainly of small mid-water fish, the most numerous being Diaphus sp., 
Lampanyctus sp. and Melamphaidae species. Myctophids were present in all stranded 
individuals, followed by Diretmidae, Melamphaidae and Opisthoproctus soleatus, while the 
remaining fish species were scarce or single occurrences. 
Cuvier’s beaked whale: Also a deep water species, the Cuvier’s beaked whale appears to be 
the most common beaked whale in Southern Europe, around the Iberian Peninsula and in the 
Bay of Biscay, although its distribution at least in recent years extends northward west of 
Ireland towards the Faroe Islands. 
Stomach contents analyses from one animal stranded in Scotland and two from Galicia indicate 
a diet dominated by oceanic cephalopods, mainly squid: Teuthowenia megalops, Mastigotuthis 
schmidti, and Taonius pavo, Histioteuthis reversa, and Gonatus sp. (Santos et al 2001).  Other 
prey included Histioteuthis bonellii, Histioteuthis arcturii and Todarodes sagittatus, as well as 
Vampiroteuthis infernalis, Stauroteuthis syrtensis, and Japotella diaphana. Ten samples from 
the Bay of Biscay comprised small to medium-sized cephalopods, a third of which by biomass 
were Cranchiid squids, including mainly Teuthowenia megalops and Galiteuthis armata, and a 
third Histioteuthid squids, mainly Histioteuthis reversa and Histioteuthis bonnellii (Spitz et al 
2011).  
 
As a note of caution, recent improvements in cephalopod beak identification and taxonomy 
have resulted in some past identifications of Southern Ocean cephalopods being revised 
(Cherel 2020) and a similarly critical review of past identifications from the northeast Atlantic 
may be needed, especially for oceanic cephalopod species.  
 
Long-finned pilot whale: Within the ASCOBANS Agreement Area, the species is found mainly 
along the edge of the continental shelf from the Faroes south to the Iberian Peninsula, although 
it will enter the northern North Sea and western English Channel. Pilot whales are scarce in 
the Irish Sea, Skagerrak, Kattegat, Belt Seas and Baltic (Evans 2020).   
Cephalopods are the main component in the diet of this species (Gannon et al 1997, Dos 
Santos and Haimovici 2001, De Pierrepont et al 2005, Beatson et al 2007, Beatson & O’Shea 
2009, Spitz et al 2011, Santos et al 2014), although fish may also be taken (Overholtz & Waring 
1991, Spitz et al 2011). In Scotland, the Bay of Biscay and northwest Iberia, stomach contents 
mainly comprised octopods such as curled octopus (Eledone cirrhosa), and squid such as 
European flying squid (Todarodes sagittatus), reverse jewel squid (Histioteuthis reversa), 
umbrella squid (Histioteuthis bonnellii), and armed cranch squid (Galiteuthis armata), but also 
included conger eel (Conger conger) and scad (Spitz et al 2011, Monteiro et al 2015). In 
Scotland, prey from the pelagic squid family Ommastrephidae were the most important 
whereas off Northwest Spain, neritic octopod species, such as curled octopus, were recorded 
at highest frequency (Santos et al 2014). 
Killer whale: Although the species has a global distribution, it is most abundant in polar and 
subpolar regions. Within the ASCOBANS area, it occurs primarily in deep waters between 
Norway and Iceland including the Faroes south to west Scotland and western Ireland. It is rare 
in inner Danish waters, the Baltic Sea, Irish Sea, central and southern North Sea, English 
Channel, Bay of Biscay and around the Iberian Peninsula (although a small population feeding 
upon bluefin tuna occurs in the Strait of Gibraltar) (Evans 2020).    
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Individual killer whale populations tend to specialise in feeding on particular kinds of prey 
(Felleman et al 1991), including those which specialise in feeding on other marine mammals. 
Such specialisation may make these populations vulnerable to depletion of preferred prey 
species. However at least some killer whale groups appear to be capable of switching between 
different prey types (Vongraven & Bisther 2013). The most important fish prey for killer whales 
in the Northeast Atlantic appears to be Atlantic herring with the whales following the herring 
migrations between Norway and Iceland (Foote et al 2012, Nøttestad et al 2014, Vongraven & 
Bisther 2014). It frequently associates with trawlers fishing for Atlantic herring or Atlantic 
mackerel (Scomber scombrus) (Couperus 1993, 1994, Luque et al 2006) and animals in 
Scottish waters will predate seals (Bolt et al 2009). 
Atlantic white-sided dolphin: This species occurs in the northern part of the ASCOBANS 
Agreement area mainly along the shelf edge although it will seasonally enter coastal waters 
such as around the Faroe Islands, Shetland and Orkney and Hebrides. It is rare south of 
Ireland, and its range seems to be shifting north in response to climate change (Evans & 
Waggitt 2020).   
A study of a mass stranding in western Ireland found Trisopterus spp. and blue whiting to be 
the most important prey, both by number and by weight, followed by whiting. Other prey 
species included Atlantic mackerel, silvery pout (Gadiculus argenteus) and myctophids 
(Hernandez-Milian et al 2015).   
White-beaked dolphin: In the ASCOBANS Agreement Area, the white-beaked dolphin is 
primarily a cold temperate shelf species occurring from Norway south to the British Isles and 
Ireland. It is common in the North Sea and the west of Scotland, rarer off the west of Ireland 
and only occasionally enters the Irish Sea or further south in the Bay of Biscay (Evans 2020).  
Studies in the North-east Atlantic have identified whiting and Atlantic cod as important prey for 
white-beaked dolphins (De Pierrepont et al 2005, Canning et al 2008, Jansen et al 2010). 
Some slight variation in the preferred prey species can be observed between areas. In Dutch 
and German waters, poor cod (Trisopterus minutus) was found in addition to whiting and cod 
in white-beaked dolphin stomachs (Lick 1994). In French waters, pollack (Pollachius 
pollachius) and Trisopterus sp. were also found (De Pierrepont et al 2005). In British waters, 
haddock (Melanogrammus aeglefinus) and European hake were also eaten (Canning et al 
2008). In other regions, distribution and abundance of these dolphins were related to preferred 
prey (Brodie 1996, Trippel et al 1999, MacLeod et al 2004). 
Diet was found to be correlated to neither size nor sex, at least in the southern North Sea and 
around Scotland. No seasonal variation was found, nor was any long term variation detected 
(Jansen et al 2010). However, sample sizes remain limited. 
Risso’s dolphin: The species is found particularly along the continental shelf slope of Atlantic 
Europe from the Iberian Peninsula north to the Faroe Islands and west Norway. It is only 
occasional in the western Baltic and is uncommon in the North Sea except for the northern 
sector where it is regular in Shetland and Orkney (Evans 2020). Although never common, 
greatest numbers occur around the Hebrides, west of Scotland and Ireland, in the Irish Sea, in 
the western English Channel, Bay of Biscay and Iberian Peninsula. 
Stomach contents analysis of 14 Risso’s dolphins from two separate schools in the Faroe 
Islands (Bloch et al 2012) found they had consumed the same three species: the European 
flying squid, the veined squid (Loligo forbesii), and the curled octopus (Eledone cirrhosa), but 
in different proportions. In April, one dolphin also consumed a fourth species, the demersal 
lesser flying squid (Todaropsis eblanae). The diet includes both mid-water (Todarodes and 
Loligo) and bottom dwelling (Eledone, Todaropsis) species.  
In Scottish waters, stomach contents of 11 Risso’s dolphins contained curled octopus 74% of 
the diet numerically and almost 90% in terms of biomass, as well as smaller amounts of as 
loliginid (Loligo sp.) and ommastrephid squids (Todarodes sagittatus and Illex coindetii or 
Todaropsis eblanae), cuttlefish (Sepia spp.) and sepiolids. At least three species of gadid fish 
were also eaten (1.3% and 1.5% of the diet by numbers and weight respectively. 
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In Northwest Spain, the stomach contents of three Risso’s dolphins included specimens of 
European (longfin) squid (Loligo vulgaris), common octopus (Octopus vulgaris), curled octopus  
and broadtail shortfin squid (Illex coindetii) (González et al 1994). 
Bottlenose dolphin: The species is locally fairly common near-shore off the coasts of Scotland, 
Wales, South-west England, western Ireland, France, Spain and Portugal (Evans 2020). Much 
larger numbers range up and down the continental shelf edge anywhere between the Faroe 
Islands and the Iberian Peninsula. Although still to be fully established, it is quite possible that 
these form distinct coastal and offshore ecotypes, as found in other parts of the world.   
In neritic waters, bottlenose dolphins tend to feed mostly on large demersal and epibenthic fish 
(Barros et al 2000, Santos et al 2001a), whereas in oceanic waters they take mainly small very 
mobile mesopelagic prey (Pusineri et al 2007). In the Bay of Biscay, the main prey found in 
stomach contents were European hake and blue whiting, followed by scad, mullets (Mugilidae), 
and, to a lesser extent, squid of the genera Loligo and Sepia (Desportes, 1985, Spitz et al 
2006, Santos et al 2007). In western Ireland, analysis of the stomach contents of 12 bottlenose 
dolphins revealed 37 prey taxa, with the main species being European hake, scad, common 
ling (Molva molva), conger eel, whiting, blue whiting, and pollack. 
Common dolphin: The common dolphin is an abundant and widely distributed species, 
occurring in the ASCOBANS area particularly along the continental shelf break from the Iberian 
Peninsula north to northern Scotland, with greatest numbers in the Bay of Biscay. The species 
also ranges over the shelf, particularly in the western English Channel, Irish Sea, western 
Ireland and Scottish Hebrides. Common dolphins are rare in the central and southern North 
Sea, Skagerrak, Kattegat, Belt Seas and Baltic (Evans 2020), 
Like the bottlenose dolphin, the common dolphin inhabits both inshore and offshore waters. 
There is some evidence to suggest that these may form different ecotypes, one being neritic 
and the other oceanic (Lahaye et al 2005). 
Common dolphins generally prey on small, pelagic shoaling fish and, in some cases, 
cephalopods (Desportes 1985, Silva 1999, De Pierrepont et al 2005, Spitz et al 2006, Pusineri 
et al 2007, Garrido and Murta 2011, Garrido et al 2015, Santos et al 2013a). They show a great 
diversity of prey (Young and Cockcroft 1994, Silva 1999, Brophy et al 2009, Santos et al 
2013a), although there is some evidence for selective behaviour (Spitz et al 2010, Meynier et 
al 2008), favouring particular prey when available but also displaying opportunistic foraging. 
Stomach contents of 76 common dolphins stranded along the coast of Ireland were compared 
with those from 58 animals bycaught in the offshore tuna driftnet fishery southwest of Ireland 
(Brophy et al 2009). The diet of common dolphin stranded along the coast was dominated by 
gadids, particularly Trisopterus spp, whereas the offshore bycaught animals had mainly 
myctophids (particularly Myctophum punctatum and Notoscopelus kroyeri) in their stomachs, 
although scad was also important. The offshore sample comprised largely juvenile dolphins so 
there may also be an age effect, as well as a bias towards night feeding since that was when 
most of the dolphins were bycaught. Brophy et al (2009) reported that a preference for prey 
with higher lipid content might be responsible for seasonal movements of common dolphins 
within the North-east Atlantic, due to the energetic demands of pregnant and lactating females. 
The authors suggested that the offshore movement of some mature females (and calves) 
during the spring and summer was to take advantage of lipid rich prey at times when neritic 
prey had reduced caloric content or had dispersed to/from spawning groups.  
A study in the Bay of Biscay also compared common dolphin diet in oceanic and neritic 
habitats. In the oceanic habitat, its diet was largely dominated by the lancet fish (Notoscopelus 
kroeyeri), but other important prey included Mueller's pearlside (Maurolicus muelleri), glacier 
lantern fish (Benthosema glaciale), spotted lanternfish (Myctophum punctatum), Atlantic saury 
(Scomberesox saurus), angel clubhook squid (Ancistroteuthis lichtensteini), Atlantic gonate 
squid (Gonatus steenstrupi), common arm squid (Brachioteuthis riisei) and Atlantic cranch 
squid (Teuthowenia megalops) (Pusineri et al 2007). In neritic habitats, its diet included far 
fewer cephalopods (10 times less) (Pierce et al 2004) and mostly comprised of gadids, gobiids, 
clupeids, engraulids and carangids (Pusineri et al 2007). In the Bay of Biscay, these families 
are represented by sardine, followed by sprat, European anchovy, and scads (Trachurus spp., 
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including Trachurus trachurus) (Meynier 2004, Meynier et al 2008, Spitz et al 2018). Sardine 
was also found to be the main prey in western Iberian waters, followed by chub mackerel 
(Scomber japonicus) and scads (Trachurus spp.). Other important prey in this area included 
blue whiting and European hake (Silva 1999, Cabral and Murta 2002). Cephalopods identified 
in the diet have included Loligo sp., Alloteuthis sp. and Sepiola sp. (Desportes 1985). 
Seasonal variation in the prey species taken has also been reported. In the Bay of Biscay, 
sardine was most important in autumn and winter, whilst sprat was absent, as were gobies in 
autumn. During summer, it was horse mackerel that were comparatively absent from the diet. 
These seasonal variations in diet were attributed to changes in prey availability (Meynier et al 
2008). Variation over the years has also been observed in the Bay of Biscay. The contribution 
of sardine and anchovy in the diet has generally increased from the early 1980s to the early 
2000s, whilst that of hake, sand smelt (Atherina presbyter), and Trisopterus spp., which were 
important prey in the past, has decreased, again reflecting adaptation of diet to prey availability 
in the area (Meynier et al 2008). 

