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Till Farmor 
 

som var med från början 
som alltid var intresserad och undrade hur det gick 

som funderade på vilken klänning hon skulle ha på disputationsdagen 
  



 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

“When we take seals from the ocean, what holes are left?” 
(Victor Scheffer) 

 
 
 
 

“... en warg i Siön, håller sig alltid framme wid Strömmings och andra fisklekar; äter och ofta då 
för mycket, att han ger det åter, som då kommer fiskmåsarne till godo” 

(Carl von Linné) 
 
 
 
 

“Utan tvivel är man inte klok” 
(Tage Danielsson) 
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Abstract 
The Baltic Sea has been severely affected by pollution and resource overexploitation during the 
last centuries. The grey seal (Halichoerus grypus) is a good example of how a species can be 
affected by such changes. In the early 1900s grey seals were common, but hunting and 
environmental contaminants caused a rapid decline to the verge of extinction in the 1970s. Since 
the 1980s the population is increasing. This has intensified the conflicts between seals and 
fisheries, and resource competition between seals and the fishing industry is a matter of debate. 
This thesis examines dietary patterns and prey consumption by grey seals collected in the Baltic 
Sea in 2001-2005. It is the first comprehensive study of the Baltic grey seal diet since the early 
1970s. 
 
Dietary studies of marine mammals generally suffer from a number of possible biases, both 
concerning the methodology and how the samples are collected. This thesis applies different 
methods to increase the accuracy and quantifies the uncertainties of the dietary estimates. 
Conventional analysis of prey remains in the digestive tracts showed that the diet differed 
between seals from the Gulf of Bothnia and the Baltic Proper, and also between young-of-the-
year animals and older animals. Herring (Clupea harengus) was the main prey in all areas and 
age groups, followed by sprat (Sprattus sprattus) in the south, and common whitefish 
(Coregonus lavaretus) in the north. Furthermore, the digestive-tract contents of seals collected 
from certain fishing gear was different from seals collected away from fishing gear. Size and 
numerical correction factors were used to compensate for biases introduced by digestive erosion 
of prey otoliths, and additional prey hard parts, other than otoliths, were used to increase the 
detection level of prey items.  
 
The intake of prey biomass by the Baltic grey seal population was estimated using a bioenergetic 
model and data on population size and diet composition. On a larger spatial scale, the total fish 
removal by grey seals was negligible. Nevertheless, the predation by seals can have impact on 
individual prey species and local fish stocks. Concerns for competition between seals and 
fisheries were augmented by overlapping length distributions of seal prey and commercial 
catches. 
 
The use of fatty acid signature analysis (FASA), which provides long-term dietary information, 
irrespectively of identifiable prey remains, to a large extent manifested the results from the 
conventional analysis. However, the application of FASA indicated different feeding habits 
between male and female grey seals, which were not found using conventional methodology. 
Application of FASA on marine top predators relies on the background data of the FA signatures 
of prey species. Grey seal prey species in the Baltic Sea showed a relatively large overlap in FA 
composition. The intra-specific variation in some species even exceeded the inter-specific 
variation, which needs to be considered when applying FASA in ecological assessments of fish 
predators in the Baltic Sea. 
 
This study presents a compilation of techniques applicable to assessments of dietary patterns and 
ecological roles of marine mammals. The results suggest that a combination of different 
methods, each with its own unique potential as well as limitations, is advisable. Efforts should be 
made to develop and refine these methods and use them in combination with additional 
techniques to advance the understanding of the ecology of grey seals in the Baltic Sea. 
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Svensk sammanfattning 
Östersjön har under de senaste århundradena genomgått storskaliga ekologiska förändringar, i 
takt med samhällsutvecklingen i de omkringliggande länderna.  Havsområdet har drabbats hårt 
av miljöförstöring och resurserna har överexploaterats genom storskaligt fiske och omfattande 
jakt. Gråsälen är ett bra exempel på hur en art kan påverkas kraftigt av sådana förändringar. Från 
att ha varit mycket vanliga under början av 1900-talet påverkades sälbestånden så kraftigt av jakt 
och miljögifter att bara en spillra återstod på 1970-talet. Sedan mitten av 1980-talet tillväxer 
sälbestånden kontinuerligt, vilket har lett till ökande konflikter med fisket. Dels i form av skador 
på fångst och redskap, men också genom konkurrens om resursen eftersom sälarna äter samma 
fiskarter som människan fiskar. För att förstå Östersjöns ekosystem och ge underlag för en 
ekosystembaserad förvaltning behövs kunskap om födovävens utseende och vilka faktorer som 
påverkar den. Sälarnas roll i ekosystemet och vilka effekter de har på sin omgivning, och vice 
versa, kräver information om sälarnas födovanor. Denna avhandling presenterar flera metoder 
som är användbara för att undersöka sälars och andra marina däggdjurs val av föda och påverkan 
på fiskbestånd. Arbetet omfattar material insamlat under 2001-2005 och utgör den första 
undersökningen av gråsälens diet i Östersjön sedan början av 1970-talet.  
 
Kort kan sägas att resultaten visar att gråsälarna i Östersjön till stor del äter samma arter och 
storlekar på fisk som yrkesfisket fångar. Även om sälarnas totala fiskuttag i relation till fisket är 
försumbart i ett större geografiskt perspektiv kan sälarna ha betydelse för enskilda arter och 
lokala fiskbestånd.  
 
Ett vedertaget sätt att studera födoval hos marina däggdjur är att undersöka bytesrester från mag- 
och tarminnehåll från skjutna och bifångade djur. Delstudie I och II beskriver hur man kan 
minska de felkällor som uppstår i samband med matsmältningen i sälmagarna, samt hur man kan 
ta reda på hur dieten varierar. Uppskattningarna visar att gråsälarnas diet skilde sig mellan 
Bottniska viken och egentliga Östersjön, och yngre sälar hade en annan dietsammansättning än 
äldre sälar. Strömming var det viktigaste bytet bland alla åldersgrupper, i alla områden, följt av 
sik i Bottniska viken och skarpsill i egentliga Östersjön. Mag- och tarminnehållet från sälar som 
samlats in från ål- och laxfångande fiskeredskap skilde sig från de sälar som inte samlats in från 
fiskeredskap.  
 
För att få en uppfattning om möjlig konkurrens mellan sälar och fiske beräknas i delstudie 3 hur 
mycket Östersjöns gråsälar äter av olika fiskarter och detta jämförs med yrkesfiskets och 
fritidsfiskets fångster. I gråsälarnas huvudsakliga utbredningsområde var sälarnas uttag av torsk, 
sik, lax, öring och ål i samma storleksordning som fiskefångsterna. Detta kan ses som möjliga 
tecken på konkurrens mellan sälen och fisket. Sälens påverkan på fiskbestånden är därför något 
som bör undersökas vidare. 
 
Sammansättningen av fettsyror i sälarnas späck beror till stor del på fettsyrasammansättningen i 
sälarnas byten. Fettsyrorna i späcket kan därför användas som dietmarkörer, som ger information 
om födointaget under en längre tid, oberoende av identifierbara bytesrester i sälarnas mag-
tarmkanal. I delstudie IV undersöktes hur sälarnas fettsyrasammansättning varierar och 
resultaten jämfördes med den korttidsbild man får från undersökningar av mag- och 
tarminnehåll. Variationerna i fettsyrasammansättning bekräftade till stor del de dietmönster som 
vi såg i analyserna av mag- och tarminnehållet, men genom att använda fettsyror upptäckte vi 
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även skillnader i födovanor mellan hanar och honor. Detaljerade födoekologiska undersökningar 
baserade på fettsyror kräver bakgrundsinformation om bytesdjurens fettsyrasammansättning. I 
delstudie V undersöktes därför hur sammansättningen av fettsyror varierar inom och mellan olika 
fiskarter i Östersjön. Hos vissa arter skilde sig fettsyrasammansättningen mellan Bottniska viken 
och egentliga Östersjön, och skillnaderna kunde till och med vara större inom en art än mellan 
olika arter. 
 
De beskrivna metoderna kan och bör vidareutvecklas och kombineras, antingen med varandra 
eller med andra metoder, för att ytterligare förbättra kunskapen om Östersjöns gråsälar. 
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Introduction 
Information about the structure and function of an ecosystem is fundamental for responsible 
management and sustainable resource use. Knowledge of the feeding habits of top-level 
predators is essential for understanding their predatory role. This thesis examines different 
methods applicable to the assessment of foraging ecology of marine mammals. The work is 
focused on the dietary patterns and prey consumption of the grey seal (Halichoerus grypus), an 
essential top predator in the Baltic Sea. 
 
Diet and foraging ecology of marine mammals 
Marine mammals are major consumers of prey, feeding to a large extent at the ecosystem top-
level (Pauly et al., 1998), and understanding of their feeding patterns is fundamental for 
quantitative assessments of trophic interactions. Being predators at the top of the food web, 
marine mammals are also integral components and important indicator species in the ecosystem. 
For example, dietary data can be used to monitor changes in commercial as well as un-exploited 
fish stocks. 

 
Ecosystem assessments 
Understanding of the dynamics in most marine ecosystems is limited, causing increasing 
demands on ecosystem based assessment and multi-species based fisheries management. As a 
consequence, the so-called ecosystem approach has been introduced in several ecosystems lately. 
Marine top-level predators may have impact on the structure of marine ecosystems (Paper III and 
references therein). However, the adequacy of including the impact of a predator, e.g. the grey 
seal, in a multi-species model, such as a fisheries management model, will depend on the quality 
of the estimated consumption of prey species. From a general point of view, better data on the 
feeding patterns of top-level predators are needed in multi-species ecosystem models. Examples 
of removals of top-level marine predators show that the predatory impact of marine mammals is 
more evident in simple, short-chain, food webs than in more complex, long-chained food webs 
(e.g. Beddington and May, 1982, Estes and Duggins, 1995, Trites, 1997, Roppel, 1984, Parsons, 
1992). This motivates assessments of the predatory role of grey seals in the relatively simple 
Baltic food web further.   

 
Interactions with fish stocks 
Data on diet and prey consumption of a predator are needed in order to estimate the predatory 
impacts on various species, e.g. whether a predator population can prevent an over-exploited 
species to recover. Information about the prey preferences and feeding patterns is also of 
relevance for understanding of the responses of the predator population to environmental 
changes. For example, dietary variation in response to fluctuations in abundance, species 
composition, sizes and energy contents of prey items provide insights into how the populations 
of predators are influenced by changes in quality and availability of prey. Even though predatory 
fish are generally considered as one of the largest consumers of fish, consumption by marine 
mammals can be substantial, even exceeding commercial catches, and has been suggested to 
have impact on commercial fish stocks (e.g. Li et al., 2010, Power and Gregoire, 1978, Hollowed 
et al., 2000, Overholtz et al., 2008, Beverton, 1985, Yodzis, 2001, Trites et al., 1997). 
Nevertheless, the interactions with other top-level predators and environmental factors are 
complex and often unknown (Bax, 1998, Furness, 2002, Overholtz and Link, 2007, Christensen, 
1996). Vice versa, relationships between population parameters (e.g. population size, body 
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condition, breeding success) of marine top predators and changes in abundance and quality of 
food have been found in many regions, including the Baltic Sea, reviewed by Österblom et al. 
(2008). Reduction in food quality and nutrient deficiency have been suggested as critical factors 
to the population decline of Steller sea lions (Eumetopias jubatus) in the North Pacific (Rosen 
and Trites, 2005, Merrick et al., 1997, Trites et al., 2007b, Wolf et al., 2006, Calkins et al., 1998, 
Rosen and Trites, 2000).  
 