On the French coast, juvenile dolphins seem to prefer more pelagic prey compared with semi-
benthic prey that adult dolphins mostly consume (Desportes 1985).  
Striped dolphin: The striped dolphin is generally found further offshore than the common 
dolphin, mainly occurring beyond the shelf edge from the Iberian Peninsula north to the British 
Isles, with greatest numbers in the southern Bay of Biscay and west of the Iberian Peninsula 
(Evans 2020).   
The striped dolphin feeds on both neritic and oceanic species of both fish and cephalopods 
(López et al 2003, Ringelstein et al 2006, Spitz et al 2006, Santos et al 2008), but displays a 
preference for small migrating mesopelagic fauna (Ringelstein et al 2006). According to Clarke 
(1996), its preferred prey are ommastrephid, loliginid, enoploteuthid and lycoteuthid squid. This 
species’ dietary plasticity, and its capacity to switch between neritic and oceanic habitats to 
forage, have been well documented in the Bay of Biscay where both oceanic species and 
neritic prey species have been identified in stomach contents, although only neritic species 
were of high importance. The most important were sand smelt and blue whiting, followed by 
gobies, Trisopterus spp., Atlantic gonate squid, ommastrephid squid, and Loligo spp. (Spitz et 
al 2006). Off Scotland, however, where the species has occasionally stranded, the main 
species in stomach contents was whiting (Merlangius merlangus) along with Trisopterus spp. 
(Santos et al 2008). A larger study focusing on the oceanic sector of the outer Bay of Biscay 
identified lancet fish (Notoscopelus kroyeri), Cocco's lantern fish (Lobianchia gemellarii), 
Atlantic cranch squid (Teuthowenia megalops) and Histioteuthis spp. as the main prey of 
striped dolphins (Ringelstein et al 2006). 
Santos et al (2008) found a higher number of Trisopterus spp. in female dolphins than in males 
in Scottish stranded animals. Spitz et al (2006), on the other hand, found no differences related 
to either sex, age, or season in the Bay of Biscay. 
Harbour porpoise: Widely distributed over the North-west European shelf, harbour porpoises 
are common throughout much of the ASCOBANS area, although they are rare in the Baltic 
Proper, and relatively uncommon around the Iberian Peninsula. 
Porpoises prey on small, schooling fish, mostly clupeids and gadids in the North Atlantic (Rae 
1973, Smith and Gaskin 1974, Recchia & Read 1989, Fontaine et al 1994, Santos & Pierce 
2003). Their diet is very broad, although the following species have most commonly been 
recorded across its North-west European range: Atlantic cod, sandeels, sprat, whiting, and 
herring (Santos & Pierce 2003, Víkingsson et al 2003, Heide-Jørgensen et al 2011, Hammond 
et al 2013). The relative importance of prey species varies both spatially and temporally. Across 
the northern North Sea and western Baltic, the harbour porpoise’s main prey are cod and 
herring, followed by sprat. They also feed on whiting and sandeel, and in shallow coastal areas 
such as the southernmost North Sea and Belt seas, particularly gobies (Koschinski 2001, 
Börjesson et al 2003, Lockyer & Kinze 2003, Santos & Pierce 2003, Sveegaard et al 2012, 
Jansen et al 2013, Leopold 2015, Andreasen et al 2017).  
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Off Scotland, stomach contents analysis indicated both whiting and sandeel as being 
important, followed by haddock, saithe, pollack and Trisopterus spp, with more sandeel being 
eaten on the east mainland coast and more gadids eaten around the Northern Isles (Santos et 
al 2004). Previously, Rae (1973) had documented that during the 1960s, the main prey in 
stomach contents analyses of harbour porpoise were herring and sprat in addition to whiting. 
Herring stocks then crashed and many marine predators that had previously taken herring are 
thought to have switched to sandeel and/or sprat (Evans 1990). In the Northern Isles, sandeel 
stocks declined sharply during the 1990s, leading to widespread seabird breeding failure and 
a decline in harbour porpoise numbers (Evans & Borges 1995, Borges & Evans 1997, Evans 
et al 1997). This fits with the concept of prey switching as revealed in the temporal differences 
in stomach contents analysed from Scotland.   
Analysis of 73 stomachs revealed that although a broad range of fish taxa were consumed by 
harbour porpoises in Irish waters, whiting, and Trisopterus sp. (poor cod and Norway pout 
Trisopterus esmarkii) were identified as important in terms of percentage by number, whereas 
in terms of percentage occurrence herring was also important (Brown 1999, Rogan 2009). 
Analysis of a sub-set of individuals (n=34, sampled between 1993 and 1999) showed that the 
prey remains obtained from stranded and by-caught animals were largely similar; though fewer 
clupeids and more poor cod were observed in the stomachs of by-caught individuals. Overall, 
fish consumed were predominately < 30 cm in length, with a modal size class of 11-20 cm 
(Brown 1999). 
In waters off the south-west UK, whiting, Gobiidae sp, herring, sprat and scad were the most 
important fish species by weight in the stomachs of stranded and by-caught harbour porpoises 
(n= 67 stomachs). The three most important fish taxa by weight for by-caught individuals were 
whiting, Gobiidae sp., and herring. For animals that died from other causes of death, whiting, 
sandeel and Gobiidae sp. were important. Animals from off the south-west coast of the UK 
consumed smaller sized prey than did porpoises in the North Sea and Outer Hebrides. Whiting 
increased in importance in stomach contents during 1995-2002 in UK waters, from 63% to 94% 
(n=123), while herring decreased in importance, from 33% to 7% (Tierney 2002). 
In the Bay of Biscay, whiting has been documented as the main prey along with scad, sardine 
and blue whiting (Spitz et al 2006). 
Prey species importance appears to vary seasonally. In the Baltic Sea, cod is most commonly 
consumed in autumn and winter, whereas gobies are of lesser importance in the autumn 
(Sveegaard et al 2012, Andreasen et al 2017). Herring is most important in the winter and 
spring, but is of lesser importance in the summer, which is related to the seasonal variation of 
abundance of this species, hence related to its availability. Cod, gobies and herring are 
nonetheless the most frequently occurring species over the twelve months, whereas in this 
region, sprat, whiting, haddock and sandeel occur mainly during the summer (Nielsen et al 
2001, Guse et al 2009, Sveegaard et al 2012, Andreasen et al 2017). Off Scotland, whiting 
were mostly consumed in winter, whereas sandeel were most important in the summer, which 
coincides with their availability (whiting being more abundant in winter, and sandeel moving 
out of the substrate in summer) (Santos et al 2004). 
In the Baltic Sea, Sveegaard et al (2012) found no correlation between the length of the 
porpoise and the mean length of its prey. However, off Scotland, it was found that medium-
sized individuals consumed more clupeids than did large individuals, and that the importance 
in terms of number of haddock, saithe, and pollack in the diet was positively correlated with 
porpoise length (Santos et al 2004). In both areas, juvenile harbour porpoises (less than one 
year old) consumed many more gobiids than did adults, even to the point of them becoming 
their most common prey (Santos et al 2004, Andreasen et al 2017), whilst adults were found 
to consume more hagfish than juveniles. There were also gender differences, with females 
consuming more hagfish and sandeel than males, the latter taking more herring, whiting and 
gobies. These differences may be due to the different needs of pregnant or lactating females 
(Börjesson et al 2003, Andreasen et al 2017). 
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Filling data and knowledge gaps 

 
A substantial amount of past work on diet of cetaceans in the ASCOBANS area, facilitated by 
collaborations with strandings monitoring networks, remains unpublished. Much of this work 
has taken place as part of undergraduate and masters projects with no specific funding. 
Revising prey identification and working the material up for publication takes time and is often 
not high priority if unfunded. Given dedicated funding (e.g. for a PhD) this material could be 
worked up and published.  
An Irish Research Council funded PhD study by Ms Sofia Albrecht entitled ‘Impacts of 
anthropogenic activities and environmental change on the foraging ecology and nutritional 
status of common dolphin and its implications towards sustainable resource management’ 
commenced at the Atlantic Technological University in 2021. The context is the increasing 
number of stranded dolphins along the Irish coastline that show evidence of 
starvation/emaciation. The study will have access to samples and data collected by Irish 
stranding and observer bycatch programmes over a 25-year period and will investigate 
temporal changes and spatial patterns in diet and nutritional status and identify drivers of 
change (e.g. changes in prey availability). The work will include both conventional stomach 
contents analysis and novel molecular approaches for detecting prey DNA, to assess 
occurrence of dietary shifts (e.g. replacement of high-energy prey by low energy prey).   
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ToR F. Review relevant information from emerging technologies  

Emerging technologies can contribute novel information on available prey quantity and quality, 
on predator-prey interactions, and on the nutritional status of small cetaceans.  
Firstly, technological innovations implemented on research vessels during scientific cruises 
continuously improve the quality and the quantity of data obtained on prey distribution and 
abundance. Beyond a rough assessment of prey biomass, acoustic tools such as multibeam 
sonars provide, for instance, information on the structure and behaviour of prey schools, and 
thus offer a three-dimensional view of what cetaceans encounter in the oceans (Gerlotto et al 
1999). These developments in sonar techniques can be used to simultaneously observe the 
foraging behaviour of cetaceans and the anti-predator behaviour of their prey in three 
dimensions (Nøttestad & Axelsen, 1999; Benoit-Bird & Au, 2009). Developments in both active 
and passive acoustics now make it possible to observe the oceans with a high spatiotemporal 
resolution from oceanographic features to marine mammals as never before (Howe et al 2019). 
The application of new technologies on research vessels has stimulated the implementation of 
multidisciplinary surveys. These surveys collect in-situ data on everything from environmental 
characteristics to top predator abundance, distribution and behaviour, providing integrated 
monitoring of marine ecosystems (Doray et al 2018). Such projects simultaneously record 
spatial data both for cetaceans and their prey, which are crucial to understanding predator-
prey interactions at small and meso-scales (Lambert et al 2019).  
Where traditional monitoring by scientific vessels is difficult, such as in rocky coastal areas, the 
polar zones or the deep sea, remote monitoring is opening a window on these ecosystems. 
Satellites, remote underwater stereo-video stations, remotely operated vehicles (ROVs), 
autonomous underwater vehicles (AUVs), unmanned aerial vehicles (UAVs), gliders, 
submarine drones etc. are leading to a technological revolution in the way we observe and 
quantify marine life (e.g., Suberg et al 2014, Danovaro et al 2016, Verfuss et al 2019). These 
recent technological advances are in particular thanks to the miniaturization of sensors and the 
increase in battery performance which benefit also developments in biologging. Biologgers are 
extensively deployed on pinnipeds and large whales but rarely used on small cetaceans 
(reflecting welfare considerations and challenges for deployment). Advances in electronics, 
packaging and attachment methods will enable researchers to more extensively obtain data 
from tagged dolphins and porpoises (Pearson et al 2017, Visser et al 2021). 
Methodological progress in biological sample analysis represent another area of technological 
innovation benefiting the study of prey quantity and quality, as well as small cetacean health. 
Continued advances in the use of environmental DNA (eDNA) could complement the 
monitoring of available prey, especially where and when cetaceans are actively feeding 
(Valentini et al 2016, Visser et al 2021). DNA metabarcoding provides a valuable tool for 
assessing some aspects of marine predator diets (McInnes et al 2017). 
Some traditional analyses such as the proximate composition and energy density of prey, as 
well as stress hormone or gene expression assays from cetacean biopsies, require a time-
consuming process of sample preparation and assaying. Biomedical research accelerates the 
development of techniques and tools that can eventually be applied to wild species (Smith and 
Madden 2016), and then allow us to significantly extend both monitoring of the quality of 
cetacean prey resources and their health. Some microarrays have already proved their 
effectiveness on delphinids (Mancia et al 2015).  
Finally, different emerging technologies can be combined to provide innovative tools to monitor 
the health of cetaceans. Drone videos coupled with photogrammetry analysis can monitor the 
body condition of cetaceans (Lemos et al 2020). Drones can also capture exhaled breath from 
cetaceans, and provide non-invasive samples to examine the associated microbiome and 
inform for instance on pulmonary infections (Apprill et al 2017). Such advances in the 
monitoring of cetaceans, which until about ten years ago were the domain of science fiction, 
suggest the progress that could be made in the coming decades.  
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ToR G. Explore prospects for integrating information from multiple data sources to 
provide inter/multidisciplinary insights into the resource depletion issue 

It is difficult to obtain direct evidence of adverse impacts of resource depletion on cetacean 
populations. However, indirect evidence might derive from a range of sources including those 
based on current or proposed/recommended routine monitoring. Integrating other data sources 
may also reveal additive or synergistic consequences of multiple stressors (e.g. impacts of 
prey depletion could be exacerbated by impacts of pathogens and contaminants). Such 
integration of information is discussed under several of the other ToRs (above). Relevant types 
of information could include: 
- Unusual mortality events involving multiple individuals in poor condition, as detected from 

strandings data and associated necropsies; 
- Health and condition, e.g. from necropsy of stranded animals, as well as from biopsies and 

photogrammetry in free-living animals. The reliable attribution of death or poor condition to 
starvation requires context – there are multiple reasons why an animal may not be feeding 
normally and prey depletion is just one of them; 

- Cetacean population growth parameters (mortality and birth rates), based on analysis of 
samples and data obtained from stranded animals - and in some cases from living animals, 
e.g. observations of mother-calf pairs in bottlenose dolphins (Robinson et al 2017);   

- Diet composition, foraging behaviour and selectivity, based on (traditional and molecular) 
stomach contents analysis, as well as stable isotope and fatty acid analysis of cetacean 
tissues, usually from stranded animals; potentially also e-DNA, satellite tag telemetry and 
visual observations of feeding behaviour; 

- Cetacean abundance and distribution based on dedicated surveys, surveys using 
platforms of opportunity and citizen science sightings data;    

- Fish abundance and distribution, based on catch statistics, annual stock assessments, 
research surveys and other sources (e.g. citizen science data on observations by divers). 
Conversion of data on biomass to energy (based on known prey energy density, accounting 
for variation with size and season, may give the most useful index of prey availability; 

- The wider ecosystem impacts of fishing, e.g. seabed damage by trawling which could result 
in the decline of benthic prey species; 

- Evidence of changes in ecosystem structure and function, including that derived from 
ecosystem models, related to the decline of commercially exploited and impacted species. 

Some species of cetacean will be more susceptible than others to prey depletion. In particular, 
harbour porpoises are likely to be susceptible because of their high metabolic demands 
(Wisniewska et al 2016), possibly exacerbated by selective pressure for lean body shapes 
which permit better manoeuvrability (MacLeod et al 2007c). In addition, species with 
specialised diets (e.g. Risso’s dolphin) and those whose diet contains a high proportion of 
commercially important or impacted fish species (e.g. most small cetaceans) will be vulnerable 
to depletion of important prey species.  
Linking such information to prey depletion, even when multiple sources of information are 
available, is usually speculative. At best, the evidence tends to be circumstantial. MacLeod et 
al (2007) proposed that an increase in „starvation” deaths of porpoises in Scotland was linked 
to a decline in sandeel abundance. Similarly, the southwards shift of porpoise distribution in 
the North Sea between 1994 and 2005 as revealed by the SCANS surveys may have been 
linked to shifts in prey distribution resulting in reduced resource availability in the northern North 
Sea. Interestingly however, Ransijn et al (2019) concluded that harbour porpoises were not 
found at highest densities where prey energy density was highest, possibly because prey 
availability was not limiting. 
Some of the above-mentioned information is already reported to ASCOBANS and much of the 
remainder could be provided in national reports on strandings and associated research. Gaps 
or deficiencies may however be expected in the data due to limited funding to carry out 
necropsies and carry out subsequent sample analysis, as well as the extended time-gaps 
between large-scale surveys. It would be helpful to emphasise the importance of providing 
such information in national reports and to flag the importance of providing information on the 
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status of key prey populations, either in national reports or as part of a separate annual 
exercise, given that much of the necessary information (raw data, assessment reports, 
fisheries advice) is already available in one place (i.e. ICES). It should be noted that the raw 
data (landings, survey abundance data) may be available from national sources earlier than 
they would become available via ICES and if such data are to have a sentinel role this may be 
important.  
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ToR H. Mitigation of pressures affecting cetacean prey availability - fisheries 

Within the ASCOBANS area, fisheries management is applied through the EU Common 
Fisheries Policy (CFP, EU Regulation 1380/2013), which strives towards management based 
upon Maximum Sustainable Yield (MSY). There are also commitments to ensure that fishing 
activities are environmentally sustainable in the long‐term and are managed in a way that is 
consistent with the objectives of achieving economic, social and employment benefits and to 
implement an ecosystem‐based approach to fisheries management to ensure that negative 
impacts of fishing activities on the marine ecosystem are minimised.  If implemented properly, 
both of these types of measures could help ensure the availability of prey for small cetaceans. 

In the context of the CFP, ICES provides annual advice on the status of fish stocks in waters 
of the Northeast Atlantic European Exclusive Economic Zone (EEZ). Outside the European 
EEZ, ICES also provides advice to Coastal States such as Iceland and the Faroe Islands, for 
stocks mostly confined to their EEZs as well as the ‘Straddling Stocks’, i.e. those which migrate 
across the waters of different nations and the high seas.  

One of the basic measures to ensure that fish resources are utilised in a sustainable way is 
the application of a Total Allowable Catch (TAC) as determined by Maximum Sustainable Yield 
(MSY) and associated reference points for appropriate levels of stock size and fishing mortality. 
These are catch limits (expressed in tonnes or number of individuals) that are set annually for 
most commercial fish stocks, and every two years for deep-sea stocks by the EU Council of 
fisheries ministers. TACs are shared between EU countries in the form of national quotas using 
a system known as ‘relative stability’. EU countries have to use transparent and objective 
criteria when they distribute the national quota among their fishing fleets and are responsible 
for ensuring that the quotas are not overfished.  Although widely used, TACs can be subject to 
socio-economic pressures meaning the TAC set can exceed that recommended in the ICES 
scientific advice and, subsequently, are difficult to enforce. Collection of relevant, high quality 
data every year for assessments of the status of fish stocks is essential.  