Not only can the concerns of resource users and conservationists come into conflict, but also can 
the conservation and management objectives of both a predator and its prey species be 
incompatible. An example of this may be the issue of grey seals and cod in the Baltic Sea 
(Österblom et al. 2007, Hansson et al. 2007). Quantitative information on the removal of fish by 
top-level predators is thus essential for assessments of the mutual relationships between 
predators and their prey stocks. Even prey species that do not constitute the bulk of the diet may 
be affected by a predator if the predation is focused in small areas or on depressed species 
(Wright et al., 2007, Yurk and Trites, 2000, Butler et al., 2006). Inclusion of fish removal by 
marine mammals may also benefit fish-stock assessments (Tyrrell et al., 2011, Hollowed et al., 
2000, Overholtz et al., 2008, Tjelmeland and Lindstrom, 2005). 

 
Interactions with fisheries 
Marine mammals are large and visible predators in the top of the food web, sometimes feeding 
on the same fish species that are exploited by commercial fisheries. The conflict between man 
and seals has thus been inevitable and has existed for a long time. Interactions between marine 
mammals and fisheries are reciprocal and can be divided into operational and ecological 
interactions. An operational interaction arises when a marine mammal cause damage to fishing 
gear, destroy or remove fishes from the catch, but also when a marine mammal is incidentally 
caught in a fishery operation. Ecological interactions arise when marine mammals and fisheries 
compete for the resource, either directly or indirectly via food web dynamics. Dispersal of fish 
parasites that use marine mammals in their cycles, e.g. the anisakid nematodes Pseudoterranova 
decipiens (sealworm) and Anisakis simplex (whaleworm), may reduce the commercial value of 
fish catches (McClelland, 2002) and is another example of indirect ecological interactions. 
 
Seals in the Baltic Sea 
Seals belong to the monophyletic group of marine carnivores entitled Pinnipedia. The pinnipeds 
consist of 34 extant species from three families: Phocidae (true or earless seals); Otariidae (sea 
lions and fur seals); and Odobenidae (walruses). Different species of phocid seals have 
successively colonised the Baltic basin since the deglaciation of the last ice age. Grey seals, 
together with the other two present species, ringed (Phoca hispida) and harbour (Phoca vitulina) 
seals, co-existed during a long period (thousands of years) with harp seals (Pagophilus 
groenlandicus) (Forstén and Alhonen, 1975, Ukkonen, 2002, Schmölcke, 2008, Härkönen et al., 
2005). The harp seal declined rapidly during the end of the Stone Age, probably due to extensive 
hunting, climatic changes, low genetic diversity and inter-specific competition, and then 
vanished from the area (Stora and Ericson, 2004, Bennike et al., 2008).  
 
The three species of seals inhabiting the Swedish Baltic coastline today have rather limited 
spatial overlaps. Harbour seals exist as one isolated population off the southeast coast 
(Kalmarsund) and one larger population in the South Western Baltic extending into the 
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Skagerrak. Ringed seals are limited to waters providing suitable ice conditions in the Gulf of 
Bothnia, Gulf of Finland and Bay of Riga. Grey seals are present in the entire Baltic Sea, but the 
majority of animals are found north of latitude 58◦N (Hiby et al., 2007).  

 
The Baltic grey seal 
Besides the Baltic population two other grey seal populations inhabit the north Atlantic. One in 
the northwest (Labrador to New England) and one in the northeast (from the Kola Peninsula to 
France, via Iceland, Norway, UK and Holland). The Baltic grey seal population is separated from 
the Atlantic populations not only spatially, but also in behaviour, genetics and morphology 
(Curry-Lindahl, 1970, Biuw and Karlsson, 2003, Graves et al., 2008, Boskovic et al., 1996, 
Davies, 1957). 
 
The grey seal is the most numerous and largest of the Baltic seals. The species exhibit sexual 
dimorphism where males grow larger than females and can reach a weight of almost 300 kg and 
200 kg, respectively. The size of the Baltic grey seal population has fluctuated greatly, from an 
estimated number of about 88,000-100,000 animals in the early 1900s to a few thousand in the 
late 1970s (Hårding and Härkönen, 1999).The decrease in population size was a result of intense 
hunting and reduced reproduction caused by environmental toxins (Helle et al., 1976b, Helle et 
al., 1976a). The Baltic ringed seal decreased in a similar way during the last century, from about 
200,000 to 5,000 animals (Hårding and Härkönen, 1999). Protective measures and bans on 
hunting and use of PCBs and DDTs during the 1970s and 1980s had positive effects on the seal 
population, causing a recovery in health and number of animals during the last decades 
(Bergman, 1999, Bäcklin et al., 2011). In 2004 the population size was estimated to 20,875 seals 
(Hiby et al., 2007). The population size of both grey and ringed seals in Swedish waters have 
continued to increase the last years. The number of counted animals during the annual survey in 
2010 was about 23,000 grey seals in the entire Baltic Sea, and about 6,500 ringed seals in the 
Gulf of Bothnia (Härkönen et al., 2011). 

 
Life cycle and behaviour 
Grey seals spend much time in open water, with regular visits to certain haulouts for rest 
(McConnell et al. 1992, Goulet et al. 2001, Sjöberg and Ball 2000, Sjöberg et al. 1999). 
Prolonged times ashore or on ice only occur during the reproduction and moulting periods. Grey 
seals exhibit large degree of site fidelity, generally returning to the same haulout area after time 
at sea, and may even return to the same breeding place year after year (Pomeroy et al., 2000, 
Karlsson et al., 2005). Baltic grey seals generally breed in late February and early March, on ice 
or on land. The pups are nursed 2-3 weeks. Mating takes place at the end of lactation and 
thereafter the mother abandons the offspring. Moulting generally occur in late May and early 
June, when the animals spend much time on land to maintain a high skin temperature (Bonner, 
1981, Feltz and Fay, 1966, Boily and Lavigne, 1996). It is during the moult, when the majority 
of the animals haul out, that the annual counting surveys occur to monitor trends in population 
size and distribution. The food intake is limited during breeding and moulting (Bonner, 1981, 
Mellish et al., 2000, Lidgard et al., 2005). After reproduction and moult the seals spend much 
time foraging at sea, to replenish their food reserves and rebuild the blubber layer until next 
season (McConnell et al., 1999, Sjöberg and Ball, 2000, Breed et al., 2011). 
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Despite their capacity of long-distance movements (Bjorge et al., 2002, Goulet et al., 2001, 
Sjöberg et al., 1995, McConnell et al., 1992, McConnell et al., 1999, Thompson et al., 1991, 
Thompson et al., 1996), Baltic grey seals seem to spend most of the time in the vicinity of their 
haulouts (Sjöberg and Ball 2000). Baltic grey seals have been shown to carry out most dives less 
than 50 m, and prefer certain areas (Sjöberg and Ball 2000), i.e. they do not seem to use areas 
around halouts symmetrically, as typical central place foragers.  
 
Interactions and conflicts with fisheries 
Interactions between seals and fisheries have probably occurred for as long as fishery operations 
have been carried out. Documented records of conflicts between seals and fisheries from the 
Baltic Sea date from as early as the 17th century (Broman, 1954). However, seals have 
historically been considered as an important resource as much as a nuisance. Products from seals 
generated oil, pelt, food and tools to coastal inhabitants in the Baltic region since pre-historic 
times (Clark, 1946). The seals have also been regarded as an important income. Bounty 
payments for killed seals were handed out by Swedish authorities already during the 19th century 
until the 1970s. However, during the 20th century the profitability of seal products decreased and 
commercial fisheries became more effective and intense. As a consequence the view of seals in 
the coastal communities shifted, from being a resource to a pest, during the latter part of the last 
century. Although nowadays limited in both size and financial importance, the Swedish coastal 
fishery has been important for many coastal communities. However, following declining fish 
stocks, decreased profitability, changed consumer behaviour, increasing seal-induced damage to 
catch and gear and increasing seal stocks, the conflicts with grey seals has been considerable 
during recent decades (Bruckmeier and Larsen, 2008, Westerberg et al., 2000, Kauppinen et al., 
2005, Jounela et al., 2006, Suuronen et al., 2006, Königson et al., 2007, Fjälling, 2005, 
Varjopuro, 2011).  
 
 
Study area, the Baltic Sea 
The Baltic Sea is a semi-enclosed shallow body of brackish water, consisting of several sub-
basins, with an approximate surface area of 4 x 105 km2. Large quantities of freshwater from 
discharging rivers mix with sea water entering the basin through the Sound (Öresund) and the 
Danish Belts (Ojaveer et al., 2010). As a consequence, the species diversity is limited with a 
mixture of marine and freshwater aquatic organisms adapted to the brackish conditions. The 
number of species decrease consequential with the salinity gradient from the more saline (less 
than 10 PSU) southwestern region to the freshwater-like (about 2 PSU) conditions in the north, 
and the inner parts are generally characterised by freshwater species (Kullenberg, 1981, Ojaveer 
et al., 1981). 
 
The Baltic Sea has undergone large-scale environmental changes during the 20th century, 
Beginning as an oligotrophic ecosystem, dominated by marine mammal top predators, there was 
a shift from seal to cod domination during the first half of the century, and yet another shift to a 
clupeid (sprat and herring) dominated ecosystem in the late 1980s (e.g. Österblom et al., 2007). 
The sizes of commercial fish stocks responded to drastically decreased marine mammal 
populations, eutrophication, changing oceanographic conditions and intense fisheries (Hårding 
and Härkönen, 1999, Elmgren, 1989, Thurow, 1997, MacKenzie et al., 2002, Alheit et al., 2005). 
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Aims of the thesis  
The purpose of this thesis is to elaborate applicable methods for assessments of feeding habits 
and prey consumption of marine top-level predators, and to present the prey consumption of grey 
seals in the Baltic Sea. Based on the results, implications and recommendations for future work 
are suggested. The main topics are: (i) Accounting for biases caused by digestive erosion and 
unrepresentative sampling to be able to describe the diet adequately; (ii) Implementation of a 
consumption model for assessments of the predatory role of Baltic grey seals; (iii) Quantification 
of the uncertainties in the estimates of diet composition and prey consumption; (iv) Assessment 
of the use of additional methodology (fatty acid signature analysis) to improve the data on 
feeding ecology.  
 
 
Estimating feeding patterns of marine mammals 
Different methods can be used to collect dietary data from marine mammals. Foraging typically 
takes place below sea surface at different spatial and temporal scales. Due to difficulties in direct 
measurements of feeding patterns and prey consumption, indirect methods are used to produce 
quantitative estimates. The following section describes the basis of the methods used: analysis of 
prey remains in digestive tracts (Papers I and II); analysis of fatty acids (Papers IV and V); 
bioenergetic modelling and estimation of prey consumption (Paper III). In addition, 
complementary methods using stable isotopes, prey-DNA remains and biotelemetry are also 
described briefly. 
 
Robust prey remains from faecal scats and digestive tracts 
Traditional studies of the diet of marine mammals rely on analysis of undigested prey remains 
identified in faecal scats or digestive tracts (e.g. Pierce and Boyle, 1991). Provided that suitable 
haulout sites are accessible, collection and analysis of faecal scats can be an effective method to 
analyse dietary patterns of pinnipeds. However, this method lacks individual data connected to 
the examined samples (e.g. age, sex, health status and number of individuals that were the cause 
of the collected scats), and may be biased towards animals that forage close to the haulout and/or 
visit the haulout site more frequently. On the contrary, analysis of digestive tract contents 
provides individual information about the examined animals, but this method can be limited by 
obtainable sample size and impact on the population (in forms of dead animals). Additionally, 
animals collected from fisheries operations may be biased towards the target species of particular 
fisheries (Pierce et al., 1991). Nevertheless, the use of hard parts of prey, such as otoliths and 
vertebrae, facilitates estimation of species and size of ingested prey items. Skeletal prey remains 
can to a varying degree be determined to species or a higher taxonomic level by means of 
identification keys and reference material, whereas prey size can be estimated by the use of 
regression equations that convert the size of the prey remain to the length and weight of the 
consumed fish (e.g. Härkönen, 1986, Watt et al., 1997, Leopold et al., 2001). Limitations of the 
use of undigested prey remains in dietary assessments is that only a snapshot picture of the last 
meals is provided and that the methodology is dependent on ingestion of identifiable robust hard 
parts, i.e. cases when no hard parts are eaten are not considered. Moreover, digestive erosion 
affects both the sizes and numbers of obtained prey remains, which may lead to biased estimates 
of diet composition and prey consumption (e.g. Jobling and Breiby, 1986, Christiansen et al., 
2005, Harvey, 1989, Tollit et al., 1997, Bowen, 2000, Grellier and Hammond, 2006). 
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Fatty acid signature analysis  
Fatty acid signature analysis (FASA) is a relatively new technique that can be used to overcome 
some of the limitations of conventional dietary analysis (e.g. Iverson, 1993, Budge et al., 2006). 
FASA is applicable irrespective of identifiable robust prey remains, i.e. also cases when only soft 
tissues are consumed will be regarded. In fact, this method does not depend on the collection of 
digestive tracts or faecal scats, which is of particular interest for studies of free-ranging animals 
at sea (e.g. whales). The basis of FASA is the diversity of long-chain (between 14 and 24 carbon 
atoms) FAs available in the marine ecosystem and the characteristic FA patterns of different 
organisms. Specific prey FAs enter the circulation intact and are incorporated in the blubber of 
marine mammals with little modification. Hence, the blubber FA composition in the predator 
will depend on the FA composition of its diet (e.g. Kirsch et al., 1998, Iverson et al., 2004, 
Budge et al., 2006, Iverson et al., 2007, Iverson et al., 1995). The method provides dietary 
information integrated over space and time, and can be used both qualitatively and 
quantitatively. Qualitative information is gained by analysing the FA variability for comparison 
of patterns in foraging ecology among species, population segments, areas or time periods (e.g. 
Budge et al., 2008, Thiemann and Iverson, 2007, Thiemann et al., 2008, Beck et al., 2007b, 
Walton and Pomeroy, 2003, Walton et al., 2000, Käkelä et al., 1993, Strandberg et al., 2011, 
Cooper et al., 2009, Meynier et al., 2008). The quantitative application is to get more specific 
dietary information, by comparing the blubber FA composition to the FA composition of 
potential prey species (Iverson et al., 2004, Beck et al., 2007a, Nordstrom et al., 2008, Iverson et 
al., 2007, Tucker et al., 2008, Meynier et al., 2010, Tucker et al., 2009, Wang et al., 2010). 
However, FASA reveals less detailed dietary information than conventional hard-part analysis 
and quantitative interpretation of the complexity of the FA signatures demands statistical 
modelling, in combination with knowledge on predator FA metabolism and the FA signatures of 
prey species (Iverson et al., 2004, Käkelä et al., 2009, Käkelä et al., 2010). 
 
Bioenergetic modelling and estimation of prey consumption 
Knowing the diet composition and energy contents of comprised prey species, the prey 
consumption of a predator can be estimated from its energy balance. Combined with the size and 
structure of the population, the energy requirement and prey consumption of individuals can be 
extended to the population level by using bioenergetic modelling. Consumption models, ranging 
from simple to more detailed equations, are commonly used in studies of marine mammal prey 
consumption and ecosystem dynamics (e.g. Boyd, 2002, Folkow et al., 2000, Hammill and 
Stenson, 2000, Mecenero et al., 2006, Mohn and Bowen, 1996, Nilssen et al., 2000, Noren, 2011, 
Olesiuk, 1993, Winship et al., 2002, Trzcinski et al., 2006).  
 
Additional methods 
Similar to FASA, results from stable isotope analysis are integrated over space and time. This 
technique can be applied to obtain information about the trophic relationships in an ecosystem as 
well as foraging habitat and region of the predator, but detailed information about the species 
composition of the diet is more limited (e.g. Hobson, 1999, Cherel et al., 2008, Hobson et al., 
1997, Huckstadt et al., 2007, Zhao et al., 2004, Lesage et al., 2001, Angerbjorn et al., 2006, 
Bearhop et al., 2004). Genetic analysis of prey remains from digestive tracts and faecal 
droppings can be used to reveal information about consumed prey species. The advantage of 
using DNA technique to identify prey species is that it provides objective information and, just 
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as FASA and stable isotope analysis, is independent of consumed prey hard parts. However, this 
technique does not give any information of the size of the consumed prey items (e.g. Marshall et 
al., 2010, Bowles et al., 2011, Deagle et al., 2007, Deagle and Tollit, 2007, Parsons et al., 2005, 
Tollit et al., 2009). Telemetry systems using acoustic tags, radio transmitters or the global 
positioning system (GPS) in combination with data loggers can provide essential data on the 
movement patterns and foraging habitats of free-ranging marine mammals. Systems can be 
developed to collect also physiological and oceanographic variables and even visual observations 
(e.g. Simpkins et al., 2001, McConnell et al., 1999, Sjöberg and Ball, 2000, Le Boeuf et al., 
2000, Thompson et al., 1996, Suryan and Harvey, 1998, Bowen et al., 2002, Davis et al., 1999, 
Parrish et al., 2008, Hooker et al., 2002, Hooker and Boyd, 2003, Austin et al., 2006, Greaves et 
al., 2004, Biuw et al., 2007). Direct visual observations (Stanley and Shaffer, 1995, Jeffries et al., 
2000, Wright et al., 2007) and serological methods (Pierce et al., 1990b, Pierce et al., 1990a, 
Boyle et al., 1990) have also been used in dietary assessments of marine mammals.  
 
 
Papers in brief 
Dietary data were obtained from 299 grey seals collected in the Baltic Sea between year 2001 
and 2005. The diet composition and fish removal by Baltic grey seals was estimated from 
digestive tract contents and bioenergetic modelling (Papers I, II and III). Feeding patterns 
obtained from conventional dietary methodology were compared to the variability in blubber FA 
composition, and the FA characteristics of important prey species were examined (Papers IV and 
V). The studies and their outcomes are presented briefly in the following paragraphs.  
 
Accounting for the digestive erosion of prey remains (Paper I) 
Using a material consisting of the digestive tract contents of 145 grey seals collected between 
2001 and 2004, we evaluated the use of different dietary methods to estimate the diet 
composition and compensate for biases introduced by digestive erosion. We used additional 
hard-part structures other than otoliths to increase the detection level of prey items. Species- and 
erosion-class specific numerical and size correction factors (NCF; SCF) were used to 
compensate for digestive erosion of numbers and sizes of otoliths. The SCFs were calculated 
from the average size ratio of otoliths from the different erosion classes, whereas the NCFs were 
generated from a relationship between otolith size and recovery rate from feeding studies of 
captive seals. We estimated both numerical and biomass contribution of the different prey 
species, either by weighting each seal in proportion to the total prey biomass in its digestive tract 
(pooled data), or by giving each seal the same weight independently of its total content (seal 
weighted). 

 
The differences in diet composition between estimates with and without numerical correction 
were relatively small, but the proportion of prey species with small otoliths (and large numerical 
correction factors) increased, in relation to species with larger otoliths. When pooling the data 
the estimated diet composition will be dominated by seals containing large quantities of 
consumed prey, whereas in the seal-weighted model each seal contributes equally which seems 
to smooth out the diet composition, making rare species more important. By using all hard parts 
the number of identifiable prey items increased, and resulted in higher estimates of the number 
and biomass contributions of cyprinids, salmon, trout and sculpins. For large prey items (e.g. 
salmon), if the seals do not eat the head of the fish, using other structures than otoliths will 
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improve the estimated diet composition. The application of SCFs had impact on the size 
distribution of consumed prey, with a shift towards larger, and consequently older, individuals 
and an increase in size overlap with commercially important fish. 
 
This was the first description of the diet of grey seals in Swedish waters since the 1970s 
(Söderberg, 1972, Söderberg, 1975). Although the results differed, dependent on the choice of 
dietary estimation method, the general pattern was that herring dominated the diet, followed by 
common whitefish, sprat, cyprinids, salmonids (Salmo spp.), eelpout and flounder. In addition, 
the results indicated dietary differences both between age groups and between the Gulf of 
Bothnia and the Baltic Proper. 

 
 
Assessing how the estimated diet relates to extrinsic and intrinsic factors (Paper II) 
Besides digestive erosion of digestive tract contents (Paper I), other important sources of error in 
dietary assessments of marine mammals are linked to sampling schemes. Random sampling is 
often hard to achieve, which may lead to skewed sample distribution among, for example, age 
groups, areas and seasons. We assessed the effects of various external factors that could affect 
dietary estimates, using multivariate ordination techniques. The diet was estimated based on the 
mean of the biomass values obtained from the two different methods in Paper I, using all hard 
parts and application of correction factors, respectively. For more appropriate estimations of 
length and weight of prey items we generated regression equations for cod, common whitefish, 
herring and sprat based on fish specimens collected in the Baltic Sea. 