The management of fisheries within the ASCOBANS area is currently in a state of flux. As of 
1st February 2020, the UK left the EU, becoming a separate Coastal State, and entered into a 
transition period in which fisheries management was maintained through the CFP. From 1st 
January 2021, this was no longer the case, with the UK taking responsibility for fisheries 
management within its EEZ. Negotiations on future fisheries management within the 
ASCOBANS area are currently ongoing. 

As part of the CFP, various measures are used to ensure that fish resources are exploited 
sustainably, the most important of which are the EU multiannual management plans1. Each 
plan covers a particular basin or sea area (e.g. North Sea, Western waters). These plans set 
goals for fish stock management and may include specific conservation rules, such as reducing 
the bycatch of non-target species, with the aim of increasing stability and long-term 
predictability for fishers.  

The multiannual plans are used to determine the annual TAC to ensure that fish stocks are not 
overexploited and can achieve MSY. Management plans are complemented by simplified 
technical measures, which provide a better regional context for fisheries management. These 
technical measures cover both the conservation of fishery resources and the protection of 
marine ecosystems, and provide a broad set of rules which govern how, where, and when 
fishers may fish. They are established for all European sea basins, but they differ considerably 
from one basin to another, in accordance with the regional conditions. These measures may 
include: 

• minimum landing sizes and minimum conservation sizes 

 
1 https://ec.europa.eu/fisheries/cfp/fishing_rules/multi_annual_plans_en; 
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• specifications for design and use of gears 
• minimum mesh sizes for nets 
• requirement of selective gears to reduce unwanted catches; 
• limitations on by-catches (catches of unwanted or non-target species including 

protected species such as cetaceans) 
• limitations on discarding of unwanted catches (e.g. the Landing Obligation) 
• measures to minimise the impact of fishing on the marine ecosystem and environment. 

Technical measures in fisheries can also include area closures (temporary or permanent) 
designated in order to protect commercial species. Such closures can have conservation 
benefits. These area-based measures may restrict certain types of gear or protect a particular 
commercial species. For example, in Scotland, the Rosemary Bank closure area prevents 
fishing for blue ling during the spawning season and the East Coast Scotland closed area bans 
sandeel fishing year-round. Fisheries closure areas may also be designated to protect 
vulnerable habitats, e.g. the West Rockall Mound closure area prohibits vessels from bottom 
trawling and fishing with static gear, including bottom set gillnets and longlines, for the 
protection of vulnerable deep-sea habitats.  

In addition to the permanently closed areas as described above, Real Time Closures (RTCs2) 
can also be implemented. RTCs specify closure of defined areas to fisheries for a limited period 
defined which are closed to fishing for a limited period, triggered by information gained in "real 
time", often in cooperation with the fishing industry (e.g. through on-board sampling of catch 
composition, Vessel Monitoring System (VMS) data, analysis of catch rates and declarations 
by skippers). RTC schemes are designed to achieve specific objectives, such as a reduction 
in bycatch, discards or fishing mortality of targeted species. Compliance with RTCs can be 
monitored through VMS data, and transgressions dealt with through administrative penalties 
(e.g. the deduction of 5 days effort from the vessel’s entitlement). Within the ASCOBANS Area, 
examples include the RTC for Northern prawn fisheries in the Skagerrak (EU Regulation 
2019/2201) and the RTC agreed between Norway and the EU for certain fisheries in the North 
Sea and Skagerrak covering juvenile cod, haddock, saithe and whiting3. 
As a result, closed areas can contribute to a reduction in prey depletion in certain locations. 
Notably though, such fisheries closure areas are different from Marine Protected Areas (MPAs) 
designated for conservation purposes (e.g. Special Areas of Conservation (SACs) designated 
to protect harbour porpoise and bottlenose dolphin). However, on the basis of scientific advice, 
if the conservation status of the protected feature within an MPA could be improved through 
fisheries measures, there is the expectation that such management will be introduced. To date, 
no MPAs have introduced fisheries measures specifically to reduce prey depletion for small 
cetaceans. 

Temporal closures may focus on reducing the degree of spatial or temporal overlap between 
fisheries and occurrence of the relevant fish species, thus minimising fishing pressure on them 
at certain periods of the year. Closures can produce simple and enforceable regulations. 
However, interannual variation in the occurrence of, for example, depleted fish species in 
specific areas may cause a mismatch, making the closure ineffective, especially when closed 
areas are very small. This mitigation measure is mostly considered as a way to reduce bycatch 
of non-targeted species such as marine mammals, e.g. small cetaceans.  

Real-time closures for fisheries can be targeted areas of high abundance, areas where 
juveniles comprise a higher than average proportion of the catch, or areas where catch 
composition is likely to result in high levels of discards. Compared to Closed Areas, RTCs 

 
2 https://op.europa.eu/pl/publication-detail/-/publication/d3ca3b56-ea99-11e5-a2a7-01aa75ed71a1  
3 https://www.pelagic-ac.org/media/pdf/2019%20EU%20Norway%20Agreed%20Records.pdf 

https://op.europa.eu/pl/publication-detail/-/publication/d3ca3b56-ea99-11e5-a2a7-01aa75ed71a1
https://www.pelagic-ac.org/media/pdf/2019%20EU%20Norway%20Agreed%20Records.pdf
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enjoy greater confidence from the fishing industry as they are seen to be more responsive to 
conditions “on the ground”; however, their effectiveness is difficult to measure4.  

No-take marine reserves or zones (NTZs) are a very particular type of conservation MPA, 
where no extractive activities are allowed. Very few have been designated and those that do 
exist are very small (e.g. Lamlash Bay, Scotland, and Lundy Island, England). NTZs have been 
recommended as a general tool for an ecosystem approach to fisheries management, 
including to support the achievement of environmental objectives (Halpern 2003, Halpern et al 
2010, Fenberg et al 2012, Stewart et al 2020). NTZs are expected to result in a more balanced 
size structure of the fish community and higher prevalence of larger individuals and larger 
species, and enable exploited populations to recover. The effects within the areas can usually 
be seen within a few years, showing that the response is fast. NTZs may also have spill-over 
effects, exporting adult fish, pelagic eggs and larvae to adjacent areas and systems (Abesamis 
and Russ 2005, Halpern et al 2010), as well as positive effects on other parts of the food-web 
besides the targeted fish populations (Thrush & Dayton 2010, Baskett & Barnett 2015), e.g. 
increase prey resource for small cetaceans. However, these subsequent effects might be 
slower to take effect and they depend on a long-term and sufficiently scaled protection (e.g. 
Gårdmark et al 2006). Closures can produce simple and enforceable regulations. However, 
the beneficial outcomes of MPAs for conservation purposes and fisheries closure areas are 
considered to be strongly influenced by their objectives (Rice et al 2012). In order to ensure 
that fisheries management measures are properly implemented, relevant monitoring and 
assessment of fish stocks is needed, as well as effective control of fishing activity. 

In principle, the EU is moving towards “Ecosystem-Based Fishery Management” (EBFM), i.e. 
a holistic management approach that recognizes all the interactions within an ecosystem rather 
than considering a single species or issue in isolation. EBFM aims to account for effects of 
fishing on non-target stocks and ecosystem health, as well as its social and economic 
consequences. In principle, adverse effects of prey depletion on protected top predators such 
as cetaceans should be avoided under EBFM, provided of course that an effective means can 
be found to implement the management approach. It should be noted that the UK has left the 
EU and the consequences for fisheries remain to be determined. 

As a final note, despite the stated objective of moving towards EBFM, it remains the case that 
fish stock assessment and fisheries management are largely focused on fish abundance. 
However, size and condition are key determinants of both survival and reproductive success 
in fish populations - and prey depletion experienced by cetaceans can result from declines in 
fish quality as well as declines in abundance. 

  

 
4 https://op.europa.eu/pl/publication-detail/-/publication/d3ca3b56-ea99-11e5-a2a7-01aa75ed71a1  

https://op.europa.eu/pl/publication-detail/-/publication/d3ca3b56-ea99-11e5-a2a7-01aa75ed71a1


ASCOBANS/AC27/Doc.2.2 

 
31 

References 

Abaunza, P., Gordo, L., Karlou-Riga, C., Murta, A., Eltink, A.T.G.W., García Santamaría, M. 
T., Zimmermann, C., Hammer, C., Lucio, P., Iversen, S. A., Molloy, J. & Gallo, E. (2003). 
Growth and reproduction of horse mackerel, Trachurus trachurus (Carangidae). Reviews in 
Fish Biology and Fisheries, 13 (1), 27-61. 

Abesamis, R.A. & Russ, G.R. (2005): Density‐dependent spillover from a marine reserve: long‐
term evidence, Ecological Applications, 15 (5), 1798-1812. 
Abend, A.G. & Smith, T.D. (1995). Differences in ratios of stable isotopes of nitrogen in long-
finned pilot whales (Globicephala melas) in the western and eastern North Atlantic. ICES 
Journal of Marine Science, 52 (5), 837-841. 
Aguilar, A. & Borrell, A., 1994. Abnormally high polychlorinated biphenyl levels in striped 
dolphins (Stenella coeruleoalba) affected by the 1990–1992 Mediterranean epizootic. Science 
of The Total Environment, 154 (2–3), 237-247. 
Aguilar, A., Borrell, A. & Pastor, T. (1999). Biological factors affecting variability of persistent 
pollutant levels in cetaceans. Journal of Cetacean Research & Management, 1, 83-116. 
Alheit, J., Pohlmann, T., Casini, M., Greve, W., Hinrichs, R., Mathis, M., O’Driscoll, K., Vorberg, 
R. & Wagner, C. (2012). Climate variability drives anchovies and sardines into North Sea and 
Baltic Sea. Progress in Oceanography, 96, 128-139. 
https://doi.org/10.1016/j.pocean.2011.11.015  
Alheit, J., Voss, R., Mohrholz, V. & Hinrichs, R. (2007). Climate drives anchovies and sardines 
into North Sea. GLOBEC International Newletter, 13, 77-78. 
Andreasen, H., Ross, S.D., Siebert, U., Andersen, N.G., Ronnenberg, K. & Gilles, A. (2017). 
Diet composition and food consumption rate of harbor porpoises (Phocoena phocoena) in the 
western Baltic Sea. Marine Mammal Science, 33 (4), 1053-1079. 
Apprill, A., Miller, C. A., Moore, M. J., Durban, J. W., Fearnbach, H. & Barrett-Lennard, L. G. 
(2017). Extensive Core Microbiome in Drone-Captured Whale Blow Supports a Framework for 
Health Monitoring. mSystems 2. 
Azzellino, A., Gaspari, S., Airoldi, S. & Nani, B. (2008). Habitat use and preferences of 
cetaceans along the continental slope and the adjacent pelagic waters in the western Ligurian 
Sea. Deep Sea Research Part I: Oceanographic Research Papers, 55 (3), 296-323. 
Bailey, H. & Thompson, P. (2010) Effect of oceanographic features on fine-scale foraging 
movements of bottlenose dolphins. Marine Ecology Progress Series, 418, 223–233. 
Baird, R.W., Borsani, J.F., Hanson, M.B. & Tyack, P.L. (2002). Diving and night-time behavior 
of long-finned pilot whales in the Ligurian Sea. Marine Ecology Progress Series, 237, 301-305. 
Baker, J.R., Jepson, P.D., Simpson, V.R. & Kuiken, T. (1998) Causes of mortality and non-
fatal conditions among grey seals (Halichoerus grypus) found dead on the coasts of England, 
Wales and the Isle of Man. Veterinary Record, 142, 595-601. 
Barros, N.B., Parsons, E.C.M. & Jefferson, T.A. (2000). Prey of offshore bottlenose dolphins 
from the South China Sea. Aquatic Mammals, 26 (1), 2-6. 
Baskett M.L. & Barnett L.A.K. 2015: Marine reserves can enhance ecological resilience 
Ecology Letters, 18 (12), 1301-1310. 
Beare, D., Burns, F., Greig, A., Jones, E. G., Peach, K., Kienzle, M.,McKenzie, E. & Reid, D.G. 
(2004). Long‐term increases in prevalence of North Sea fishes having southern biogeographic 
affinities. Marine Ecology Progress Series, 284, 269–278. https://doi.org/10.3354/meps284269  
Bearzi, G., Politi, E., Agazzi, S. & Azzellino, A. (2006). Prey depletion caused by overfishing 
and the decline of marine megafauna in eastern Ionian Sea coastal waters (central 
Mediterranean). Biological Conservation, 127 (4), 373-382. 
https://doi.org/10.1016/j.biocon.2005.08.017. 

https://doi.org/10.1016/j.pocean.2011.11.015
https://doi.org/10.3354/meps284269
https://doi.org/10.1016/j.biocon.2005.08.017


ASCOBANS/AC27/Doc.2.2 

 
32 

Bearzi, G., Reeves, R. R., Remonato, E., Pierantonio, N. & Airoldi, S. (2011). Risso’s dolphin 
Grampus griseus in the Mediterranean Sea. Mammalian Biology, 76, 385–400. 

Beatson, E.L. & O'Shea, S. (2009). Stomach contents of long‐finned pilot whales, Globicephala 
melas, mass‐stranded on Farewell Spit, Golden Bay in 2005 and 2008. New Zealand Journal 
of Zoology, 36(1), 47-58. 
Beatson, E.L., O'Shea, S., Stone, C. & Shortland, T. (2007). Notes on New Zealand mammals 
6. Second report on the stomach contents of long‐finned pilot whales, Globicephala melas. 
New Zealand Journal of Zoology, 34, 359–362. 
Benjaminsen, T. & Christensen, I. (1979). The natural history of the bottlenose whale, 
Hyperoodon ampullatus (Forster). In Behavior of marine animals (pp. 143-164). Springer, 
Boston, MA. 
Benoit-Bird, K.J.  & Au, W.W.L. (2009). Cooperative prey herding by the pelagic dolphin, 
Stenella longirostris. The Journal of the Acoustical Society of America, 125, 125–137. 
Blanco, C., Raduan, M. & Raga, J.A. (2006). Diet of Risso's dolphin (Grampus griseus) in the 
western Mediterranean Sea. Scientia Marina, 70 (3), 407-411. 
http://dx.doi.org/10.3989/scimar.2006.70n3407. 
Bloch, D., Desportes, G., Harvey, P., Lockyer, C. & Mikkelsen, B. (2012). Life history of Risso’s 
Dolphin (Grampus griseus) (G. Cuvier, 1812) in the Faroe Islands. Aquatic Mammals, 38 (3), 
250-266. doi 10.1578/AM.38.3.2012.250 

Bloch, D., Desportes, G., Zachariassen, M. & Christensen, I. (1996). The northern bottlenose 
whale in the Faroe Islands, 1584–1993. Journal of Zoology, 239, 123−140. 
https://doi.org/10.1111/j.1469-7998.1996.tb05441.x 