 
The diet differed significantly between the northern and southern Baltic (Figures 1 and 2), 
probably to a large extent caused by the distinct salinity gradient and accompanying changes in 
prey species composition. Herring dominated the diet in all areas, followed by sprat in the south 
and common whitefish in the north. The diet composition of pups was characterized by more 
small, non-commercial species such as sandeels and viviparous blenny, and differed significantly 
from the diet of juveniles and adults. The diet of juveniles and adults, on the other hand, was 
characterized by more cod, cyprinids, salmon, and trout (Figures 1 and 2). Herring, common 
whitefish, and sprat were common prey among all age groups. The diet composition of seals not 
collected from fishing gear differed significantly from the diet of seals collected from both eel 
traps and salmonid gear. Hence, the sampling condition actually does seem to affect the 
estimated diet. The main differences found seemed however to be the relative increase in the 
abundance of herring in samples not collected from fishing gear, rather than which species the 
gear was primarily targeting. No support for dietary differences related to season, sex was found. 
Together with Paper I, this study established an increased importance of herring and sprat in the 
diet of Baltic grey seals since the late 1960s and early 1970s, while the importance of cod had 
decreased.  
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Figure 1. Estimated biomass proportions of prey species in the grey seal diet in the Baltic Proper 
in 2001-2005, in relation to age groups. A: pups; B: juveniles and adults.  
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Figure 2. Estimated biomass proportions of prey species in the grey seal diet in the Gulf of 
Bothnia in 2001-2005, in relation to age groups. A: pups; B: juveniles and adults.  
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The uncertainty of the estimated dietary composition was quantified by bootstrap calculation of 
confidence intervals. The limited sample size and consequential large uncertainties in the 
estimates of more rare prey species indicate that more material is desirable to achieve a more 
detailed description of the diet. We propose that efforts are made to achieve a balanced and 
representative sampling of seals in terms of age group, area, and sampling condition, taking into 
account both latitudinal and inshore–offshore gradients. 

 
 
Estimation of energy requirement and prey consumption (Paper III) 
The conflicts between grey seals and fisheries have become more intense during the last decades, 
mainly because of damaged catch and fishing gear, but also because of potential competition for 
the fish resource.  Based on estimates of diet composition, energy requirement, population size, 
population structure and prey energy contents, we quantified the magnitude of grey seal 
predation in terms of biomass of different prey species in the Baltic Sea in 2004. We also 
calculated uncertainty limits of the consumption and compared the length distribution of prey 
items in the seal diet with length distribution of commercial catches. 
 
 On a larger spatial scale (the Baltic Sea), the seal consumption was negligible to commercial 
catches. Regionally, however, the consumed fish biomass seemed to be of the same magnitude as 
fishery catches, or even larger, for some species. The estimated consumption of common 
whitefish, salmon, trout, cod and eel indicated potential competition with fisheries and possible 
effects on the fish populations that should be investigated further. 
 
 In terms of length distribution there was an evident overlap between commercial landings and 
grey seal predation, especially for herring and sprat, of which the grey seal predation was 
directed towards larger prey items. The similar magnitudes of fish removal by fisheries and seals, 
in combination with overlap in preferred prey sizes, indicate a competition between grey seals 
and the fishing industry. However, uncertainty levels were large and more data are needed to be 
able to generate a refined consumption model and more detailed quantification of prey 
consumption. We recommend continuous monitoring of size, distribution, structure and feeding 
habits of the Baltic grey seal population. In combination with additional information on activity 
budgets and energy requirements of grey seals, as well as prey energy contents, a more detailed 
prey consumption model could be applied. 
 
Nevertheless, the consumption model presented in this study constitutes a starting point for 
further assessments of the predatory role of Baltic grey seals, and possible competition between 
grey seals and fisheries in the Baltic Sea. 
 
 
Foraging ecology of Baltic grey seals assessed by fatty acid signature analysis (Paper IV) 
Fatty acid signature analysis (FASA) can be a useful tool in assessments of foraging ecology, 
particularly in wide-ranging animals where dietary data generally are limited and hard to obtain. 
In this study we examined the FA composition in grey seal blubber samples from 154 animals 
collected in the Baltic Sea between 2001 and 2005. We compared the feeding patterns assessed 
from FASA with results obtained from conventional analysis of prey remains found in digestive 
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tracts (Paper II). The differences in FA composition related to area, age and sex were statistically 
significant, supporting to a large extent the feeding patterns that have been found using 
conventional methodology (Paper II). No differences related to season or method of collection 
were found. The general blubber FA composition differed from that of marine seal populations 
and could be related to brackish and freshwater environments. Our results support the high 
proportion of herring in the grey seal diet as has been shown using conventional analysis of prey 
choice (Papers I and II).  
 
Due to the small number and unbalanced geographic age distribution of samples in this study, we 
stress the importance of collecting and analysing a larger material, particularly from the 
intermediate central areas, to study geographic differences in diet and foraging ecology in more 
detail. Nevertheless, this study supports the application of FASA to obtain a long-term picture of 
the feeding habits of marine top-level predators, not relying on identifiable prey remains. Results 
based on FA signatures need, however, to be combined with conventional methodology as well 
as additional techniques, such as DNA, stable isotopes, QFASA and biotelemetry, to obtain a 
more comprehensive picture of the diet and foraging ecology. 
 
 
Distinction and characteristics of fish species in the Baltic Sea based on fatty acid composition 
(V) 
This study presents the FA composition and fat content of 21 fish species that are potential prey 
species of grey seals (Papers I and II) and other top-level predators in the Baltic Sea. We 
examined how different fish species could be distinguished based on their FA composition and 
how the intra-specific FA variation related to different areas within the Baltic Sea. The overlap in 
FA composition among species was relatively large, but inter-specific differences became more 
evident when the data were transformed. Within-species differences between the Gulf of Bothnia 
and the Baltic Proper were significant and even exceeded the inter-specific variation in some 
species. The distinct geographic differences in FA composition in the analysed fish specimens 
manifest the importance of considering feeding areas and spatial movements of fish eating 
predators in ecological assessments based on FASA in the Baltic Sea.  
 
For a more detailed interpretation of FA patterns of Baltic piscivores and application of FASA in 
quantitative estimates of the diet composition (QFASA), additional background data on the 
variability of FA signatures are needed. A FA library of prey species consisting of a larger 
material from a wide range of species and size classes, including temporal and geographic 
variation, is needed for better understanding of the FA patterns in the Baltic Sea.  
 
 
Future perspectives 
The results of this study can be regarded a basis of grey seal diet in the Baltic Sea in the early 
2000s, available for future comparisons. Studying the diet of over time increases the 
understanding of not only the seal population, but also the Baltic Sea ecosystem. Dietary studies 
are one way to monitor environmental changes and large-scale ecosystem transformations at 
different spatial and temporal scales, e.g. alterations in prey-species abundances, quality of food, 
climate effects and health status. Monitoring fish stock fluctuations and environmental changes 
in marine ecosystems has been suggested and used for seabirds (e.g. Iverson et al., 2007, 
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Robinette et al., 2007, Piatt et al., 2007, Montevecchi, 2007, Bost et al., 2008, Mallory et al., 
2010, Cairns, 1992) as well as marine mammals (Trites et al., 2007a, Riemer et al., 2011, 
Bredesen et al., 2006, Sinclair et al., 2008, Sinclair and Zeppelin, 2002, Laidre et al., 2008). 
Thus, long-term monitoring of dietary patterns of a top-level predator may provide early warning 
signals of large-scale environmental changes affecting the predator population as well as fish 
stocks. Grey seal is a suitable indicator species of the Baltic Sea, and a relatively large number of 
animals are collected on annual basis.  
 
 
Conclusion 
I present a comprehensive use of dietary information from grey seals collected from hunt and 
fishery operations in the Baltic Sea. The methods used constitute a useful compilation of 
techniques that can be applied in assessments of dietary patterns and ecological roles of marine 
mammals. Each method has its limitations, but also potential for improvement. As the Baltic Sea 
ecosystem has undergone large-scale changes during the last decades, in combination with high 
fishing pressures and fluctuating seal populations, I recommend continuous assessments of the 
diet and foraging ecology of Baltic grey seals. A strategic scheme should be developed to include 
collection and analysis of long-term dietary data in the regular monitoring of health-status of 
Baltic seals coordinated by the Swedish Museum of Natural History. With additional collection 
of samples (e.g. faecal scats in areas of particular interest) and the combination of conventional 
dietary analysis with biochemical methods and biotelemetry studies, a more detailed picture of 
the feeding patterns of grey seals as well as changes in the ecosystem could be acquired, at 
different spatial and temporal scales.  
 
 



 20

Acknowledgements 
Arbetet med den här avhandlingen låg under en längre tid vilande. Av olika anledningar, och inte 
enbart i väntan på bättre tider. Att avhandlingen till slut blev färdig har jag, förutom mig själv, 
främst Olle Karlsson och Teija Aho att tacka för. Olle, min handledare, bidrog med sin 
framåtdrivande lugna vänskap, uppmuntrande förståelse och inspirerande kunskaper. Du väckte 
också avund med dina strapatser söderöver och överraskade som postpunkkonnässör. Synd att vi 
inte träffas oftare, tur att vi fortsätter arbeta tillsammans. Teija, du lyssnade på mina idéer, insåg 
vikten av feedback och långsiktighet samt försåg mig med GD, motivation, förtroende och tid. 
Tack även för förträffligt sällskap bland norrländska klurigheter och Helsingfors bakgator. Synd 
att vi inte träffas oftare, tur att vi fortsätter arbeta tillsammans. En annan Olle som betytt mycket 
är dito Hjerne. Du har bidragit med assisterande handledning, förbättrande analyser och 
kommentarer samt nattlig programmering. Du tog dig tid till engagerade granskningar och 
lyckades alltid se på våra arbeten med kritiska och konstruktiva ögon. Utan dig hade arbetet inte 
nått lika långt. Synd att vi inte träffas oftare, men jag hoppas att vi fortsätter vårt samarbete. 
Sven-Gunnar Lunneryd bidrog till arbetet med avhandlingen i ett tidigare skede och underlättade 
kontakter med fiskare och insamling av prover. Jag vill även tacka Håkan Westerberg för att du 
beredde en väg in till arbetet med sälfrågor, via ålar, teknisk kringutrustning, reconciliation 
action plans och Goran Bregovic.    
 
I samband med vistelserna på Tjärnö marinbiologiska laboratorium bättrades tillvaron på av 
bland andra Lars, Lena, Helena, Mia, Tuuli, Sara, Totte, Hans G, Bertil, Benno och Göran. Karin 
och Maria muntrade upp och effektiviserade genomgången av alla sälmagar.  
 
På Fiskeriverkets huvudkontor i Göteborg livades världen upp av Stig, Charlott, Ingvar, Malin A, 
Patrik, Åsa, Karin & Martin, Elle, David, Ingmar, Fredrik och Anna. Deltagare som kom och 
gick, och till och med stannade, inom alla Sälar&Fiske-projekt. Ni hjälpte till med att skapa 
roliga vistelser i fält, samt en och annan nattklubbseskapad. Även om detaljerna bitvis är suddiga 
minns jag er väl: Sara, Malin, Arne, Maria, Fredrik, Mikael, Dan och David.  
 