Bloch, D., Heide-Jørgensen, M.P., Stefansson, E., Mikkelsen, B., Ofstad, L.H., Dietz, R. & 
Andersen, L.W. (2003). Short-term movements of long-finned pilot whales Globicephala melas 
around the Faroe Islands. Wildlife Biology, 9 (4), 47-58. 
Bolt, H.E., Harvey, P.V., Mandleberg, L. & Foote, A.D. (2009). Occurrence of killer whales in 
Scottish inshore waters: temporal and spatial patterns relative to the distribution of declining 
harbour seal populations. Aquatic Conservation: Marine and Freshwater Ecosystems, 19, 671-
675. 
Booth, C.G. (2020). Food for thought: Harbor porpoise foraging behavior and diet inform 
vulnerability to disturbance. Marine Mammal Science, 36, 195-208. 
https://doi.org/10.1111/mms.12632. 
Booth, C.G., Brannan, N., Dunlop, R., Friedlander, A., Isojunno, S., Miller, P., Quick, N., 
Southall, B. & Pirotta, E. (2022). A sampling, exposure and receptor framework for identifying 
factors that modulate behavioural responses to disturbance in cetaceans. Journal of Animal 
Ecology. https://doi.org/10.1111/1365-2656.13787. 
Borges. L. & Evans, P.G.H. (1997). Spatial Distribution of the Harbour Porpoise and Fish Prey 
and their Associations in Southeast Shetland. N. Scotland. European Research on Cetaceans, 
10, 262-265. 
Börjesson, P., Berggren, P. & Ganning, B. (2003). Diet of harbor porpoises in the Kattegat and 
Skagerrak seas: accounting for individual variation and sample size. Marine Mammal Science, 
19 (1), 38-058. 
Bowser, A.K., Diamond, A. W. & Addison, J. A. (2013). From puffins to plankton: a DNA-based 
analysis of a seabird food chain in the northern Gulf of Maine. PLoS One, 8 (12). 
Brandt, M.J., Diederichs, A., Betke, K. & Nehls, G. (2011). Responses of harbour porpoises to 
pile driving at the Horns Rev II offshore wind farm in the Danish North Seas. Marine Ecology 
Progress Series, 421, 205–216. 
Brandt, M.J., Dragon, A.-C., Diederichs, A., Bellmann, M.A., Wahl, V., Piper, W., Nabe-Nielsen, 
J. & Nehls, G. (2018). Disturbance of harbour porpoises during construction of the first seven 
offshore wind farms in Germany. Marine Ecology Progress Series, 596, 213–232. 

http://dx.doi.org/10.3989/scimar.2006.70n3407
https://doi.org/10.1111/j.1469-7998.1996.tb05441.x
https://doi.org/10.1111/mms.12632
https://doi.org/10.1111/1365-2656.13787


ASCOBANS/AC27/Doc.2.2 

 
33 

Brodie, P.F. (1996). The Bay of Fundy/Gulf of Maine harbour porpoise (Phocoena phocoena): 
some considerations regarding species interactions, energetics, density dependence and 
bycatch. Oceanographic Literature Review, 10 (43), 1041. 
Bromaghin, J.F., Budge, S.M., Thiemann, G.W. & Rode, K.D. (2017). Simultaneous estimation 
of diet composition and calibration coefficients with fatty acid signature data. Ecology and 
Evolution, 7 (16), 6103-6113. 
Brophy, J., Murphy, S. & Rogan, E. (2009). The diet and feeding ecology of the common 
dolphin (Delphinus delphis) in the northeast Atlantic. IWC Scientific Committee Document 
SC/61/SM14. International Whaling Commission, Cambridge, UK. 
Brown, E. (1999). Diet of the harbour porpoise Phocoena phocoena in Irish waters. University 
College Cork. 
Bustamante, P., Caurant, F., Fowler, S. W. & Miramand, P. (1998). Cephalopods as a vector 
for the transfer of cadmium to top marine predators in the north-east Atlantic Ocean. Science 
of the Total Environment, 220 (1), 71-80. 
Bustamante, P., Cosson, R.P., Gallien, I., Caurant, F. & Miramand, P. (2002). Cadmium 
detoxification processes in the digestive gland of cephalopods in relation to accumulated 
cadmium concentrations. Marine Environmental Research, 53 (3), 227-241. 
Cabral, H. N. & Murta, A. G. (2002). The diet of blue whiting, hake, horse mackerel and 
mackerel off Portugal. Journal of Applied Ichthyology, 18 (1), 14-23. 
Caesar, L., Rahmstorf, S., Robinson, A., Feulner, G. & Saba, V. (2018). Observed fingerprint 
of a weakening Atlantic Ocean overturning circulation. Nature, 556, 191–196. 
https://doi.org/10.1038/s41586‐018‐0006‐5  
Camphuysen, C.J. & Peet, G. (2006). Whales and dolphins of the North Sea. Fontaine 
Uitgevers, Kortenhoef. 160 pp. 
Canning, S.J., Santos, M.B., Reid, R.J., Evans, P.G.H., Sabin, R.C., Bailey, N. & Pierce, G.J. 
(2008). Seasonal distribution of white-beaked dolphins (Lagenorhynchus albirostris) in UK 
waters with new information on diet and habitat use. Journal of the Marine Biological 
Association of the United Kingdom, 88(6), 1159-1166. 
Carrera, P. & Porteiro, C. (2003). Stock dynamic of the Iberian sardine (Sardina pilchardus, 
W.) and its implication on the fishery off Galicia (NW Spain). Scientia Marina, 67 (S1), 245-
258. 
Christiansen, F., Víkingsson, G.A., Rasmussen, M.H. & Lusseau, D. 2014. Female body 
condition affects foetal growth in a capital breeding mysticete. Functional Ecology, 28, 579–
588. 
Clarke, M.R. (1996). Cephalopods as prey. III. Cetaceans. Philosophical Transactions of the 
Royal Society of London. Series B: Biological Sciences, 351 (1343), 1053-1065. 
Cherel, Y. (2020). A review of Southern Ocean squids using nets and beaks. Marine 
Biodiversity, 50, 98. https://doi.org/10.1007/s12526-020-01113-4  
Couperus, A.S. (1993). Killer whales and pilot whales near trawlers east of Shetland. Sula, 7, 
41-52. 
Couperus, A.S. (1994). Killer whales (Orcinus orca) scavenging on discards of freezer trawlers 
north-east of the Shetland islands. Aquatic Mammals, 20, 47-51.  
Crawley, D., Coomber, F., Kubasiewicz, L., Harrower, C., Evans, P., Waggitt, J., Smith, B. & 
Mathews, F. (2020). Atlas of the Mammals of Great Britain and Northern Ireland. Published for 
The Mammal Society by Pelagic Publishing, Exeter. 205 pp. 
Culik, B. M. (2004). Review of small cetaceans. UNEP/CMS Secretariat, Bonn. 
Dähne, M., Gilles, A., Lucke, K., Peschko, V., Adler, S., Krugel, K., Sundermeyer, J & Siebert, 
U. (2013). Effects of pile-driving on harbour porpoises (Phocoena phocoena) at the first 
offshore wind farm in Germany. Environmental Research Letters, 8 (2), 025002. 

https://doi.org/10.1038/s41586%E2%80%90018%E2%80%900006%E2%80%905
https://doi.org/10.1007/s12526-020-01113-4


ASCOBANS/AC27/Doc.2.2 

 
34 

Dalsgaard, J. J., M. S., Kattner, G., Müller-Navarra, D. & Hagen, W. (2003). Fatty acid trophic 
markers in the pelagic marine environment. Advances in Marine Biology, 46, 225-340. 
Danovaro, R., Carugati, L., Berzano, M., Cahill, A. E., Carvalho, S., Chenuil, A., Corinaldesi, 
C., Cristina, S, David, R., Dell’Anno, A., Dzhembekova, N., Garcés, E., Gasol, J.M., Goela, P., 
Féral, J.-P., Ferrera, I., Forster, R.M., Kurekin, A.A., Rastelli, E., Marinova, V., Miller, P.I., 
Moncheva, S., Newton, A., Pearman, J.K., Pitois, S.G., Reñé, A,. Rodríguez-Ezpeleta, N., 
Saggiomo, V., Simis, S.G.H., Stefanova, K., Wilson, C., Lo Martire, M., Greco, S., Cochrane, 
S.K.J., Mangoni, O. & Borja, A. (2016). Implementing and Innovating Marine Monitoring 
Approaches for Assessing Marine Environmental Status. Frontiers in Marine Science, 3. 
DeMaster, D.P., Fowler, C.W., Perry, S.L., Richlen, M.F. (2001). Predation and competition: 
the impact of fisheries on marine-mammal populations over the next one hundred years. 
Journal of Mammalogy, 82 (3), 641-651. 
De Pierrepont, J., Dubois, B., Desormonts, S., Santos, M. & Robin, J. (2005). Stomach 
contents of English Channel cetaceans stranded on the coast of Normandy. Journal of the 
Marine Biological Association of the United Kingdom, 85 (6), 1539-1546. 
doi:10.1017/S0025315405012762. 
De Stephanis, R., Cornulier, T., Verborgh, P., Sierra, J. S., Gimeno, N. P. & Guinet, C. (2008). 
Summer spatial distribution of cetaceans in the Strait of Gibraltar in relation to the 
oceanographic context. Marine Ecology Progress Series, 353, 275-288. 
Desportes, G. (1985). La nutrition des odontocetes en Atlantique Nord-Est. Ph.D thesis, 
University of Poitiers, Poitiers. 
Doray, M., Petitgas, P., Romagnan, J.B., Huret, M., Duhamel, E., Dupuy, C., Spitz, J., Authier, 
M., Sanchez, F. & Berger, L. (2018). The PELGAS survey: ship-based integrated monitoring 
of the Bay of Biscay pelagic ecosystem. Progress in Oceanography, 166, 15–29. 
Dos Santos, R.A. & Haimovici, M. (2001). Cephalopods in the diet of marine mammals 
stranded or incidentally caught along southeastern and southern Brazil (21–34 S). Fisheries 
Research, 52 (1-2), 99-112. 
Dunshea, G., Barros, N.B., Berens McCabe, E.J., Gales, N.J., Hindell, M.A., Jarman, S.N & 
Wells, R.S (2013). Stranded dolphin stomach contents represent the free-ranging population's 
diet. Biology Letters, 9 (3), 20121036.  https://doi.org/10.1098/rsbl.2012.1036. 
Dyndo, M., Wisniewska, D.M., Rojano-Doñate, L. & Madsen, P.T. (2015). Harbour porpoises 
react to low levels of high frequency vessel noise. Scientific Reports, 5, 11083. 
Evans, P.G.H. (1987). Natural History of Whales and Dolphins. Christopher Helm, London. 
Evans, P.G.H. (1990). European cetaceans and seabirds in an oceanographic context. Lutra, 
33, 95-125. 
Evans, P.G.H. (2017). Habitat pressures. Pp. 441-446. In: Encyclopedia of Marine Mammals 
(Editors B. Würsig, J.G.M. Thewissen and K.M. Kovacs). 3rd Edition. Academic Press, San 
Diego. 1, 157 pp.   
Evans, P.G.H. (2020). European Whales, Dolphins and Porpoises. Academic Press, London 
& San Diego. 306 pp. 
Evans, P. G. H., Anderwald, P., & Baines, M. E. (2003). UK cetacean status review. Report 
to English Nature and Countryside Council for Wales. Oxford, UK: Sea Watch Foundation. 
Evans, P. G. H. & Bjørge, A. (2013). Impacts of climate change on marine mammals. Marine 
Climate Change Impacts Partnership (MCCIP) Science Review 2013: 134–148. 
doi:10.14465/2013.arc15.134‐148  
Evans, P.G.H. & Borges, L. (1995). Associations between Porpoises, Seabirds and Their Prey 
in South-East Shetland, N. Scotland. European Research on Cetaceans, 9, 173-178. 

https://doi.org/10.1098/rsbl.2012.1036


ASCOBANS/AC27/Doc.2.2 

 
35 

Evans, P.G.H., Carrington, C.A. & Waggitt, J.J. (2021). Risk Mapping of bycatch of protected 
species in fishing activities. Sea Watch Foundation & Bangor University, UK. European 
Commission Contract No. 09029901/2021/844548/ENV.D.3.  
Evans, P.G.H., & Scanlan, G.M. (1989). Historical review of cetaceans in British and Irish 
waters. Oxford, UK: UK Cetacean Group, c/o Zoology Department, University of Oxford. 
Evans, P.G.H. & Waggitt, J.J. (2020). Impacts of climate change on Marine Mammals, relevant 
to the coastal and marine environment around the UK. Marine Climate Change Impacts 
Partnership (MCCIP) Annual Report Card 2019 Scientific Review, 1-33. 
Evans, P.G.H., Weir, C.R. & Nice, H.E. (1997). Temporal and spatial distribution of harbour 
porpoises in Shetland waters, 1990-95. European Research on Cetaceans, 10, 233-237. 
Felleman, F.L., Heimlich-Boran, J.R.  & Osborne, R.W. (1991). The feeding ecology of killer 
whales (Orcinus orca) in the Pacific Northwest. Pages 113-147 in K. Pryor and K.S. Norris 
(editors). Dolphin societies: discoveries and puzzles. University of California Press, Berkeley, 
California.  
Fernández, R., García-Tiscar, S., Santos, M.B., López, A., Martínez-Cedeira, J.A., Newton, J. 
& Pierce, G.J. (2011a). Stable isotope analysis in two sympatric populations of bottlenose 
dolphins Tursiops truncatus: evidence of resource partitioning? Marine Biology, 158 (5), 1043-
1055. 
Fernández, R., Pierce, G.J., MacLeod, C.D., Brownlow, A., Reid, R. J., Rogan, E., Addink, M., 
Deaville, R., Jepson, P.D. & Santos, M.B. (2014). Strandings of northern bottlenose whales, 
Hyperoodon ampullatus, in the north-east Atlantic: seasonality and diet. Journal of the Marine 
Biological Association of the United Kingdom, 94 (6), 1109–1116. 
https://doi.org/10.1017/S002531541300180X 
Fernández, R., Santos, M.B., Carrillo, M., Tejedor, M. & Pierce, G.J. (2009). Stomach contents 
of cetaceans stranded in the Canary Islands 1996–2006. Journal of the Marine Biological 
Association of the United Kingdom, 89 (5), 873-883. 
Fernández, R., Santos, M.B., Pierce, G.J., Llavona, A., López, A., Silva, M. A., Ferreira, M., 
Carrillo, M., Cermeño, P., Lens, S. & Piertney, S.B. (2011b). Fine-scale genetic structure of 
bottlenose dolphins, Tursiops truncatus, in Atlantic coastal waters of the Iberian Peninsula. 
Hydrobiologia, 670 (1), 111. 
Fenberg P.B., Caselle J., Claudet J., Clemence M., Gaines S., García-Charton J.A., Gonçalves 
E., Grorud-Colvert K., Guidetti P., Jenkins S., Jones P.J.S., Lester S., McAllen R., Moland E., 
Planes S. & Sørensen T.K. (2012). The science of European marine reserves: status, efficacy 
and needs. Marine Policy, 36 (5), 1012-1021. 
Fontaine, P.M., Hammill, M.O., Barrette, C. & Kingsley, M.C. (1994). Summer diet of the 
harbour porpoise (Phocoena phocoena) in the estuary and the northern Gulf of St. Lawrence. 
Canadian Journal of Fisheries and Aquatic Sciences, 51(1), 172-178. 
Foote, A.D., Vester, H., Vikingsson, G.A. & Newton, J. (2012). Dietary variation within and 
between populations of northeast Atlantic killer whales, Orcinus orca, inferred from δ13C and 
δ15N analyses. Marine Mammal Science, 28 (4), E472-E485. 
Fullard, K J., Early, G., Heide-Jørgensen, M. P., Bloch, D., Rosing-Asvid, A. & Amos, W. 
(2000). Population structure of long‐finned pilot whales in the North Atlantic: a correlation with 
sea surface temperature? Molecular Ecology, 9 (7), 949-958. 
Gannon, D.P., Read, A.J., Craddock, J.E., Fristrup, K.M. & Nicolas, J.R. (1997). Feeding 
ecology of long-finned pilot whales Globicephala melas in the western North Atlantic. Marine 
Ecology Progress Series, 148, 1-10. 

Gårdmark, A., Jonzén N. & Mangel M. (2006). Density‐dependent body growth reduces the 
potential of marine reserves to enhance yields. Journal of Applied Ecology, 43(1), 61-69. 
Garrido, S. & Murta, A.G. (2011). Interdecadal and spatial variations of diet composition in 
horse mackerel Trachurus trachurus. Journal of Fish Biology, 79 (7), 2034-2042. 

https://doi.org/10.1017/S002531541300180X
https://besjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=JONZ%C3%89N%2C+NICLAS
https://besjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=MANGEL%2C+MARC


ASCOBANS/AC27/Doc.2.2 

 
36 

Garrido, S., Silva, A., Pastor, J., Dominguez, R., Silva, A.V. & Santos, A.M. (2015). Trophic 
ecology of pelagic fish species off the Iberian coast: diet overlap, cannibalism and intraguild 
predation. Marine Ecology Progress Series, 539, 271-285. 
Gerlotto, F., Soria, M. & Fréon, P. (1999). From two dimensions to three: the use of multibeam 
sonar for a new approach in fisheries acoustics. Canadian Journal of Fisheries and Aquatic 
Sciences, 56, 6–12. 
Gilles, A., Viquerat, S., Becker, E.A., Forney, K.A., Geelhoed, S.C.V., Haelters, J., Nabe-
Nielsen, J., Scheidat, M., Siebert, U., Sveegaard, S., van Beest, F.M., van Bemmelen, R. & 
Aarts, G. (2016). Seasonal habitat-based density models for a marine top predator, the harbor 
porpoise, in a dynamic environment. Ecosphere, 7, e01367. https://doi.org/10.1002/ecs2.1367 
Glaser, S.M., Waechter, K.E. & Bransome, N.C. (2015). Through the stomach of a predator: 
regional patterns of forage in the diet of albacore tuna in the California Current System and 
metrics needed for ecosystem-based management. Journal of Marine Systems, 146, 38-49. 
Goetz, S., Read, F.L., Ferreira, M., Portela, J.M., Santos, M.B., Vingada, J., Siebert, U., 
Marçalo, A., Santos, J., Araújo, H., Monteiro, S., Caldas, M., Riera, M. & Pierce G.J. (2015). 
Cetacean occurrence, habitat preferences and potential for cetacean–fishery interactions in 
Iberian Atlantic waters: results from cooperative research involving local stakeholders. Aquatic 
Conservation: Marine and Freshwater Ecosystems, 25(1), 138-154. 
González, A.F., López, A., Guerra, A. & Barreiro, A. (1994). Diets of marine mammals stranded 
on the northwestern Spanish Atlantic coast with special reference to Cephalopoda. Fisheries 
Research, 21 (1-2), 179-191. 
Groot, S. J. de (1996). The physical impact of marine aggregate extraction in the North Sea. 
ICES Journal of Marine Science, 53, 1051–1053. 
Guse, N., Garthe, S. & Schirmeister, B. (2009). Diet of red-throated divers Gavia stellata 
reflects the seasonal availability of Atlantic herring Clupea harengus in the southwestern Baltic 
Sea. Journal of Sea Research, 62 (4), 268-275. 
Haelters, J., Dulière, V., Vigin, L. & Degraer, S. (2015). Towards a numerical model to simulate 
the observed displacement of harbour porpoises Phocoena phocoena due to pile driving in 
Belgian waters. Hydrobiologia, 756 (1), 105–116. 
Halpern, B.S. (2003). The impact of marine reserves: do reserves work and does reserve size 
matter? Ecological Applications 13 (1), 117-137. 
Halpern, B.S., Lester, S.E. & McLeod, K.L. (2010). Placing marine protected areas onto the 
ecosystem-based management seascape. PNAS, 107 (43), 18312-18317. 
Hamanaka, T., Itoo, T. & Mishima, S. (1982). Age-related change and distribution of cadmium 
and zinc concentrations in the Steller sea lion (Eumetopias jubata) from the coast of Hokkaido, 
Japan. Marine Pollution Bulletin, 13 (2), 57-61. 
Hammond, P.S., Berggren, P., Benke, H., Borchers, D.L., Collet, A., Heide-Jørgensen, M.P., 
Heimlich, S., Hiby, A.R., Leopold, M.F. & Øien, N. (2002). Abundance of harbour porpoise and 
other cetaceans in the North Sea and adjacent waters. Journal of Applied Ecology, 39 (2), 361-
376. 
Hammond, P.S., Lacey, C., Gilles, A., Viquerat, S., Borjesson, P., Herr, H., Macleod, K., 
Ridoux, V., Santos, M.B., Scheidat, M., Teilmann, J., Vingada, J. & Øien, N. (2021). Estimates 
of cetacean abundance in European Atlantic waters in summer 2016 from the SCANS-III aerial 
and shipboard surveys. June 2021. Sea Mammal Research Unit, University of St Andrews. 
Available at: https://scans3.wp.st-andrews.ac.uk/files/2021/06/SCANS-III_design-
based_estimates_final_report_revised_June_2021.pdf   
Hammond, P.S., Macleod, K., Berggren, P., Borchers, D.L., Burt, L., Cañadas, A., Desportes, 
G., Donovan, G.P., Gilles, A., Gillespie, D., Gordon, J., Hiby, L., Kuklik, I., Leaper, R., Lehnert, 
K., Leopold, M., Lovell, P., Øien, N., Paxton, C.G.M., Ridoux, V., Rogan, E., Samarra, F., 
Scheidat, M., Sequeira, M., Siebert, U., Skov, H., Swift, R., Tasker, M.L., Teilmann, J., Van 
Canneyt, O. & Vázquez, J.A. (2013). Cetacean abundance and distribution in European 

https://doi.org/10.1002/ecs2.1367
https://scans3.wp.st-andrews.ac.uk/files/2021/06/SCANS-III_design-based_estimates_final_report_revised_June_2021.pdf
https://scans3.wp.st-andrews.ac.uk/files/2021/06/SCANS-III_design-based_estimates_final_report_revised_June_2021.pdf


ASCOBANS/AC27/Doc.2.2 

 
37 

Atlantic shelf waters to inform conservation and management. Biological Conservation, 164, 
107-122. 
Happel, A., Stratton, L., Kolb, C., Hays, C., Rinchard, J. & Czesny, S. (2016). Evaluating 
quantitative fatty acid signature analysis (QFASA) in fish using controlled feeding experiments. 
Canadian Journal of Fisheries and Aquatic Sciences, 73 (8), 1222-1229. 
Hayden, B., Harrod, C. & Kahilainen, K.K. (2014). Dual fuels: Intra‐annual variation in the 
relative importance of benthic and pelagic resources to maintenance, growth and reproduction 
in a generalist salmonid fish. Journal of Animal Ecology, 83 (6), 1501-1512. 
Heide-Jørgensen, M.P., Bloch, D., Stefansson, E., Mikkelsen, B., Ofstad, L.H. & Dietz, R. 
(2002). Diving behaviour of long-finned pilot whales Globicephala melas around the Faroe 
Islands. Wildlife Biology, 8 (1), 307-313. 
Heide-Jørgensen, M.P., Iversen, M., Nielsen, N.H., Lockyer, C., Stern, H. & Ribergaard, M.H. 
(2011). Harbour porpoises respond to climate change. Ecology and Evolution, 1 (4), 579-585. 
Hernandez-Milian, G., Santos, M.B., Reid, D. & Rogan, E. (2015). Insights into the diet of 
Atlantic white-sided dolphins (Lagenorhynchus acutus) in the Northeast Atlantic. Marine. 
Mammal Science, 32 (2), 735-742. doi: 10.1111/mms.12272 

Heyning, J.E. & Mead, J.G. (1996). Suction feeding in beaked whales: morphological and 
observational evidence. Natural History Museum of Los Angeles County, Contributions in 
Science, 464, 12. 
Hislop, J.R.G., Harris, M.P. & Smith, J.G.M. (1991). Variation in the calorific value and total 
energy content of the lesser sandeel (Ammodytes marinus) and other fish preyed on by 
seabirds. Journal of Zoology, London, 224, 501-517. 
Hobson, K.A. & Clark, R.G. (1992). Assessing avian diets using stable isotopes I: turnover of 
13C in tissues. The Condor, 94 (1), 181-188. 
Hooker, S. K. & Baird, R.W. (1999). Deep–diving behaviour of the northern bottlenose whale, 
Hyperoodon ampullatus (Cetacea: Ziphiidae). Proceedings of the Royal Society of London. 
Series B: Biological Sciences, 266 (1420), 671-676. 
Hooker, S.K., Iverson, S.J., Ostrom, P. & Smith, S.C. (2001). Diet of northern bottlenose 
whales inferred from fatty-acid and stable-isotope analyses of biopsy samples. Canadian 
Journal of Zoology, 79 (8), 1442-1454. 
Howe, B.M., Miksis-Olds, J., Rehm, E., Sagen, H., Worcester, P.F. & Haralabus, G. (2019). 
Observing the Oceans Acoustically. Frontiers in Marine Science, 6. 
Hume, A. & Mackie, I. (1980). The use of electrophoresis of the water-soluble muscle proteins 
in the quantitative analysis of the species components of a fish mince mixture. In, Advances in 
fish science and technology, edited by J.J. Connell, Fishing News Books Ltd, Farnham, Surrey, 
pp. 451- 456.  
Iverson, S.J. (2009). Tracing aquatic food webs using fatty acids: from qualitative indicators to 
quantitative determination. Pp. 281-307. In: Lipids in Aquatic Ecosystems (editors M.T. Arts, 
M.T. Brett & M.J. Kainz). Springer, New York. 
Iverson, S.J., Field, C., Bowen, W.D. & Blanchard, W. (2004). Quantitative fatty acid signature 
analysis: a new method of estimating predator diets. Ecological Monographs, 74 (2), 211-235. 
Jansen, O.E. 2013. Fishing for Food, Feeding ecology of harbour porpoises Phocoena 
phocoena and white-beaked dolphins Lagenorhynchus albirostris in Dutch waters. PhD thesis, 
Wageningen University, the Netherlands. 
Jansen, O.E., Leopold, M.F., Meesters, E.H. & Smeenk, C. (2010). Are white-beaked dolphins 
Lagenorhynchus albirostris food specialists? Their diet in the southern North Sea. Journal of 
the Marine Biological Association of the United Kingdom, 90(8), 1501-1508. 



ASCOBANS/AC27/Doc.2.2 

 
38 

Jansen, O.E., Michel, L., Lepoint, G., Das, K., Couperus, A.S. & Reijnders, P.J.H. (2013). Diet 
of harbor porpoises along the Dutch coast: A combined stable isotope and stomach contents 
approach. Marine Mammal Science, 29, E295-E311. 
Joblon, M.J., Pokras, M.A., Morse, B., Harry, Joblon, M.J., Pokras, M.A., Morse, B., Harry C.T., 
Rose, K.S., Sharp, S.M., Niemeyer, M.E., Patchett, K.M., Sharp, W.B & Moore, M.J (2014). 
Body condition scoring system for delphinids based on short-beaked common dolphins 
(Delphinus delphis). Journal of Marine Animals and Their Ecology, 7 (2), 5-13. 
Kanaji, Y., Yoshida, H. & Okazaki, M (2017) Spatiotemporal variations in habitat utilization 
patterns of four Delphinidae species in the western North Pacific, inferred from carbon and 
nitrogen stable isotope ratios. Marine Biology, 2017, 164, 65. 
Kelly, R.P., Port, J.A., Yamahara, K.M. & Crowder, L.B. (2014). Using environmental DNA to 
census marine fishes in a large mesocosm. PloS One, 9(1). 
Kenney, R.D. (1990). Bottlenose dolphins off the Northeastern United States. In: Leatherwood, 
S., Reeves, R.R. (Eds.), The bottlenose dolphin. Academic Press, New York, pp. 369–386. 
Kenney, R.D. & Winn, H.E. (1987). Cetacean biomass densities near submarine canyons 
compared to adjacent shelf/slope areas. Continental Shelf Research, 7(2), 107-114. 
Kinze, C.C., Jensen, T., & Skov, R. (2003). Fokus på hvaler i Danmark 2000-2002. Biologiske 
Skrifter, 2: 1-47. 
Kiszka, J., Macleod, K., Van Canneyt, O., Walker, D. & Ridoux, V. (2007). Distribution, 
encounter rates, and habitat characteristics of toothed cetaceans in the Bay of Biscay and 
adjacent waters from platform-of-opportunity data. ICES Journal of Marine Science, 64 (5), 
1033-1043. 
Koopman, H.N. (1998). Topographical distribution of the blubber of harbor porpoises 
(Phocoena phocoena). Journal of Mammalogy, 79 (1), 260-270. 
Koschinski, S. (2001). Current knowledge on harbour porpoises (Phocoena phocoena) in the 
Baltic Sea. Ophelia, 55 (3), 167-197. 
Lahaye, V., Bustamante, P., Spitz, J., Dabin, W., Das, K., Pierce, G.J. & Caurant, F. (2005). 
Long-term dietary segregation of common dolphins Delphinus delphis in the Bay of Biscay, 
determined using cadmium as an ecological tracer. Marine Ecology Progress Series, 305, 275-
285. 
Laird, W.M., Mackie, I.M. & Hattula, T. (1980). Studies of the changes in the proteins of cod-
frame minces during frozen storage at -15oC. In, Advances in fish science and technology, 
edited by J.J. Connell, Fishing News Books Ltd, Farnham, Surrey, pp. 428-434.  
Lambert, C., Authier, M., Doray, M., Dorémus, G., Spitz, J. & Ridoux, V. (2019). Hide and seek 
in the Bay of Biscay - a functional investigation of marine megafauna and small pelagic fish 
interactions. ICES Journal of Marine Science, 76, 113–123. 
Laran, S., Authier, M., Blanck, A., Dorémus, G., Falchetto, H., Monestiez, P., Pettex, E., 
Stephan, E., Van Canneyt, O. & Ridoux, V. (2017). Seasonal distribution and abundance of 
cetaceans within French waters: Part II: The Bay of Biscay and the English Channel. Deep-
Sea Research II, 14, 31-40. 
Lassalle, G., Gascuel, D., Le Loc’h, F., Lobry, J., Pierce, G.J., Ridoux, V., Santos, M.B., Spitz, 
J. & Niquil, N. (2012). An ecosystem approach for the assessment of fisheries impacts on 
marine top predators: the Bay of Biscay case study. ICES Journal of Marine Science, 69, 925–
938. 
Learmonth, J.A., MacLeod, C.D., Santos, M.B., Pierce, G.J., Crick, H.Q.P & Robinson, R.A 
(2006). Potential Effects of Climate Change on Marine Mammals. Oceanography and Marine 
Biology: An Annual Review, 44, 431-464. 
Lemos, L.S., Burnett, J.D., Chandler, T.E., Sumich, J.L., & Torres, L.G. (2020). Intra- and inter-
annual variation in gray whale body condition on a foraging ground. Ecosphere, 11: e03094. 