Personalen på Naturhistoriska riksmuseets enhet för miljögiftsforskning var alltid välkomnande 
och trevlig att träffa och samarbeta med. Dessutom bidrog ni med alla sälprover och ovärderlig 
bakgrundsinformation. Lotta, Britt-Marie, Ylva, Anna, Maria, Annika och Tero, jag tror att vi 
har skapat förutsättningar för ett långvarigt samarbete.  
 
I och med att jag så smått börjar lära mig konsten att sitta på två kontorsstolar på samma gång 
vill jag tacka alla kollegor för den inspirerande, vänliga, uppsluppna och lindrigt befängda 
atmosfär ni skapar, både på Havsfiskelaboratoriet i Lysekil och på Kustlaboratoriet i Öregrund. 
Tack till Jocke för att du tog emot mig på Hlab. Tack till Mikaela för att du gav mig möjlighet att 
färdigställa avhandlingen, och att du dessutom förgyllde junimorgnarna på potatisupptagaren på 
Bjärehalvön i slutet av 80-talet.  
 
Jag uppskattar även all den hjälp jag fått av Britta Carlström, Eva Sers samt 
universitetsbiblioteken på GU och SLU för att få fram alla gamla vetenskapliga artiklar. Tack till 
familjen Westlund i Skärså för lärorik, god och väldigt trevligt bemötande och sällskap. Tack till 
mina examinatorer Rutger Rosenberg och Kristina Sundbäck. Ni bidrog med uppmuntran och 



 21

Kristina tog sig an min avslutande termin och guidade mig genom universitetsvärldens 
disputationspraxis, vilket underlättade betydligt. 
 
Det allra största stödet och den mesta uppmuntran har emellertid kommit från min familj. Detta 
kunde visa sig på olika sätt. Marie, du gav mig möjlighet att jobba ostört under slutskedet och 
utan din förståelse och ditt tålamod hade det aldrig gått. Dessutom förbättrade du text och layout. 
Anja, Signe och Hillevi, ni undrade varför jag i hela fridens namn skulle sitta och jobba ostört 
när jag istället kunde komma en trappa upp och leka. Fortsätt så, jag älskar er.  



 22

References 
Alheit, J., Mollmann, C., Dutz, J., Kornilovs, G., Loewe, P., Mohrholz, V., and Wasmund, N. 

2005. Synchronous ecological regime shifts in the central Baltic and the North Sea in the 
late 1980s. Ices Journal of Marine Science, 62: 1205-1215. 

Angerbjorn, A., Borjesson, P., and Brandberg, K. 2006. Stable isotope analysis of harbour 
porpoises and their prey from the Baltic and Kattegat/Skagerrak Seas. Marine Biology 
Research, 2: 411-419. 

Austin, D., Bowen, W. D., McMillan, J. I., and Boness, D. J. 2006. Stomach temperature 
telemetry reveals temporal patterns of foraging success in a free-ranging marine mammal. 
Journal of Animal Ecology, 75: 408-420. 

Bax, N. J. 1998. The significance and prediction of predation in marine fisheries. Ices Journal of 
Marine Science, 55: 997-1030. 

Bearhop, S., Adams, C. E., Waldron, S., Fuller, R. A., and Macleod, H. 2004. Determining 
trophic niche width: a novel approach using stable isotope analysis. Journal of Animal 
Ecology, 73: 1007-1012. 

Beck, C. A., Iverson, S. J., Bowen, W. D., and Blanchard, W. 2007a. Sex differences in grey seal 
diet reflect seasonal variation in foraging behaviour and reproductive expenditure: 
evidence from quantitative fatty acid signature analysis. Journal of Animal Ecology, 76: 
490-502. 

Beck, C. A., Rea, L. D., Iverson, S. J., Kennish, J. M., Pitcher, K. W., and Fadely, B. S. 2007b. 
Blubber fatty acid profiles reveal regional, seasonal, age-class and sex differences in the 
diet of young Steller sea lions in Alaska. Marine Ecology-Progress Series, 338: 269-280. 

Beddington, J. R., and May, R. M. 1982. The harvesting of interacting species in a natural 
ecosystem. Scientific American, 247: 42-49. 

Bennike, O., Rasmussen, P., and Aaris-Sorensen, K. 2008. The harp seal (Phoca groenlandica 
Erxleben) in Denmark, southern Scandinavia, during the Holocene. Boreas, 37: 263-272. 

Bergman, A. 1999. Health condition of the Baltic grey seal (Halichoerus grypus) during two 
decades. APMIS, 107: 270-282. 

Beverton, R. J. H. 1985. Analysis of marine mammal-fisheries interaction. In Marine mammals 
and fisheries. Edited by J. R. Beddington, R. J. H. Beverton and D. M. Lavigne. George 
Allen and Unwin Ltd, London: 3-33. 

Biuw, M., Boehme, L., Guinet, C., Hindell, M., Costa, D., Charrassin, J. B., Roquet, F., et al. 
2007. Variations in behavior and condition of a Southern Ocean top predator in relation 
to in situ oceanographic conditions. Proceedings of the National Academy of Sciences of 
the United States of America, 104: 13705-13710. 

Biuw, M., and Karlsson, O. 2003. Cranial morphometry and sexual dimorphism in grey seals 
(Halichoerus grypus) from the Baltic Sea and the British Isles In Population structure, 
movements and site fidelity of grey seals in the Baltic Sea. Ph.D. thesis, Department of 
Zoology, Stockholm University, Sweden. 16-26 

 
Bjorge, A., Oien, N., Hartvedt, S., Bothun, G., and Bekkby, T. 2002. Dispersal and bycatch 

mortality in gray, Halichoerus grypus, and harbor, Phoca vitulina, seals tagged at the 
Norwegian coast. Marine Mammal Science, 18: 963-976. 

Boily, P., and Lavigne, D. M. 1996. Thermoregulation of juvenile grey seals, Halichoerus 
grypus, in air. Canadian Journal of Zoology-Revue Canadienne De Zoologie, 74: 201-
208. 



 23

Bonner, W. N. 1981. Grey seal. In Handbook of marine mammals. Volume 2: seals. Edited by S. 
H. Ridgway and R. J. Harrison F. R. S. Academic Press, London.: 111-144. 

Boskovic, R., Kovacs, K. M., Hammill, M. O., and White, B. N. 1996. Geographic distribution 
of mitochondrial DNA haplotypes in grey seals (Halichoerus grypus). Canadian Journal 
of Zoology, 74: 1787-1796. 

Bost, C. A., Jaeger, A., Huin, W., Koubbi, P., Halsey, L. G., Hanuise, N., and Handrich, Y. 2008. 
Monitoring prey availability via data loggers deployed on seabirds: advances and present 
limitations. In K. Tsukamoto, T. Kawamura, T. Takeuchi, T. D. Beard, Jr. and M. J. 
Kaiser, eds. Fisheries for global welfare and environment, 5th world fisheries congress 
2008. 121-137. 

Bowen, W. D. 2000. Reconstruction of pinniped diets: accounting for complete digestion of 
otoliths and cephalopod beaks. Canadian Journal of Fisheries and Aquatic Sciences, 57: 
898-905. 

Bowen, W. D., Tully, D., Boness, D. J., Bulheier, B. M., and Marshall, G. J. 2002. Prey-
dependent foraging tactics and prey profitability in a marine mammal. Marine Ecology 
Progress Series, 244: 235-245. 

Bowles, E., Schulte, P. M., Tollit, D. J., Deagle, B. E., and Trites, A. W. 2011. Proportion of 
prey consumed can be determined from faecal DNA using real-time PCR. Molecular 
Ecology Resources. 

Boyd, I. L. 2002. Estimating food consumption of marine predators: Antarctic fur seals and 
macaroni penguins. Journal of Applied Ecology, 39: 103-119. 

Boyle, P. R., Pierce, G. J., and Diack, J. S. W. 1990. Sources of evidence for salmon in the diet 
of seals. Fisheries Research, 10: 137-150. 

Bredesen, E. L., Coombs, A. P., and Trites, A. W. 2006. Relationship between Steller sea lion 
diets and fish distributions in the eastern North Pacific. In A.W. Trites, S. Atkinson, D.P. 
DeMaster, L.W. Fritz, T.S. Gelatt, L.D. Rea and K. Wynne (eds), Sea Lions of the 
World. Alaska Sea Grant College Program, University of Alaska, Fairbanks.: 131-139. 

Breed, G. A., Bowen, W. D., and Leonard, M. L. 2011. Development of foraging strategies with 
age in a long-lived marine predator. Marine Ecology-Progress Series, 431: 267-279. 

Broman, O. J. 1954. Siälar. In Glysilvallur. Gestrike-Helsinge Nation i Upsala, Hudiksvall. 557-
570. 

Bruckmeier, K., and Larsen, C. H. 2008. Swedish coastal fisheries - From conflict mitigation to 
participatory management. Marine Policy, 32: 201-211. 

Budge, S. M., Iverson, S. J., and Koopman, H. N. 2006. Studying trophic ecology in marine 
ecosystems using fatty acids: A primer on analysis and interpretation. Marine Mammal 
Science, 22: 759-801. 

Budge, S. M., Springer, A. M., Iverson, S. J., Sheffield, G., and Rosa, C. 2008. Blubber fatty 
acid composition of bowhead whales, Balaena mysticetus: Implications for diet 
assessment and ecosystem monitoring. Journal of Experimental Marine Biology and 
Ecology, 359: 40-46. 

Butler, J. R. A., Middlemas, S. J., Graham, I. M., Thompson, P. M., and Armstrong, J. D. 2006. 
Modelling the impacts of removing seal predation from Atlantic salmon, Salmo salar, 
rivers in Scotland: a tool for targeting conflict resolution. Fisheries Management and 
Ecology, 13: 285-291. 



 24

Bäcklin, B. M., Moraeus, C., Roos, A., Eklof, E., and Lind, Y. 2011. Health and age and sex 
distributions of Baltic grey seals (Halichoerus grypus) collected from bycatch and hunt in 
the Gulf of Bothnia. Ices Journal of Marine Science, 68: 183-188. 

Cairns, D. K. 1992. Bridging the gap between ornithology and fisheries science: use of seabird 
data in stock assessment models. Condor, 94: 811-824. 

Calkins, D. G., Becker, E. F., and Pitcher, K. W. 1998. Reduced body size of female Steller sea 
lions from a declining population in the Gulf of Alaska. Marine Mammal Science, 14: 
232-244. 

Cherel, Y., Ducatez, S., Fontaine, C., Richard, P., and Guinet, C. 2008. Stable isotopes reveal the 
trophic position and mesopelagic fish diet of female southern elephant seals breeding on 
the Kerguelen Islands. Marine Ecology-Progress Series, 370: 239-247. 

Christensen, V. 1996. Managing fisheries involving predator and prey species. Reviews in Fish 
Biology and Fisheries, 6: 417-442. 