ASCOBANS/AC27/Doc.2.2 

 
39 

Leopold, M.F. (2015). Eat and be eaten: Porpoise diet studies. Doctoral dissertation, 
Wageningen University, Wageningen,The Netherlands. 
Leopold, M., Scheidat, M., van den Heuvel-Greve, M., Jansen, O., Beerman, A., Aarts, G., 
Kottermans, M., Glorius, S. & Bierman, S. (2011). Aantallen, strandingen en voedselecologie 
van bruinvissen. IMARES rapport BO-11-007-001 
Lick, R. (1994). Nahrungsanalysen von Kleinwalen deutscher Küstengew.sser. PhD thesis, 
University of Kiel, Kiel, Germany. 
Lick, R. & Piatkowski, U. (1998). Stomach contents of a northern bottlenose whale 
(Hyperoodon ampullatus) stranded at Hiddensee, Baltic Sea. Journal of the Marine Biological 
Association of the United Kingdom, 78 (2), 643-650. 
Lockyer, C. (2007). All creatures great and smaller: a study in cetacean life history energetics. 
Journal of the Marine Biological Association of the United Kingdom, 87 (4), 1035-1045. 
Lockyer, C. & Kinze, C. (2003). Status, ecology and life history of harbour porpoise (Phocoena 
phocoena), in Danish waters. NAMMCO Scientific Publications, 5, 143-175. 
López, A., Pierce, G.J., Santos, M.B., Gracia, J. & Guerra, A. (2003). Fishery by-catches of 
marine mammals in Galician waters: results from on-board observations and an interview 
survey of fishermen. Biological Conservation, 111 (1), 25-40. 
López, A., Pierce, G.J., Valeiras, X., Santos, M.B. & Guerra, A. (2004). Distribution patterns of 
small cetaceans in Galician waters. Journal of the Marine Biological Association of the United 
Kingdom, 84 (1), 283-294. 
López, A., Santos, M.B., Pierce, G.J., González, A.F., Valeiras, X. & Guerra, A. (2002). Trends 
in strandings and by-catch of marine mammals in north-west Spain during the 1990s. Journal 
of the Marine Biological Association of the United Kingdom, 82 (3), 513-521. 
Louis, M. (2014). Social, ecological and genetic structures of bottlenose dolphins, Tursiops 
truncatus, in the Normano-Breton gulf and in the North-East Atlantic. Doctoral dissertation, 
University of La Rochelle, La Rochelle, France. 
Luque, P.L., Davis, C.G., Reid, D.G., Wang, J. & Pierce, G.J. (2006). Opportunistic sightings 
of killer whales from Scottish pelagic trawlers fishing for mackerel and herring off North 
Scotland (UK) between 2000 and 2006. Aquatic Living Resources, 19, 403-410.  
Lusseau, D. (2003) Effects of tour boats on the behaviour of bottlenose dolphins: using Markov 
chains to model anthropogenic impacts. Conservation Biology, 17, 1785–1793. 
MacAvoy, S.E., Arneson, L.S. & Bassett, E. (2006). Correlation of metabolism with tissue 
carbon and nitrogen turnover rate in small mammals. Oecologia, 150 (2), 190-201. 
Mackie, I.M. (1969). Identification of fish species by a modified polyacrylamide disc 
electrophoresis technique. Journal of the Association of Public Analysts, 7, 83-91. 
Mackie, I.M. (1972). Some improvements in the polyacrylamide disc electrophoretic method of 
identifying the species of cooked fish. Journal of the Association of Public Analysts, 10, 18-21. 
Mackie, I.M. (1980). A review of some recent applications of electrophoresis and iso-electric 
focusing in the identification of species of fish in fish and fish products. In, Advances in fish 
science and technology, edited by J.J. Connell, Fishing News Books Ltd, Farnham, Surrey, pp. 
444- 450. 
MacLeod, C.D. (1998). Intraspecific scarring in odontocete cetaceans: an indicator of male 
‘quality’ in aggressive social interactions? Journal of Zoology, 244(1), 71-77. 
MacLeod, C.D., Bannon, S.M., Pierce, G.J., Schweder, C., Learmonth, J.A., Herman, J.S. & 
Reid, R.J. (2005). Climate change and the cetacean community of North-West Scotland. 
Biological Conservation, 124, 477-483. 
MacLeod, C.D., Pierce, G.J. & Santos, M.B. (2004). Geographic and temporal variations in 
strandings of beaked whales (Ziphiidae) on the coasts of the UK and the Republic of Ireland 
from 1800-2002. Journal of Cetacean Research and Management, 6 (1), 79-86. 



ASCOBANS/AC27/Doc.2.2 

 
40 

MacLeod, C.D., Pierce, G.J. & Santos, M.B. (2007b). Starvation and sandeel consumption in 
harbour porpoises in the Scottish North Sea. Biology Letters, 3(5), 535–536. 
https://doi.org/10.1098/rsbl.2007.0298 . 
MacLeod, C.D., Reidenberg, J.S., Weller, M., Santos, M.B., Herman, J., Goold, J. & Pierce, 
G.J. (2007a). Breaking symmetry: the marine environment, prey size, and the evolution of 
asymmetry in cetacean skulls. The Anatomical Record: Advances in Integrative Anatomy and 
Evolutionary Biology, 290 (6), 539-545. 
MacLeod, C.D., Santos, M.B., Burns, F., Brownlow, A. & Pierce, G.J. (2014). Can habitat 
modelling for the octopus Eledone cirrhosa help identify key areas for Risso’s dolphin in 
Scottish waters? Hydrobiologia, 725, 125-136 
MacLeod, C.D., Santos, M.B., López, A. & Pierce, G.J. (2006). Relative prey size consumption 
in toothed whales: implications for prey selection and level of specialisation. Marine Ecology 
Progress Series, 326, 295-307. 
MacLeod, C.D., Santos, M.B. & Pierce, G.J. (2003). Review of data on diets of beaked whales: 
evidence of niche separation and geographic segregation. Journal of the Marine Biological 
Association of the United Kingdom, 83, 651-665. 
MacLeod, R., MacLeod, C.D., Learmonth, J.A., Jepson, P.D., Reid, R.J., Deaville, R. & Pierce, 
G.J. (2007c). Mass-dependent predation risk and lethal dolphin-porpoise interactions. 
Proceedings of the Royal Society B; Biological Sciences, 274, 2717-2723. 
Mancia, A., Abelli, L., Kucklick, J.R., Rowles, T.K., Wells, R.S., Balmer, B.C., Hohn, A.A., 
Baatz, J. E. & Ryan, J.C. (2015). Microarray applications to understand the impact of exposure 
to environmental contaminants in wild dolphins (Tursiops truncatus). Marine Genomics, 19, 
47–57. 
Mansilla, L., Olavarría, C. & Vega, M.A. (2012). Stomach contents of long-finned pilot whales 
(Globicephala melas) from southern Chile. Polar Biology, 35(12), 1929-1933. 
Marçalo, A., Katara, I., Feijó, D., Araújo, H., Oliveira, I., Santos, J., Ferreira, M., Monteiro, S., 
Pierce, G.J., Silva, A. & Vingada, J. (2015). Quantification of interactions between the 
Portuguese sardine purse-seine fishery and cetaceans. ICES Journal of Marine Science, 72 
(8), 2438-2449. 
Marçalo, A., Nicolau, L., Giménez, J., Ferreira, M., Santos, J., Araújo, H., Silva, A., Vingada, 
J. & Pierce, G.J. (2018). Feeding ecology of the common dolphin (Delphinus delphis) in 
Western Iberian waters: has the decline in sardine (Sardina pilchardus) affected dolphin diet? 
Marine Biology, 165 (3), 44. 
Massé, J. (1996). Acoustic observations in the Bay of Biscay: schooling, vertical distribution, 
species assemblages and behaviour. Scientia Marina, 60 (Suppl. 2), 227-234. 
McInnes, J.C., Jarman, S.N., Lea, M.-A., Raymond, B., Deagle, B. E., Phillips, R. A., Catry, P., 
Stanworth, A., Weimerskirch, H., Kusch, A., Gras, M., Cherel, Y., Maschette, D. & Alderman, 
R. (2017). DNA Metabarcoding as a Marine Conservation and Management Tool: A 
Circumpolar Examination of Fishery Discards in the Diet of Threatened Albatrosses. Frontiers 
in Marine Science, 4. 
Mead, J.G. (1989). Beaked whales of the genus Mesoplodon. Handbook of Marine Mammals, 
4, River Dolphins and the Larger Toothed Whales, pp. 349-430. 
Mèndez-Fernandez, P., Bustamante, P., Bode, A., Chouvelon, T., Ferreira, M., Lopez, A., 
Pierce, G.J., Santos, M.B., Spitz, J., Vingada, J. & Caurant, F. (2012). Foraging ecology of five 
toothed whale species in the Northwest Iberian Peninsula, inferred using carbon and nitrogen 
isotope ratios. Journal of Experimental Marine Biology and Ecology, 413, 150-158. 
Meynier, L. (2004). Food and feeding ecology of the common dolphin, Delphinus delphis, in 
the Bay of Biscay: intraspecific dietary variation and food transfer modelling. MSc thesis, 
University of Aberdeen, Aberdeen. 

https://doi.org/10.1098/rsbl.2007.0298


ASCOBANS/AC27/Doc.2.2 

 
41 

Meynier, L., Pusineri, C., Spitz, J., Santos, M. B., Pierce, G. J. & Ridoux, V. (2008). Intraspecific 
dietary variation in the short-beaked common dolphin Delphinus delphis in the Bay of Biscay: 
importance of fat fish. Marine Ecology Progress Series, 354, 277-287. 
Michener, R. H. & Kaufman, L. (2007). Stable isotope ratios as tracers in marine food webs: 
an update. Stable Isotopes in Ecology and Environmental Science, 2, 238-282. 
Mikkelsen, A. M. H. & Lund, A. (1994). Intraspecific variation in the dolphins Lagenorhynchus 
albirostris and L. acutus (Mammalia: Cetacea) in metrical and non‐metrical skull characters, 
with remarks on occurrence. Journal of Zoology, 234 (2), 289-299. 
Monteiro, S., Ferreira, M., Vingada, J. V., López, A., Brownlow, A. & Méndez-Fernandez, P. 
(2015). Application of stable isotopes to assess the feeding ecology of long-finned pilot whale 
(Globicephala melas) in the Northeast Atlantic Ocean. Journal of Experimental Marine Biology 
and Ecology, 465, 56-63. 
Montero‐Serra, I., Edwards, M. & Genner, M.J. (2015). Warming shelf seas drive the 
subtropicalization of European pelagic fish communities. Global Change Biology, 21, 144–153. 
https://doi.org/10.1111/gcb.12747  
Murphy, S. (2004). The biology and ecology of the common dolphin Delphinus delphis in the 
North‐east Atlantic (Ph D thesis). University College Cork, Cork, Ireland. 
Murphy, S., Evans, P.G.H., Pinn, E. & Pierce, G.J. (2021). Conservation management of 
common dolphins: lessons learned from the North-east Atlantic. Aquatic Conservation: Marine 
and Freshwater Ecosystems 31 (Supplement 1), 137-166 
Murphy, S., Pinn, E. H., & Jepson, P.D. (2013). The short‐beaked common dolphin (Delphinus 
delphis) in the North‐eastern Atlantic: Distribution, ecology, management and conservation 
status. In R.N. Hughes, D.J. Hughes, & I.P. Smith (Eds.), Oceanography and Marine Bology: 
An annual Review, 51, 193–280. Boca Raton, Florida: CRC Press. 
New, L.F., Harwood, J., Thomas, L., Donovan, C., Clark, J.S., Hastie, G., Thompson, P. M., 
Cheney, B., Scott‐Hayward, L. & Lusseau, D. (2013), Modelling the biological significance of 
behavioural change in coastal bottlenose dolphins in response to disturbance. Functional 
Ecology, 27, 314-322.  
Nielsen, J.M., Clare, E.L., Hayden, B., Brett, M.T. & Kratina, P. (2018). Diet tracing in ecology: 
Method comparison and selection. Methods in Ecology and Evolution, 9(2), 278-291. 
Nielsen, J.R., Lundgren, B., Jensen, T.F. & Stæhr, K.J. (2001). Distribution, density and 
abundance of the western Baltic herring (Clupea harengus) in the Sound (ICES Subdivision 
23) in relation to hydrographical features. Fisheries Research, 50 (3), 235-258. 
Nøttestad L. & Axelsen, B.E. (1999). Herring schooling manoeuvres in response to killer whale 
attacks. Canadian Journal of Zoology, 77, 1540–1546. 
Nøttestad, L., Sivle, L.D., Krafft, B.A., Langård, L., Anthonypillai, V., Bernasconi, M., Langøy, 
H. & Fernö, A. (2014). Prey selection of offshore killer whales Orcinus orca in the Northeast 
Atlantic in late summer: spatial associations with mackerel. Marine Ecology Progress Series, 
499, 275-283. 
Nykänen, M., Dillane, E., Englund, A., Foote, A.D., Ingram, S.N., Louis, M., Mirimin, L., 
Oudejans, M. & Rogan, E. (2018) Quantifying dispersal between marine protected areas by a 
highly mobile species, the bottlenose dolphin, Tursiops truncatus. Ecology & Evolution, 8, 
9241– 9258. 
Overholtz, W.J. & Waring, G.T. (1991). Diet composition of pilot whales Globicephala sp. and 
common dolphins Delphinus delphis in the Mid-Atlantic Bight during spring 1989. Fishery 
Bulletin, 89(4), 723-728. 
Öztürk, B., Salman, A., Östürk, A & Tonay, A (2007). Cephalopod remains the diet of striped 
dolphins (Stenella coeruleoalba) and Risso’s dolphins (Grampus griseus) in the Eastern 
Mediterranean Sea. Vie et Mileu – Life and Environment, 57 (1/2), 53-59. 

https://doi.org/10.1111/gcb.12747


ASCOBANS/AC27/Doc.2.2 

 
42 

Pearson, H.C., Jones, P.W., Srinivasan, M., Lundquist, D., Pearson, C.J., Stockin, K.A. & 
Machovsky-Capuska, G. E. (2017). Testing and deployment of C-VISS (cetacean-borne video 
camera and integrated sensor system) on wild dolphins. Marine Biology, 164, 42. 
Pedersen, J. & Hislop, J.R.G. (2001). Seasonal variations in the energy density of fishes in the 
North Sea. Journal of Fish Biology, 59, 380–389. 
Pereira J.N., Neves V.C., Prieto R., Silva M.A., Cascão I., Oliveira C., Cruz M.J., Medeiros, J. 
V., Barreiros J.P., Porteiro, F.M. & Clarke, D. (2011). Diet of mid-Atlantic Sowerby’s beaked 
whales Mesoplodon bidens. Deep-Sea Research I, 58, 1084-1090.  
Peters, K.J., Stockin, K.A. & Saltré, F. (2022). On the rise: Climate change in New Zealand will 
cause sperm and blue whales to seek higher latitudes. Ecological Indicators, 142, 109235. 
https://doi.org/10.1016/j.ecolind.2022.109235  
Pierce, G.J. & Boyle, P.R. (1991). A review of methods for diet analysis in piscivorous marine 
mammals. Oceanography and Marine Biology: An Annual Review, 29, 409-486. 
Pierce, G.J., Caldas, M., Cedeira, J., Santos, M.B., Llavona, Á., Covelo, P., Martinez, G., 
Torres, J., Sacau, M. & López, A. (2010). Trends in cetacean sightings along the Galician 
coast, north-west Spain, 2003–2007, and inferences about cetacean habitat preferences. 
Journal of the Marine Biological Association of the United Kingdom, 90(8), 1547-1560. 
Pierce, G.J., Santos, M.B. & Cervino, S. (2007). Assessing sources of variation underlying 
estimates of cetacean diet composition: a simulation study on analysis of harbour porpoise diet 
in Scottish (UK) waters. Journal of the Marine Biological Association of the United Kingdom, 
87(1), 213-221. 
Pierce, G. J., Santos Vázquez, M.B. & Learmonth, J. A. (2004). Bioaccumulation of persistent 
organic pollutants in small cetaceans in European water: transport pathways and impact on 
reproduction-(BIOCET). P. 221. In European Conference on Marine Science & Ocean 
Technology. 
Pirotta, E., Booth, C.G., Costa, D.P., Fleishman, E., Kraus, S.D., Lusseau, D., Moretti, D., New, 
L.F., Schick, R.S. & Schwarz, L.K. (2018). Understanding the population consequences of 
disturbance. Ecology and Evolution, 8 (19), 9934-9946. 
Pompanon, F., Deagle, B.E., Symondson, W.O., Brown, D.S., Jarman, S.N. & Taberlet, P. 
(2012). Who is eating what: diet assessment using next generation sequencing. Molecular 
Ecology, 21 (8), 1931-1950. 
Poulard, J. C. & Blanchard, F. (2005). The impact of climate change on the fish community 
structure of the eastern continental shelf of the Bay of Biscay. ICES Journal of Marine Science, 
62 (7), 1436-1443. 
Praetorius, S.K. (2018). North Atlantic circulation slows down. Nature, 556, 180–181. 
https://doi.org/10.1038/d41586‐018‐04086‐4 