Christiansen, J. S., Gamst Moen, A.-G., Hansen, T. H., and Nilssen, K. T. 2005. Digestion of 
capelin, Mallotus villosus (Muller), herring, Clupea harengus L., and polar cod, 
Boreogadus saida (Lepechin), otoliths in a simulated seal stomach. Ices Journal of 
Marine Science, 62: 86-92. 

Clark, J. D. 1946. Seal-hunting in the stone age of north-western Europe: A study in economic 
prehistory§. Proceedings of the Prehistoric Society. London, 12: 12-48. 

Cooper, M. H., Budge, S. M., Springer, A. M., and Sheffield, G. 2009. Resource partitioning by 
sympatric pagophilic seals in Alaska: monitoring effects of climate variation with fatty 
acids. Polar Biology, 32: 1137-1145. 

Curry-Lindahl, K. 1970. Breeding biology of the Baltic grey seal (Halichoerus grypus). Der 
Zoologische Garten, 38: 16-29. 

Davies, J. L. 1957. The geography of the gray seal. Journal of Mammalogy, 38: 297-310. 
Davis, R. W., Fuiman, L. A., Williams, T. M., Collier, S. O., Hagey, W. P., Kanatous, S. B., 

Kohin, S., et al. 1999. Hunting behavior of a marine mammal beneath the Antarctic fast 
ice. Science, 283: 993-996. 

Deagle, B. E., Gales, N. J., Evans, K., Jarman, S. N., Robinson, S., Trebilco, R., and Hindell, M. 
A. 2007. Studiyng seabird diet through genetic analysis of faeces: a case study on 
Macaroni penguins (Eudyptes chrysolophus). PLoS ONE, 2. 

Deagle, B. E., and Tollit, D. J. 2007. Quantitative analysis of prey DNA in pinniped faeces: 
potential to estimate diet composition? Conservation Genetics, 8: 743-747. 

Elmgren, R. 1989. Man´s impact on the ecosystem of the Baltic Sea: energy flows today and at 
the turn of the century. Ambio, 18: 326-332. 

Estes, J. A., and Duggins, D. O. 1995. Sea otters and kelp forests in Alaska: generality and 
variation in a community ecological paradigm. Ecological Monographs, 65: 75-100. 

Feltz, E. T., and Fay, F. H. 1966. Thermal requirements in vitro of epidermal cells from seals. 
Cryobiology, 3: 261-&. 

Fjälling, A. 2005. The estimation of hidden seal-inflicted losses in the Baltic Sea set-trap salmon 
fisheries. Ices Journal of Marine Science, 62: 1630-1635. 

Folkow, L. P., Haug, T., Nilssen, K. T., and Nordoy, E. S. 2000. Estimated food consumption of 
minke whales Balaenoptera acutorostrata in Northeast Atlantic waters in 1992-1995. In 
Minke Whales, Harp and Hooded Seals: Major Predators in the North Atlantic 
Ecosystem, pp. 65-80. Ed. by G. A. VIKINGSSON, and F. O. KAPEL. 



 25

Forstén, A., and Alhonen, P. 1975. The subfossil seals of Finland and their relation to the history 
of the Baltic Sea. Boreas, 4: 143-155. 

Furness, R. W. 2002. Management implications between fisheries and sandeel-dependent 
seabirds and seals in the North Sea. Ices Journal of Marine Science, 59: 261-269. 

Goulet, A. M., Hammill, M. O., and Barrette, C. 2001. Movements and diving of grey seal 
females (Halichoerus grypus) in the Gulf of St. Lawrence, Canada. Polar Biology, 24: 
432-439. 

Graves, J. A., Helyar, A., Biuw, M., Jussi, M., Jussi, I., and Karlsson, O. 2008. Microsatellite 
and mtDNA analysis of the population structure of grey seals (Halichoerus grypus) from 
three breeding areas in the Baltic Sea. Conservation Genetics, DOI 10.1007/s10592-008-
9517-1: 10 pp. 

Greaves, D. K., Hughson, R. L., Topor, Z., Schreer, J. E., Burns, J. M., and Hammill, M. O. 
2004. Changes in heart rate variability during diving in young harbor seals, Phoca 
vitulina. Marine Mammal Science, 20: 861-871. 

Grellier, K., and Hammond, P. S. 2006. Robust digestion and passage rate estimates for hard 
parts of grey seal (Halichoerus grypus) prey. Canadian Journal of Fisheries and Aquatic 
Sciences, 63: 1982-1998. 

Hammill, M. O., and Stenson, G. B. 2000. Estimated prey consumption by harp seals (Phoca 
groenlandica), hooded seals (Cystophora cristata), grey seals (Halichoerus grypus) and 
harbour seals (Phoca vitulina) in Atlantic Canada. J. Northw. Atl. Fish. Sci., 26: 1-23. 

Harvey, J. T. 1989. Assessment of errors associated with harbour seal (Phoca vitulina) faecal 
sampling. Journal of Zoology (London), 219: 101-111. 

Helle, E., Olsson, M., and Jensen, S. 1976a. DDT and PCB levels and reproduction in ringed seal 
from the Bothnian Bay. Ambio, 5: 188-189. 

Helle, E., Olsson, M., and Jensen, S. 1976b. PCB levels correlated with pathological changes in 
seal uteri. Ambio, 5: 261-263. 

Hiby, L., Lundberg, T., Karlsson, O., Watkins, J., Jussi, M., Jussi, I., and Helander, B. 2007. 
Estimates of the size of the Baltic grey seal population based on photo-identification data. 
NAMMCO Scientific Publications, 6: 163-175. 

Hobson, K. A. 1999. Tracing origins and migration of wildlife using stable isotopes: a review. 
Oecologica, 120: 314-326. 

Hobson, K. A., Sease, J. L., Merrick, R. L., and Piatt, J. F. 1997. Investigating trophic 
relationships of pinnipeds in Alaska and Washington using stable isotope ratios of 
nitrogen and carbon. Marine Mammal Science, 13: 114-132. 

Hollowed, A. B., Ianelli, J. N., and Livingston, P. A. 2000. Including predation mortality in stock 
assessments: a case study for Gulf of Alaska walleye pollock. Ices Journal of Marine 
Science, 57: 279-293. 

Hooker, S. K., and Boyd, I. L. 2003. Salinity sensors on seals: use of marine predators to carry 
CTD data loggers. Deep-Sea Research Part I-Oceanographic Research Papers, 50: 927-
939. 

Hooker, S. K., Boyd, I. L., Jessopp, M., Cox, O., Blackwell, J., Boveng, P. L., and Bengtson, J. 
L. 2002. Monitoring the prey-field of marine predators: Combining digital imaging with 
datalogging tags. Marine Mammal Science, 18: 680-697. 

Huckstadt, L. A., Rojas, C. P., and Antezana, T. 2007. Stable isotope analysis reveals pelagic 
foraging by the Southern sea lion in central Chile. Journal of Experimental Marine 
Biology and Ecology, 347: 123-133. 



 26

Hårding, K. C., and Härkönen, T. J. 1999. Development in the Baltic grey seal (Halichoerus 
grypus) and ringed seal (Phoca hispida) populations during the 20th century. Ambio, 28: 
619-625. 

Härkönen, T. 1986. Guide to the otoliths of the bony fishes of the northeast Atlantic. Danibu 
ApS, Hellerup, Denmark. 256 pp. 

Härkönen, T., Harding, K. C., Goodman, S. J., and Johannesson, K. 2005. Colonization history 
of the baltic harbor seals: Integrating archaeological, behavioral, and genetic data. Marine 
Mammal Science, 21: 695-716. 

Härkönen, T., Karlsson, O., and Bäcklin, B. M. 2011. Sälpopulationer och sälhälsa. In Havet 
2011 - om miljötillståndet i svenska havsområden. Eds. Lewander, M., Karlsson, M. and 
Lundberg, K.  (www.havsmiljoinstitutet.se). 95-96. 

Iverson, S. J. 1993. Milk secretion in marine mammals in relation to foraging: can milk fatty 
acids predict diet? Symp. zool. Soc. Lond., 66: 263-291. 

Iverson, S. J., Field, C., Bowen, W. D., and Blanchard, W. 2004. Quantitative fatty acid 
signature analysis: a new method of estimating predator diets. Ecological Monographs, 
74: 211-253. 

Iverson, S. J., Oftedal, O. T., Bowen, W. D., Boness, D. J., and Sampugna, J. 1995. Prenatal and 
postnatal transfer of fatty acids from mother to pup in the hooded seal. Journal of 
Comparative Physiology B-Biochemical Systemic and Environmental Physiology, 165: 
1-12. 

Iverson, S. J., Springer, A. M., and Kitaysky, A. S. 2007. Seabirds as indicators of food web 
structure and ecosystem variability: qualitative and quantitative diet analyses using fatty 
acids. Marine Ecology-Progress Series, 352: 235-244. 

Jeffries, S. J., London, J. M., and Lance, M. M. 2000. Observations of harbour seal predation on 
Hood Canal summer chum salmon runs in 1998 and 1999. Annual progress report 
submitted to Pacific States Marine Fisheries Commission. Washington Department of 
Fish and Wildlife: 39 pp. 

Jobling, M., and Breiby, A. 1986. The use and abuse of fish otoliths in studies of feeding habits 
of marine piscivores. Sarsia, 71: 265-274. 

Jounela, P., Suuronen, P., Millar, R. B., and Koljonen, M.-L. 2006. Interactions between grey 
seal (Halichoerus grypus), Atlantic salmon (Salmo salar), and harvest controls on the 
salmon fishery in the Gulf of Bothnia. Ices Journal of Marine Science, 63: 936-945. 

Karlsson, O., Hiby, L., Lundberg, T., Jussi, M., Jussi, I., and Helander, B. 2005. Photo-
identification, site fidelity, and movement of female gray seals (Halichoerus grypus) 
between haul-outs in the Baltic Sea. Ambio, 34: 628-634. 

Kauppinen, T., Siira, A., and Suuronen, P. 2005. Temporal and regional patterns in seal-induced 
catch and gear damage in the coastal trap-net fishery in the northern Baltic Sea: effect of 
netting material on damage. Fisheries Research, 73: 99-109. 

Kirsch, P. E., Iverson, S. J., Bowen, W. D., Kerr, S. R., and Ackman, R. G. 1998. Dietary effects 
on the fatty acid signature of whole atlantic cod (Gadus morhua). Can. J. Fish. Aquat. 
Sci., 55: 1378-1386. 

Kullenberg, G. 1981. Physical oceanography. In The Baltic Sea. Ed. by A. Voipio. Elsevier 
Oceanography Series, 30. Elsevier, Amsterdam. 418 pp.  35-181. 

Käkelä, R., Furness, R. W., Kahle, S., Becker, P. H., and Kakela, A. 2009. Fatty acid signatures 
in seabird plasma are a complex function of diet composition: a captive feeding trial with 
herring gulls. Functional Ecology, 23: 141-149. 