Pusineri, C., Magnin, V., Meynier, L., Spitz, J., Hassani, S. & Ridoux, V. (2007). Food and 
feeding ecology of the common dolphin (Delphinus delphis) in the oceanic Northeast Atlantic 
and comparison with its diet in neritic areas. Marine Mammal Science, 23 (1), 30-47. 
Pyke, G.H. (1984). Optimal foraging theory: a critical review. Annual Review of Ecology and 
Systematics, 15, 523-575. 
Rae, B.B. (1973). Additional notes on the food of the common porpoise (Phocoena phocoena). 
Journal of Zoology, 169 (1), 127-131. 
Ramos, R. & González-Solís, J. (2012). Trace me if you can: the use of intrinsic 
biogeochemical markers in marine top predators. Frontiers in Ecology and the Environment, 
10 (5), 258-266. 
Ransijn, J.M., Booth, C. & Smout, S.C. 2019. A calorific map of harbour porpoise prey in the 
North Sea. JNCC Report No. 633. JNCC, Peterborough, ISSN 0963 8091. 
https://data.jncc.gov.uk/data/c12c1b45-73ba-4402-a8f5-ec0275a72cf1/JNCC-Report-633-
FINAL-WEB.pdf 

https://doi.org/10.1016/j.ecolind.2022.109235
https://doi.org/10.1038/d41586%E2%80%90018%E2%80%9004086%E2%80%904
https://data.jncc.gov.uk/data/c12c1b45-73ba-4402-a8f5-ec0275a72cf1/JNCC-Report-633-FINAL-WEB.pdf
https://data.jncc.gov.uk/data/c12c1b45-73ba-4402-a8f5-ec0275a72cf1/JNCC-Report-633-FINAL-WEB.pdf


ASCOBANS/AC27/Doc.2.2 

 
43 

Ransijn, J.M., Hammond, P.S., Leopold, M.F., Sveegaard, S. & Smout, S.C. (2021). Integrating 
disparate datasets to model the functional response of a marine predator: A case study of 
harbour porpoises in the southern North Sea. Ecology and Evolution, 11, 17458-17470.   
Raudino, H.C., Tyne, J.A., Smith, A., Ottewell, K., McArthur, S., Kopps, A.M., Chabanne, D., 
Harcourt, R.G., Pirotta, V. & Waples, K (2019). Challenges of collecting blow from small 
cetaceans. Ecosphere, 10 (10): e02901 10.1002/ecs2.2901. 
Recchia, C.A. & Read, A.J. (1989). Stomach contents of harbour porpoises, Phocoena 
phocoena (L.), from the Bay of Fundy. Canadian Journal of Zoology, 67 (9), 2140-2146. 
Reeves, R.R., Mitchell, E. & Whitehead, H. (1993). Status of Northern Bottlenose whale, 
Hyperoodon ampullatus. Canadian Field Naturalist, 107 (4), 490-508. 
Reid, J.B., Evans, P.G.H. & Northridge, S.P. (2003) Atlas of Cetacean Distribution in North-
west European Waters. Joint Nature Conservation Committee, Peterborough. 76 pp. 
Rice, J., Moksness, E., Attwood, C., Brown, S.K., Dahle, G., Gjerde, K.M., Grefsrud, E.S., 
Kenchington, R., Kleiven, A.R., McConney, P., Ngoile, M.A.K., Næsje, T.F., Olsen, E., Olsen, 
E.M., Sanders, J., Sharma, C., Vestergaard, O. & Westlund, L. (2012). The role of MPAs in 
reconciling fisheries management with conservation of biological diversity. Ocean & Coastal 
Management, 69, 217e230 
Ringelstein, J., Pusineri, C., Hassani, S., Meynier, L., Nicolas, R. & Ridoux, V. (2006). Food 
and feeding ecology of the striped dolphin, Stenella coeruleoalba, in the oceanic waters of the 
north-east Atlantic. Journal of the Marine Biological Association of the United Kingdom, 86(4), 
909-918. 
Roberts, J., Best, B.D., Mannocci, L., Fujioka, E., Halpin, P.N., Palka, D.L., Garrison, L.P., 
Mullin, K.D., Cole, T.V.N., Khan, C.B., McLellan, W.A., Pabst, D.A. & Lockhart, G.G. (2016). 
Habitat-based cetacean density models for the U.S. Atlantic and Gulf of Mexico. Scientific 
Reports, 6, 22615. 
Rogan, E. (2009). The ecology of harbour porpoise (Phocoena phocoena) in Irish waters: what 
strandings programmes tell us.in Muc Mhara – Ireland’s smallest whale. Proceedings of the 
2nd Irish Whale and Dolphin Group International Whale Conference (Eds. Berrow, S.D. and 
Deegan, B.) 19th -21st September 2008, Killiney, Co. Dublin. IWDG 
Rogan, E., Cañadas, A., Macleod, K., Santos, M.B., Mikkelsen, B., Uriarte, A., Van Canneyt, 
O., Vázquez, J.A. & Hammond, P.S. (2017). Distribution, abundance and habitat use of deep 
diving cetaceans in the North-East Atlantic. Deep Sea Research Part II: Topical Studies in 
Oceanography, 141, 8-19. 
Rosel, P.E., Dizon, A.E. & Haygood, M.G. (1995). Variability of the mitochondrial control region 
in populations of the harbour porpoise, Phocoena, on interoceanic and regional scales. 
Canadian Journal of Fisheries and Aquatic Sciences, 52 (6), 1210-1219. 
Rosel, P.E., Tiedemann, R. & Walton, M. (1999). Genetic evidence for limited trans-Atlantic 
movements of the harbor porpoise Phocoena phocoena. Marine Biology, 133 (4), 583-591. 
Rosen, D.A.S. & Tollit, D.J. (2012). Effects of phylogeny and prey type on fatty acid calibration 
coefficients in three pinniped species: implications for the QFASA dietary quantification 
technique. Marine Ecology Progress Series, 467, 263-276. doi: 10.3354/meps09934 
Ross, S.D., Andreasen, H. & Andersen, N.G. (2016). An important step towards accurate 
estimation of diet composition and consumption rates for the harbor porpoise (Phocoena 
phocoena). Marine Mammal Science, 32, 1491-1500.  
Santos, M.B. (1998). Feeding ecology of harbour porpoises, common and bottlenose dolphins 
and sperm whales in the northeast Atlantic. PhD thesis, University of Aberdeen, Scotland. 
Santos, M.B., Clarke, M.R. & Pierce, G.J. (2001a). Assessing the importance of cephalopods 
in the diets of marine mammals and other top predators: problems and solutions. Fisheries 
Research, 52 (1-2), 121-139. 

https://doi.org/10.1002/ecs2.2901


ASCOBANS/AC27/Doc.2.2 

 
44 

Santos, M.B., Fernández, R., López, A., Martínez, J.A. & Pierce, G.J., (2007). Variability in the 
diet of bottlenose dolphin, Tursiops truncatus, in Galician waters, north-western Spain, 1990-
2005. Journal of the Marine Biological Association of the United Kingdom, 87, 231-241. 
Santos, M.B., German, I., Correia, D., Read, F.L., Cedeira, J. M., Caldas, M., López, A., 
Velasco, F. & Pierce, G.J. (2013a). Long-term variation in common dolphin diet in relation to 
prey abundance. Marine Ecology Progress Series, 481, 249-268. 
Santos, M.B., González‐Quirós, R., Riveiro, I., Iglesias, M., Louzao, M. & Pierce, G.J. (2013b). 
Characterization of the pelagic fish community of the north‐western and northern Spanish shelf 
waters. Journal of Fish Biology, 83 (4), 716-738. 
Santos, M.B., Monteiro, S.S., Vingada, J.V., Ferreira, M., López, A., Martínez Cedeira, J.A., 
Reid, R.J., Brownlow, A. & Pierce, G.J. (2014). Patterns and trends in the diet of long‐finned 
pilot whales (Globicephala melas) in the northeast Atlantic. Marine Mammal Science, 30 (1), 
1-19. 
Santos, M. B. & Pierce, G.J. (2003). The diet of harbour porpoise (Phocoena phocoena) in the 
northeast Atlantic. Oceanography and Marine Biology: An Annual Review, 41, 355-390.  
Santos, M.B., Pierce, G.J., Learmonth, J.A., Reid, R.J., Ross, H.M., Patterson, I.A.P., Reid, 
D.G. & Beare, D. (2004). Variability in the diet of harbor porpoises (Phocoena phocoena) in 
Scottish waters 1992–2003. Marine Mammal Science, 20, 1-27. doi:10.1111/j.1748-
7692.2004.tb01138.x 
Santos, M.B., Pierce, G.J., Learmonth, J.A., Reid, R.J., Sacau, M., Patterson, I.A.P. & Ross, 
H.M. (2008). Strandings of striped dolphin Stenella coeruleoalba in Scottish waters (1992–
2003) with notes on the diet of this species. Journal of the Marine Biological Association of the 
United Kingdom, 88 (6), 1175-1183. 
Santos, M.B., Pierce, G.J., Reid, R.J., Patterson, I.A.P., Ross, H.M. & Mente, E. (2001). 
Stomach contents of bottlenose dolphins (Tursiops truncatus) in Scottish waters. Journal of 
the Marine Biological Association of the United Kingdom, 81, 873-878. 
Santos, M.B., Pierce, G.J., Smeenk, C., Addink, M.J., Kinze, C.C., Tougaard, S. & Herman, J. 
(2001b). Stomach contents of northern bottlenose whales Hyperoodon ampullatus stranded in 
the North Sea. Journal of the Marine Biological Association of the United Kingdom, 81 (1), 143-
150. 
Shane, S.H., Wells, R.S. & Würsig, B. (1986). Ecology, behavior and social organization of the 
bottlenose dolphin: a review. Marine Mammal Science, 2 (1), 34-63. 
Silva, M.A. (1999). Diet of common dolphins, Delphinus delphis, off the Portuguese continental 
coast. Journal of the Marine Biological Association of the United Kingdom, 79 (3), 531-540. 
Simmonds, M.P. & Isaac, S. (2007). The impact of climate change on marine mammals: early 
signs of significant problems. Oryx, 41 (1), 19-25.  
Simmonds, M.P. & Elliott, W.J. (2009). Climate change and cetaceans: concerns and recent 
developments. Journal of the Marine Biological Association of the United Kingdom, 89 (1), 203-
210. 
Smith, G.J.D. & Gaskin, D.E. (1974). The diet of harbor porpoises (Phocoena phocoena (L.)) 
in coastal waters of eastern Canada, with special reference to the Bay of Fundy. Canadian 
Journal of Zoology, 52 (6), 777-782. 
Smith, L., Gamble, R., Gaichas, S. & Link, J. (2015). Simulations to evaluate management 
trade-offs among marine mammal consumption needs, commercial fishing fleets and finfish 
biomass. Marine Ecology Progress Series, 523, 215-232. https://doi.org/10.3354/meps11129. 
Smith, S. & Madden A. M. (2016). Body composition and functional assessment of nutritional 
status in adults: a narrative review of imaging, impedance, strength and functional techniques. 
Journal of Human Nutrition and Dietetics, 29, 714–732. 

https://doi.org/10.1111/j.1748-7692.2004.tb01138.x
https://doi.org/10.1111/j.1748-7692.2004.tb01138.x
https://doi.org/10.3354/meps11129


ASCOBANS/AC27/Doc.2.2 

 
45 

Spitz, J., Cherel, Y., Bertin, S., Kiszka, J., Dewez, A. & Ridoux, V. (2011). Prey preferences 
among the community of deep-diving odontocetes from the Bay of Biscay, Northeast Atlantic. 
Deep Sea Research Part I: Oceanographic Research Papers, 58 (3), 273-282. 
Spitz, J., Mourocq, E., Leauté, J. P., Quéro, J. C. & Ridoux, V. (2010). Prey selection by the 
common dolphin: fulfilling high energy requirements with high quality food. Journal of 
Experimental Marine Biology and Ecology, 390(2), 73-77. 
Spitz, J., Richard, E., Meynier, L., Pusineri, C. & Ridoux, V. (2006). Dietary plasticity of the 
oceanic striped dolphin, Stenella coeruleoalba, in the neritic waters of the Bay of Biscay. 
Journal of Sea Research, 55 (4), 309-320. 
Spitz, J., Ridoux, V. & Brind'Amour, A. (2014). Let's go beyond taxonomy in diet description: 
testing a trait‐based approach to prey–predator relationships. Journal of Animal Ecology, 83(5), 
1137-1148. 
Spitz, J., Ridoux, V., Trites, A.W., Laran, S. & Authier, M (2018). Prey consumption by 
cetaceans reveals the importance of energy-rich food webs in the Bay of Biscay. Progress in 
Oceanography, 166, 148-158. 
Spitz, J., Trites, A. W., Becquet, V., Brind'Amour, A., Cherel, Y., Galois, R. & Ridoux, V. (2012). 
Cost of living dictates what whales, dolphins and porpoises eat: the importance of prey quality 
on predator foraging strategies. PloS One, 7 (11). 
Spyrakos, E., Santos-Diniz, T. C., Martinez-Iglesias, G., Torres-Palenzuela, J. M. & Pierce, G. 
J. (2011). Spatiotemporal patterns of marine mammal distribution in coastal waters of Galicia, 
NW Spain. Hydrobiologia, 670 (1), 87-109. 
Stelzenmüller, V., Ellis, J. R. & Rogers, S. I (2010). Towards a spatially explicit risk assessment 
for marine management: Assessing the vulnerability of fish to aggregate extraction. Biological 
Conservation, 143, 230-238. 
Stewart, B.D., Howarth, L.M., Wood, H., Whiteside, K.,Carney, W., Crimmins, E., O’Leary, 
B.C., Hawkins, J.P. & Roberts, C.M. (2020) Marine conservation begins at home: How a local 
community and protection of a small bay sent waves of change around the UK and beyond. 
Frontiers in Marine Science, 7, 76. doi: 10.3389/fmars.2020.00076.   
Stockin, K.A., Amiot, C., Meynier, L.M., Purvin, C. & Machovsky-Capuska, G.E. (2022). 
Understanding common dolphin and Australasian gannet feeding associations from an 
ethological and nutritional perspective. ICES Journal of Marine Science. 
https://academic.oup.com/icesjms/advance-article/doi/10.1093/icesjms/fsac133/6660730    
Suberg L., Wynn R.B., van der Kooij, J., Fernand, L., Fielding, S., Guihen, D., Gillespie, D., 
Johnson, M., Gkikopoulou,, K. C., Allan, I.J., Vrana, B., Miller, P.I., Smeed, D. & Jones, A.R. 
(2014). Assessing the potential of autonomous submarine gliders for ecosystem monitoring 
across multiple trophic levels (plankton to cetaceans) and pollutants in shallow shelf seas. 
Methods in Oceanography, 10, 70–89. 
Sveegaard, S., Andreasen, H., Mouritsen, K.N., Jeppesen, J.P., Teilmann, J. & Kinze, C.C. 
(2012). Correlation between the seasonal distribution of harbour porpoises and their prey in 
the Sound, Baltic Sea. Marine Biology, 159 (5), 1029-1037. 
Ten Doeschate, M., Brownlow, A., Davison, N. & Thompson, P. (2017). Dead useful; methods 
for quantifying baseline variability in stranding rates to improve the ecological value of the 
strandings record as a monitoring tool. Journal of the Marine Biological Association of the 
United Kingdom, 98 (5) 1-5. https://doi.org/10.1017/S0025315417000698.  
Thiemann, G.W., Iverson, S.J. & Stirling, I. (2008). Using fatty acids to study marine mammal 
foraging: The evidence from an extensive and growing literature. Marine Mammal Science, 
25(1):243 – 249. DOI: 10.1111/j.1748-7692.2008.00258.x. 
Thompson, P.M., Tollot, D.J., Corpe, H.M., Reid, R.J. & Ross, H.M. (1997). Changes in 
haematological parameters in relation to prey switching in a wild population of harbour seals. 
Function Ecology, 11, 743-750. 

https://academic.oup.com/icesjms/advance-article/doi/10.1093/icesjms/fsac133/6660730
https://doi.org/10.1017/S0025315417000698
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.1748-7692.2008.00258.x?_sg%5B0%5D=Ia6YmEm2ksmo1uvbhyAgOTMjFfYnOUX-JXpS-yhzmc3-FIbb1287ErdHaRcAZE4g1SW9eLJpUNVE-MjEdYZLosraJQ.rCOrsJfYwnDKpl5RQGceHzAfZ7p7M-f7WMhETx0rpc_wXX7CwDME4EHwhITZtZu2MXq5UrtDeoyfLmHGBmzotQ


ASCOBANS/AC27/Doc.2.2 

 
46 

Thornally, D.J.R., Oppo, D.W., Ortega, P., Robson, J.I., Brierley, C.M., Davis, R., Hall, I.R., 
Moffa-Sanchez, P., Rose, N.L., Spooner, P.T., Yashayaev, I. & Keigwin, L.D. (2018). 
Anomalously weak Labrador Sea convection and Atlantic overturning during the past 150 
years. Nature, 556, 227–230. https://doi.org/10.1038/s41586‐018‐0007‐4  

Thrush, S.F. & Dayton, P.K. (2002). Disturbance to marine benthic habitats by trawling and 
dredging: implications for marine biodiversity. Annual Review of Ecology and Systematics, 33 
(1), 449-473. 
Tierney, S.L. (2002). The diet of the harbour porpoise (Phocoena phocoena) in British waters. 
University of St Andrews, St Andrews, Scotland. 
Tieszen, L.L., Boutton, T. W., Tesdahl, K.G. & Slade, N.A. (1983). Fractionation and turnover 
of stable carbon isotopes in animal tissues: implications for δ 13 C analysis of diet. Oecologia, 
57(1-2), 32-37. 
Tillin H.M., Houghton A.J., Saunders J.E. & Hull, S.C. (2011). Direct and Indirect Impacts of 
Marine Aggregate Dredging. Marine ALSF Science Monograph Series No. 1. MEPF 10/P144, 
ABP Marine Environmental Research, Southampton. 
Todd, V. L. G., Todd, I. B., Gardiner, J.C., Morrin, E. C. N., Macpherson, N. A., Dimarzio, N. 
A. & Thomsen, F (2015). A review of impacts of marine dredging activities on marine mammals. 
ICES Journal of Marine Science; doi:10.1093/icesjms/fsu187. 
Traugott, M., Kamenova, S., Ruess, L., Seeber, J. & Plantegenest, M. (2013). Empirically 
characterising trophic networks: what emerging DNA-based methods, stable isotope and fatty 
acid analyses can offer. In Advances in Ecological Research 49, 177-224. 
Trippel, E.A., Strong, M.B., Terhune, J.M. & Conway, J.D. (1999). Mitigation of harbour 
porpoise (Phocoena phocoena) by-catch in the gillnet fishery in the lower Bay of Fundy. 
Canadian Journal of Fisheries and Aquatic Sciences, 56 (1), 113-123. 
Tyack, P.L., Zimmer, W.M.X., Moretti, D., Southall, B.L., Claridge, D.E., Durban, J.W., Clark, 
C.W., D’Amico, A., DiMarzio, M., Jarvis, S., McCarthy, E., Morrissey, R., Ward, J. & Boyd, I.L. 
(2011). Beaked whales respond to simulated and actual naval sonar. PLOS ONE, 6, e17009. 
Tyson, E. (1680). Phocæna, or The anatomy of a porpess dissected at Gresham Colledge: 
with a præliminary discourse concerning anatomy, and a natural history of animals. London: 
printed for Benj. Tooke at the Ship in St. Paul's Church-yard. 
http://name.umdl.umich.edu/A64097.0001.001  
Valentini, A., Taberlet, P., Miaud, C., Civade, R., Herder, J., Thomsen, P.F., Bellemain, E., 
Besnard, A., Coissac, E., Boyer, F, Gaboriaud, C., Jean, P., Poulet, N., Roset, N., Copp, G.H.,  
Geniez, P., Pont, D., Argillier, C., Baudoin, J.-M., Peroux, T, Crivelli, A.J., Olivier, A., 
Acqueberge, M., Le Brun, M., Møller, P.R., Willerslev, E. & Dejean, T. (2016). Next-generation 
monitoring of aquatic biodiversity using environmental DNA metabarcoding. Molecular 
Ecology, 25, 929–942. 
Van Bressem, M.F., Raga, J.A., Di Guardo, G., Jepson, P.D., Duigan, P.J., Siebert, U., Barrett, 
T., César de Oliveira Santos, M., Moreno, I.B., Siciliano, S., Aguilar, A. & Van Waerebeek, K. 
(2009). Emerging infectious diseases in cetaceans worldwide and the possible role of 
environmental stressors. Diseases & Aquatic Organisms, 86,143-157. 
https://doi.org/10.3354/dao02101. 
Verfuss, U.K., Aniceto, A.S., Harris, D.V., Gillespie, D., Fielding, S., Jiménez, G., Johnston, P., 
Sinclair, R.R., Sivertsen, A., Solbø, S.A., et al 2019. A review of unmanned vehicles for the 
detection and monitoring of marine fauna. Marine Pollution Bulletin, 140, 17–29. 
Víkingsson, G.A., Ólafsdóttir, D. & Sigurjónsson, J. (2003). Geographical, and seasonal 
variation in the diet of harbour porpoises (Phocoena phocoena) in Icelandic coastal waters. 
NAMMCO Scientific Publications, 5, 243-270. 
Visser, F., Merten, V.J., Bayer, T., Oudejans, M.G., de Jonge, D.S.W., Puebla, O., Reusch, 
T.B.H., Fuss, J. & Hoving, H.J.T. (2021) Deep-sea predator niche segregation revealed by 

https://doi.org/10.1038/s41586%E2%80%90018%E2%80%900007%E2%80%904
http://name.umdl.umich.edu/A64097.0001.001
https://doi.org/10.3354/dao02101


ASCOBANS/AC27/Doc.2.2 

 
47 

combined cetacean biologging and eDNA analysis of cephalopod prey. Science Advances, 7, 
eabf5908.  
Vongraven, D. & Bisther, A. (2014). Prey switching by killer whales in the north-east Atlantic: 
observational evidence and experimental insights. Journal of the Marine Biological Association 
of the United Kingdom, 94 (6), 1357-1365. 
Waggitt, J.J., Evans P.G.H., Andrade, J., Banks, A.N., Boisseau, O., Bolton, M., Bradbury, G., 
Brereton, T., Camphuysen, C.J., Durinck, J., Felce, T., Fijn, R.C., Garcia-Baron, I., Garthe,  S., 
Geelhoed, S.C.V, Gilles, A., Goodall, M., Haelters, J., Hamilton, S., Hartny-Mills, L.,  Hodgins, 
N., Jessopp, M., Kavanagh, A.S., Leopold, M., Lohrengel, K., Louzao, M., Markones, N. 
Martinez-Cediera, J., O’Cadhla, O., Perry, S.L., Pierce, G.J., Ridoux, V.,  Robinson, K., Santos, 
B., Saavedra, C., Skov, H., Stienen E.W.M., Sveegaard, S.,  Thompson, P., Vanermen, N., 
Wall, D., Webb, A., Wilson, J., Wanless, S. & Hiddink J.G. (2020). Distribution maps of 
cetacean and seabird populations in the North-East Atlantic. Journal of Applied Ecology, 57, 
253-269. DOI: 10.1111/1365-2664.13525. 
Wang, J.Y. & Berggren, P. (1997). Mitochondrial DNA analysis of harbour porpoises 
(Phocoena phocoena) in the Baltic Sea, the Kattegat–Skagerrak Seas and off the west coast 
of Norway. Marine Biology, 127 (4), 531-537. 
Ward, E.J., Holmes, E.E. & Balcomb, K.C. (2009). Quantifying the effects of prey abundance 
on killer whale reproduction. Journal of Applied Ecology, 46, 632–640. 
Weir, C.R., Pollock, C., Cronin, C. & Taylor, S. (2001). Cetaceans of the Atlantic Frontier, north 
and west of Scotland. Continental Shelf Research, 21 (8-10), 1047-1071. 

Werth, A.J. (2000). A kinematic study of suction feeding and associated behavior in the long‐
finned pilot whale, Globicephala melas (Traill). Marine Mammal Science, 16 (2), 299-314. 
Werth, A.J. (2006). Mandibular and dental variation and the evolution of suction feeding in 
Odontoceti. Journal of Mammalogy, 87 (3), 579-588. 
Whitehead, S.C., Wright, J. & Cotton, P.A. (1999). Patterns of winter field use by starlings 
Sturnus vulgaris: how important is prey depletion? Bird Study, 46 (3), 289-298. 
https://doi.org/10.1080/00063659909461141 

Williams, R., Krkošek, M., Ashe, E., Branch, T.A., Clark, S., Hammond, P.S., Hoyt, E., Noren, 
D.P., Rosen, D. & Winship, A (2011). Competing conservation objectives for predators and 
prey: estimating killer whale prey requirements for Chinook salmon. PLoS ONE, 6. 
http://dx.doi.org/10.1371/journal.pone.0026738. 
Williams, R., Vikingsson, G.A., Gislason, A., Lockyer, C., New, L., Thomas, L. & Hammond, P. 
S. (2013). Evidence for density dependent changes in body condition and pregnancy rate of 
North Atlantic fin whales over four decades of varying environmental conditions. ICES Journal 
of Marine Science, 70, 1273–1280. 
Wilson, B. (2008) Bottlenose Dolphin Tursiops truncatus. Pp. 709-715. In: Mammals of the 
British Isles. (Eds. S. Harris and D.W. Yalden). Handbook. 4th Edition. The Mammal Society, 
Southampton. 800 pp. 
Wisniewska, D.M., Johnson, M., Teilmann, J., Rojano-Doñate, L., Shearer, J., Sveegaard, S., 
Miller, L.A., Siebert, U. & Madsen, P.T (2016). Ultra-high foraging rates of harbor porpoises 
make them vulnerable to anthropogenic disturbance. Current Biology, 26, 1441- 1446.  

Wisniewska, D.M., Johnson, M., Teilmann, J., Rojano‐Doñate, L., Shearer, J., Sveegaard, S., 
Miller, L.A., Siebert, U. & Madsen, P.T (2018a). Response to “Resilience of harbor porpoises 
to anthropogenic disturbance: Must they really feed continuously?” Marine Mammal Science, 
34, 265-270. 
Wisniewska, D.M., Johnson, M., Teilmann, J., Siebert, U., Galatius, A., Dietz, R. & Madsen, P. 
T (2018b). High rates of vessel noise disrupt foraging in wild harbour porpoises (Phocoena 
phocoena). Proceedings of the Royal Society B: Biological Sciences, 285 (1872), 20172314. 

https://doi.org/10.1080/00063659909461141
http://dx.doi.org/10.1371/journal.pone.0026738


ASCOBANS/AC27/Doc.2.2 

 
48 

Young, D.D. & Cockcroft, V.G. (1994). Diet of common dolphins (Delphinus delphis) off the 
south‐east coast of southern Africa: opportunism or specialization? Journal of Zoology, 234 
(1), 41-53. 
Young, H., Nigro, K., McCauley D.J., Ballance L.T., Oleson E. M., & Baumann-Pickering, S. 
(2017). Limited trophic partitioning among sympatric delphinids off a tropical oceanic atoll. 
PLoS ONE, 12 (8): e0181526. https://doi.org/10.1371/journal. pone.0181526. 
 
  

https://doi.org/10.1371/journal.%20pone.0181526


ASCOBANS/AC27/Doc.2.2 

 
49 

Annex 1. Members of the ASCOBANS Resource Depletion Working Group 
 

Forename Surname e-mail 
Andrew Brownlow andrew.brownlow@glasgow.ac.uk 
Eunice Pinn Eunice.Pinn@seafish.co.uk 
Graham Pierce g.j.pierce@iim.csic.es 
Jerome Spitz jspitz@univ-lr.fr  
Karen Stockin K.A.Stockin@massey.ac.nz  
Katarzyna Kamińska K.Kaminska@mgm.gov.pl 
Lonneke IJsseldijk L.L.IJsseldijk@uu.nl 
Lucie Kessler lucie.a.kessler@gmail.com 
Mardik Leopold mardik.leopold@wur.nl 
Mariel Ten Doeschate Marielten.Doeschate@sac.co.uk  
Mark Simmonds mark.simmonds@sciencegyre.co.uk 
Meike Scheidat meike.scheidat@wur.nl 
Nick  Davison Nick.Davison@sac.co.uk  
Nikki Taylor Nikki.Taylor@jncc.gov.uk 
Peter Evans peter.evans@bangor.ac.uk 
Sinead Murphy Sinead.murphy@atu.ie 
Vincent Ridoux vincent.ridoux@univ-lr.fr 

 

mailto:Eunice.Pinn@seafish.co.uk
mailto:g.j.pierce@iim.csic.es
mailto:jspitz@univ-lr.fr
mailto:K.A.Stockin@massey.ac.nz
mailto:K.Kaminska@mgm.gov.pl
mailto:L.L.IJsseldijk@uu.nl
mailto:lucie.a.kessler@gmail.com
mailto:mardik.leopold@wur.nl
mailto:Marielten.Doeschate@sac.co.uk
mailto:mark.simmonds@sciencegyre.co.uk
mailto:meike.scheidat@wur.nl
mailto:Nick.Davison@sac.co.uk
mailto:Nikki.Taylor@jncc.gov.uk
mailto:peter.evans@bangor.ac.uk
mailto:Sinead.murphy@atu.ie
mailto:vincent.ridoux@univ-lr.fr

	doc2.2_cover.pdf
	ascobans_ac27_doc2.2_report-resource-depletion-wg.pdf
	Background and Terms of Reference
	ToR A: Review/summarise recent information on resource depletion and its impacts on small cetaceans and identify additional research needed.
	Introduction
	Causes of prey depletion
	Impacts
	Adaptability
	Monitoring and surveillance
	Filling data and knowledge gaps

	TOR B. Review sources of information on prey distribution and abundance (e.g., fishery landings and effort data, stock assessments, fish surveys (which potentially offer information with a higher spatial resolution), habitat models for fish and cephal...
	TOR E. Review spatio-temporal trends in sightings data on distribution and abundance of small cetaceans, in relation to possible relationships with trends in distribution and abundance of their known prey.
	ToR C.  Liaise with other ASCOBANS initiatives to develop health/condition indicators for small cetaceans, based on information from live animals and/or necropsies, with the ultimate aim to improve the resolution of these indicators for identifying im...
	Assessing cetacean health and condition
	Filling data and knowledge gaps

	ToR D. Review and collate information on diet of small cetaceans in the ASCOBANS area (including long-term dietary variation) and foraging behaviour, to improve understanding of likely responses to changes in prey availability; identify knowledge gaps...
	Morphology, energetics, distribution and diet
	Methodologies to study diet
	Distribution and diet of different cetacean species
	Filling data and knowledge gaps

	ToR F. Review relevant information from emerging technologies
	ToR G. Explore prospects for integrating information from multiple data sources to provide inter/multidisciplinary insights into the resource depletion issue
	ToR H. Mitigation of pressures affecting cetacean prey availability - fisheries
	References
	Annex 1. Members of the ASCOBANS Resource Depletion Working Group