 27

Käkelä, R., Hyvärinen, H., and Vainiotalo, P. 1993. Fatty acid composition in liver and blubber 
of the Saimaa ringed seal (Phoca hispida saimensis) compared with that of the ringed 
seal (Phoca hispida botnica) and grey seal (Hallichoerus grypus) from the Baltic. 
Comparative Biochemistry and Physiology Part B, 105: 553-565. 

Käkelä, R., Käkelä, A., Martinez-Abrain, A., Sarzo, B., Louzao, M., Gerique, C., Villuendas, E., 
et al. 2010. Fatty acid signature analysis confirms foraging resources of a globally 
endangered Mediterranean seabird species: calibration test and application to the wild. 
Marine Ecology-Progress Series, 398: 245-258. 

Königson, S. J., Fjälling, A., and Lunneryd, S. G. 2007. Grey seal induced catch losses in the 
herring gillnet fisheries in the northern Baltic. NAMMCO Scientific Publications, 6: 203-
213. 

Laidre, K. L., Stirling, I., Lowry, L. F., Wiig, O., Heide-Jorgensen, M. P., and Ferguson, S. H. 
2008. Quantifying the sensitivity of arctic marine mammals to climate-induced habitat 
change. Ecological Applications, 18: S97-S125. 

Le Boeuf, B. J., Crocker, D. E., Costa, D. P., Blackwell, S. B., Webb, P. M., and Houser, D. S. 
2000. Foraging ecology of northern elephant seals. Ecological Monographs, 70: 353-382. 

Leopold, M. F., van Damme, C. J. G., Philippart, C. J. M., and Winter, C. J. N. 2001. Otoliths of 
North Sea fish: fish identification key by means of otoliths and other hard parts. World 
Biodiversity Database CD-ROM Series. Expert Center for Taxonomic Identification 
(ETI), Amsterdam. 

Lesage, V., Hammill, M. O., and Kovacs, K. M. 2001. Marine mammals and the community 
structure of the Estuary and Gulf of St Lawrence, Canada: evidence from stable isotope 
analysis. Marine Ecology Progress Series, 210: 203-221. 

Li, L. B., Ainsworth, C., and Pitcher, T. 2010. Presence of harbour seals (Phoca vitulina) may 
increase exploitable fish biomass in the Strait of Georgia. Progress in Oceanography, 87: 
235-241. 

Lidgard, D. C., Boness, D. J., Bowen, W. D., and McMillan, J. I. 2005. State-dependent male 
mating tactics in the grey seal: the importance of body size. Behavioral Ecology, 16: 541-
549. 

MacKenzie, B. R., Alheit, J., Conley, D. J., Holm, P., and Kinze, C. C. 2002. Ecological 
hypotheses for a historical reconstruction of upper trophic level biomass in the Baltic Sea 
and Skagerrak. Can. J. Fish. Aquat. Sci., 59: 173-190. 

Mallory, M. L., Robinson, S. A., Hebert, C. E., and Forbes, M. R. 2010. Seabirds as indicators of 
aquatic ecosystem conditions: A case for gathering multiple proxies of seabird health. 
Marine Pollution Bulletin, 60: 7-12. 

Marshall, H. D., Hart, K. A., Yaskowiak, E. S., Stenson, G. B., McKinnon, D., and Perry, E. A. 
2010. Molecular identification of prey in the stomach contents of Harp Seals (Pagophilus 
groenlandicus) using species-specific oligonucleotides. Molecular Ecology Resources, 
10: 181-189. 

McClelland, G. 2002. The trouble with sealworms (Pseudoterranova decipiens species complex, 
Nematoda): a review. Parasitology, 124: S183-S203. 

McConnell, B. J., Chambers, C., Nicholas, K. S., and Fedak, M. A. 1992. Satellite tracking of 
grey seals (Halichoerus grypus). Journal of Zoology (London), 226: 271-282. 

McConnell, B. J., Fedak, M. A., Lovell, P., and Hammond, P. S. 1999. Movements and foraging 
areas of grey seals in the North Sea. Journal of Applied Ecology, 36: 573-590. 



 28

Mecenero, S., Kirkman, S. P., and Roux, J. P. 2006. A refined fish consumption model for 
lactating Cape fur seals (Aretocephalus pusillus pusillus), based on scat analyses. Ices 
Journal of Marine Science, 63: 1551-1566. 

Mellish, J. E., Iverson, S. J., and Bowen, W. D. 2000. Metabolic compensation during high 
energy output in fasting, lactating grey seals (Halichoerus grypus): metabolic ceilings 
revisited. Proceedings of the Royal Society of London Series B-Biological Sciences, 267: 
1245-1251. 

Merrick, R. L., Chumbley, M. K., and Byrd, G. V. 1997. Diet diversity of Steller sea lions 
(Eumetopias jubatus) and their population decline in Alaska: a potential relationship. 
Can. J. Fish. Aquat. Sci., 54: 1342-1348. 

Meynier, L., Morel, P. C. H., Chilvers, B. L., Mackenzie, D. D. S., and Duignan, P. J. 2010. 
Quantitative fatty acid signature analysis on New Zealand sea lions: model sensitivity and 
diet estimates. Journal of Mammalogy, 91: 1484-1495. 

Meynier, L., Morel, P. C. H., Chilvers, B. L., Mackenzie, D. D. S., MacGibbon, A., and 
Duignan, P. J. 2008. Temporal and sex differences in the blubber fatty acid profiles of the 
New Zealand sea lion Phocarctos hookeri. Marine Ecology-Progress Series, 366: 271-
279. 

Mohn, R., and Bowen, W. D. 1996. Grey seal predation on the eastern Scotian Shelf: modelling 
the impact on Atlantic cod. Can. J. Fish. Aquat. Sci., 53: 2722-2738. 

Montevecchi, W. A. 2007. Binary dietary responses of northern gannets Sula bassana indicate 
changing food web and oceanographic conditions. Marine Ecology-Progress Series, 352: 
213-220. 

Nilssen, K. T., Pedersen, O. P., Folkow, L. P., and Haug, T. 2000. Food consumption estimates 
of Barents Sea harp seals. In Minke Whales, Harp and Hooded Seals: Major Predators in 
the North Atlantic Ecosystem, pp. 9-27. Ed. by G. A. VIKINGSSON, and F. O. KAPEL. 

Nordstrom, C. A., Wilson, L. J., Iverson, S. J., and Tollit, D. J. 2008. Evaluating quantitative 
fatty acid signature analysis (QFASA) using harbour seals Phoca vitulina richardsi in 
captive feeding studies. Marine Ecology Progress Series, 360: 245-263. 

Noren, D. P. 2011. Estimated field metabolic rates and prey requirements of resident killer 
whales. Marine Mammal Science, 27: 60-77. 

Ojaveer, E., Lindrooth, A., Bagge, O., Lehtonen, H., and Toivonen, J. 1981. Fish and fisheries. 
In The Baltic Sea. Ed. by A. Voipio. Elsevier Oceanography Series, 30. Elsevier, 
Amsterdam. 418 pp. 275-350. 

Ojaveer, H., Jaanus, A., MacKenzie, B. R., Martin, G., Olenin, S., Radziejewska, T., Telesh, I., 
et al. 2010. Status of Biodiversity in the Baltic Sea. PLoS ONE, 5: e12467. 

Olesiuk, P. F. 1993. Annual prey consumption by harbor seals (Phoca vitulina) in the Strait of 
Georgia, British Columbia. Fish. Bull., 91: 491-515. 

Overholtz, W. J., Jacobson, L. D., and Link, J. S. 2008. An ecosystem approach for assessment 
advice and biological reference points for the Gulf of Maine-Georges Bank Atlantic 
herring complex. North American Journal of Fisheries Management, 28: 247-257. 

Overholtz, W. J., and Link, J. S. 2007. Consumption impacts by marine mammals, fish, and 
seabirds on the Gulf of Maine-Georges Bank Atlantic herring (Clupea harengus) 
complex during the years 1977-2002. Ices Journal of Marine Science, 64: 83-96. 

Parrish, F. A., Marshall, G. J., Buhleier, B. M., and Antonelis, G. A. 2008. Foraging interaction 
between the monk seals and large predator fish in the Northwestern Hawaiian Islands. 
Endangered Species Research, 4: 299-308. 



 29

Parsons, K. M., Piertney, S. B., Middlemas, S. J., Hammond, P. S., and Armstrong, J. D. 2005. 
DNA-based identification of salmonid prey species in seal faeces. J. Zool., Lond., 266: 
275-281. 

Parsons, T. R. 1992. The removal of marine predators by fisheries and the impact of trophic 
structure. Marine Pollution Bulletin, 25: 51-53. 

Pauly, D., Trites, A. W., Capuli, E., and Christensen, V. 1998. Diet composition and trophic 
levels of marine mammals. Ices Journal of Marine Science, 55: 467-481. 

Piatt, J. F., Harding, A. M. A., Shultz, M., Speckman, S. G., van Pelt, T. I., Drew, G. S., and 
Kettle, A. B. 2007. Seabirds as indicators of marine food supplies: Cairns revisited. 
Marine Ecology-Progress Series, 352: 221-234. 

Pierce, G. J., and 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., Boyle, P. R., and Diack, J. S. W. 1991. Digestive tract contents of seals in Scottish 
waters: comparison of samples from salmon nets and elsewhere. Journal of Zoology 
(London), 225: 670-676. 

Pierce, G. J., Boyle, P. R., Diack, J. S. W., and Clark, I. 1990a. Sandeels in the diets of seals: 
Application of novel and conventional methods of analysis to faeces from seals in the 
Moray Firth area of Scotland. J. Mar. Biol. Ass. U.K., 70: 829-840. 

Pierce, G. J., Diack, J. S. W., and Boyle, P. R. 1990b. Application of serological methods to 
identification of fish prey in diets of seals and dolphins. J. Exp. Mar. Biol. Ecol., 137: 
123-140. 

Pomeroy, P. P., Twiss, S. D., and Redman, P. 2000. Philopatry, site fidelity and local kin 
associations within grey seal breeding colonies. Ethology, 106: 899-919. 

Power, G., and Gregoire, J. 1978. Predation  by freshwater seals on fish community of lower 
Seal Lake, Quebec. Journal of the Fisheries Research Board of Canada, 35: 844-850. 

Riemer, S. D., Wright, B. E., and Brown, R. F. 2011. Food habits of Steller sea lions 
(Eumetopias jubatus) off Oregon and northern California, 1986-2007. Fishery Bulletin, 
109: 369-381. 

Robinette, D. P., Howar, J., Sydeman, W. J., and Nur, N. 2007. Spatial patterns of recruitment in 
a demersal fish as revealed by seabird diet. Marine Ecology-Progress Series, 352: 259-
268. 

Roppel, A. Y. 1984. management of northern fur seals on the Pribilof Islands, Alaska, 1786-
1981. NOAA Technical Report NMFS, 4: 26 pp. 

Rosen, D. A. S., and Trites, A. W. 2000. Digestive efficiency and dry-matter digestibility in 
Steller sea lions fed herring, pollock, squid, and salmon. Canadian Journal of Zoology-
Revue Canadienne De Zoologie, 78: 234-239. 

Rosen, D. A. S., and Trites, A. W. 2005. Examining the potential for nutritional stress in young 
Steller sea lions: physiological effects of prey composition. J. Comp. Physiol. B, 175: 
265-273. 

Schmölcke, U. 2008. Holocene environmental changes and the seal (Phocidae) fauna of the 
Baltic Sea: coming, going and staying. Mammal Review, 38: 231-246. 

Simpkins, M. A., Kelly, B. P., and Wartzok, D. 2001. Three-dimensional analysis of search 
behaviour by ringed seals. Animal Behaviour, 62: 67-72. 

Sinclair, E. H., Vlietstra, L. S., Johnson, D. S., Zeppelin, T. K., Byrd, G. V., Springer, A. M., 
Ream, R. R., et al. 2008. Patterns in prey use among fur seals and seabirds in the Pribilof 
Islands. Deep-Sea Research Part Ii-Topical Studies in Oceanography, 55: 1897-1918. 



 30

Sinclair, E. H., and Zeppelin, T. K. 2002. Seasonal and spatial differences in diet in the western 
stock of Steller sea lions (Eumetopias jubatus). Journal of Mammalogy, 83: 973-990. 

Sjöberg, M., and Ball, J. P. 2000. Grey seal, Halichoerus grypus, habitat selection around 
haulout sites in the Baltic Sea: bathymetry or central-place foraging? Canadian Journal of 
Zoology, 78: 1661-1667. 

Sjöberg, M., Fedak, M. A., and McConnell, B. J. 1995. Movements and diurnal behaviour 
patterns in a Baltic grey seal (Halichoerus grypus). Polar Biology, 15: 593-595. 

Stanley, W. T., and Shaffer, K. F. 1995. Harbor seal (Phoca vitulina) predation on seined 
salmonids in the lower Klamath River, California. Marine Mammal Science, 11: 376-
385. 

Stora, J., and Ericson, P. G. P. 2004. A prehistoric breeding population of harp seals (Phoca 
groenlandica) in the Baltic Sea. Marine Mammal Science, 20: 115-133. 

Strandberg, U., Sipila, T., Koskela, J., Kunnasranta, M., and Kakela, R. 2011. Vertical fatty acid 
profiles in blubber of a freshwater ringed seal - Comparison to a marine relative. Journal 
of Experimental Marine Biology and Ecology, 407: 256-265. 

Suryan, R. M., and Harvey, J. T. 1998. Tracking harbor seals (Phoca vitulina richardsi) to 
determine dive behavior, foraging activity, and haul-out site use. Marine Mammal 
Science, 14: 361-372. 

Suuronen, P., Siira, A., Kauppinen, T., Riikonen, R., Lehtonen, E., and Harjunpaa, H. 2006. 
Reduction of seal-induced catch and gear damage by modification of trap-net design: 
Design principles for a seal-safe trap-net. Fisheries Research, 79: 129-138. 

Söderberg, S. 1972. Sälens födoval och skadegörelse på laxfisket i Östersjön. Undersökning 
utförd på uppdrag av Svenska Ostkustfiskarenas Centralförbund. In Swedish. 60 pp 

 
Söderberg, S. 1975. Feeding habits and commercial damage of seals in the Baltic. In Proceedings 

of the Symposium on the seal in the Baltic, June 4-6, 1974, Lidingö, Sweden. National 
Swedish Environment Protection Agency, Stockholm, PM 591: 66-78. 

Thiemann, G. W., and Iverson, S. J. 2007. Variability in the blubber fatty acid composition of 
ringed seals (Phoca hispida) across the Canadian Arctic. Marine Mammal Science, 23: 
241-261. 

Thiemann, G. W., Iverson, S. J., and Stirling, I. 2008. Variation in blubber fatty acid composition 
among marine mammals in the Canadian Arctic. Marine Mammal Science, 24: 91-111. 

Thompson, D., Hammond, P. S., Nicholas, K. S., and Fedak, M. A. 1991. Movements, diving 
and foraging behaviour of grey seals (Halichoerus grypus). Journal of Zoology (London), 
224: 223-232. 

Thompson, P. M., Mc Connell, B. J., Tollit, D. J., Mackay, A., Hunter, S., and Racey, P. A. 
1996. Comparative distribution, movements and diet of harbour and grey seals from the 
Moray Firth, N. E. Scotland. Journal of Applied Ecology, 33: 1572-1584. 

Thurow, F. 1997. Estimation of the total fish biomass in the Baltic Sea during the 20th century. 
Ices Journal of Marine Science, 54: 444-461. 

Tjelmeland, S., and Lindstrom, U. 2005. An ecosystem element added to the assessment of 
Norwegian spring-spawning herring: implementing predation by minke whales. Ices 
Journal of Marine Science, 62: 285-294. 

Tollit, D. J., Schulze, A. D., Trites, A. W., Olesiuk, P. F., Crockford, S. J., Gelatt, T. S., Ream, 
R. R., et al. 2009. Development and application of DNA techniques for validating and 
improving pinniped diet estimates. Ecological Applications, 19: 889-905. 



 31

Tollit, D. J., Steward, M. J., Thompson, P. M., Pierce, G. J., Santos, M. B., and Hughes, S. 1997. 
Species and size differences in the digestion of otoliths and beaks: implications for 
estimates of pinniped diet composition. Canadian Journal of Fisheries and Aquatic 
Sciences, 54: 105-119. 

Trites, A. W. 1997. The role of pinnipeds in the ecosystem. In Pinniped populations, eastern 
north Pacific: status, trends and issues. Eds. G. Stone, J. Goebel and S. Webster. A 
symposium of the 127th annual meeting of the American Fisheries Society: 31-39. 

Trites, A. W., Calkins, D. G., and Winship, A. J. 2007a. Diets of Steller sea lions (Eumetopias 
jubatus) in Southeast Alaska, 1993-1999. Fishery Bulletin, 105: 234-248. 

Trites, A. W., Christensen, V., and Pauly, D. 1997. Competition between fisheries and marine 
mammals for prey and primary production in the Pacific Ocean. J. Northw. Atl. Fish. 
Sci., 22: 173-187. 

Trites, A. W., Miller, A. J., Maschner, H. D. G., Alexander, M. A., Bograd, S. J., Calder, J. A., 
Capotondi, A., et al. 2007b. Bottom-up forcing and the decline of Steller sea lions 
(Eumetopias jubatas) in Alaska: assessing the ocean climate hypothesis. Fisheries 
Oceanography, 16: 46-67. 

Trzcinski, M. K., Mohn, R., and Bowen, W. D. 2006. Continued decline of an Atlantic cod 
population: How important is gray seal predation? Ecological Applications, 16: 2276-
2292. 

Tucker, S., Bowen, W. D., and Iverson, S. J. 2008. Convergence of diet estimates derived from 
fatty acids and stable isotopes within individual grey seals. Marine Ecology Progress 
Series, 354: 267-276. 

Tucker, S., Bowen, W. D., Iverson, S. J., Blanchard, W., and Stenson, G. B. 2009. Sources of 
variation in diets of harp and hooded seals estimated from quantitative fatty acid 
signature analysis (QFASA). Marine Ecology-Progress Series, 384: 287-302. 

Tyrrell, M. C., Link, J. S., and Moustahfid, H. 2011. The importance of including predation in 
fish population models: Implications for biological reference points. Fisheries Research, 
108: 1-8. 

Ukkonen, P. 2002. The early history of seals in the northern Baltic. Ann. Zool. Fennici, 39: 187-
207. 

Walton, M., and Pomeroy, P. 2003. Use of blubber fatty acid profiles to detect inter-annual 
variations in the diet of grey seals Halichoerus grypus. Marine Ecology Progress Series, 
248: 257-266. 

Walton, M. J., Henderson, J. R., and Pomeroy, P. P. 2000. Use of blubber fatty acid profiles to 
distinguish dietary differences between grey seals Halichoerus grypus from two UK 
breeding colonies. Marine Ecology Progress Series, 193: 201-208. 

Wang, S. W., Hollmen, T. E., and Iverson, S. J. 2010. Validating quantitative fatty acid signature 
analysis to estimate diets of spectacled and Steller's eiders (Somateria fischeri and 
Polysticta stelleri). Journal of Comparative Physiology B-Biochemical Systemic and 
Environmental Physiology, 180: 125-139. 

Varjopuro, R. 2011. Co-existence of seals and fisheries? Adaptation of a coastal fishery for 
recovery of the Baltic grey seal. Marine Policy, 35: 450-456. 

Watt, J., Pierce, G. J., and Boyle, P. R. 1997. Guide to the identification of North Sea fish using 
premaxillae and vertebrae. ICES Cooperative Research Report, 220: 231 pp. 

Westerberg, H., Fjälling, A., and Martinsson, A. 2000. Sälskador i det svenska fisket. 
Beskrivning och kostnadsberäkning baserad på loggboksstatistik och journalföring 1996-



 32

1997. (Seal-fisheries interaction in the Swedish fishery). Finfo (Fiskeriverket informerar), 
3: 3-38. In Swedish with English summary. 

Winship, A. J., Trites, A. W., and Rosen, D. A. S. 2002. A bioenergetic model for estimating the 
food requirements of Steller sea lions Eumetopias jubatus in Alaska, USA. Marine 
Ecology Progress Series, 229: 291-312. 

Wolf, N., Melbourne, J., and Mangel, M. 2006. The method of multiple hypotheses and the 
decline of Steller sea lions in western Alaska.  In Top predators in marine ecosystems. 
Boyd, I. L., Wanless, S. and Camphuysen, C. J. (eds). Cambridge University Press. 275-
293. 

Wright, B. E., Riemer, S. D., Brown, R. F., Ougzin, A. M., and Bucklin, K. A. 2007. Assessment 
of harbour seal predation on adult salmonids in a Pacific Northwest estuary. Ecological 
Applications, 17: 338-351. 

Yodzis, P. 2001. Must top predators be culled for the sake of fisheries? Trends in Ecology and 
Evolution, 16: 78-84. 

Yurk, H., and Trites, A. W. 2000. Experimental attempts to reduce predation by harbour seals on 
out-migrating juvenile salmonids. Transactions of the American Fisheries Society, 129: 
1360-1366. 

Zhao, L., Castellini, M. A., Mau, T. L., and Trumble, S. J. 2004. Trophic interactions of 
Antarctic seals determined by stable isotope signatures. Polar Biology, 27: 368-373. 

Österblom, H., Hansson, S., Larsson, U., Hjerne, O., Wulff, F., Elmgren, R., and Folke, C. 2007. 
Human-induced trophic cascades and ecological regime shifts in the Baltic sea. 
Ecosystems, 10: 877-889. 

Österblom, H., Olsson, O., Blenckner, T., and Furness, R. W. 2008. Junk-food in marine 
ecosystems. Oikos, 117: 967-977. 

 
 
 


	Kappan_pt_1_Final
	Kappan_pt_2_Final

