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Wilderness is the raw material out of which man has hammered the artefact 
called civilization….Wilderness is a resource which can shrink but not grow.
Invasions can be arrested or modified in a manner to keep an area usable either
for recreation, or for science, or for wildlife, but the creation of new wilderness 
in the full sense of the word is impossible. 

The physics of beauty is one department of natural science still in the Dark
Ages. 

Aldo Leopold (1966). Copyright (1966) Oxford University Press, used with
permission. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

Abstract 

An influence at one trophic level can result in dynamic impacts also on other 
components of a food web. These dynamics are known as trophic cascades, 
and can be both top-down and bottom-up. After a near-collapse of the Baltic 
cod Gadus morhua stock in the 1980s, its main prey sprat Sprattus sprattus 
increased dramatically. The main food of sprat, marine copepods, decreased 
during the same time period, likely a combined effect of increased predation 
pressure from sprat and decreasing salinities. This shortage of food for sprat 
resulted in decreasing quality of sprat as a food source for common guille-
mots Uria aalge. However, a recent increase in fishing for sprat has again 
resulted in better feeding conditions for guillemots.  

Human impacts on this simple food web can be complex. In the early 
20th century, marine mammals were abundant and nutrient levels were low 
in the Baltic Sea. This thesis illustrate that this situation corresponded to 
lower fish biomass. A reduction of seals early in the century led to reduced 
top-down control, which resulted in increasing fish stocks. Later, in the 
1950s, the largest inflow of salt water during the century mobilized accumu-
lated phosphorus from the deep sediments, which stimulated nitrogen fixa-
tion. Combined with increasing anthropogenic nutrient loads, this led to in-
creased primary production and a rapid change from an oligotrophic to a 
eutrophicated state. This change can be termed a regime shift, which also 
stimulated fish production. Subsequent over-fishing of cod likely caused a 
second regime shift, from a cod- to a clupeid- dominated state, which led to 
the described effects on the common guillemots.  

Several factors affect the life-history of this long-lived seabird. Bycatches 
in gillnet fisheries is one factor directly affecting guillemot survival, and the 
proportion of bycatches increased during a period of increasing fishing ef-
fort. Surprisingly, avian cholera, a previously undocumented disease in 
common guillemots, was found at times to cause considerable adult mortal-
ity. Common guillemot life-history information can communicate the diver-
sity of factors influencing marine ecosystems – hopefully this can increase 
our understanding of how complex even “simple” food webs are. 
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Prologue 

It’s dark. 2 a.m. and I wake up by the sound of my alarm. It’s time to get up 
and get dressed. Warm clothes, good shoes and terrific waterproof pants. 
The headlight work, OK let’s go. John is already on the move, I see his light 
beam far ahead and we struggle to keep up, watch our steps, it’s slippery and 
low tide. Finally there. The giant sea lions Eumetopias jubatus sleep nearby. 
I watched one the other day up close as it took an afternoon nap. Sweet life. 
Anyway, time to set up the net. We’ve got all the gear – protocol, rings, pli-
ers, pencils and extra batteries – just have to wait for the birds. All is still in 
the dark and I am not cold. We listen to the smooth sound of waves arriving 
from Japan. There’s one, go for it! We scramble to catch the bird caught in 
the net. So warm, scared, heart beat fast. We quickly band and weigh it, and 
off it goes to find food for it’s chick – life goes on. That was the first of 
many this night. Back at the cabin, crash in bed, sun just about to rise. Days 
and nights here at Triangle Island (50°52'N, 129°05'W) pass by. This is 
where the first mental steps were taken towards the thesis you hold in your 
hand, inspired by John Ryder and Doug Bertram. The stark beauty of this 
study site could convince anyone of the importance of marine ecosystems for 
our wellbeing. During the days, we make routine nest checks to investigate 
the breeding status of cassin’s auklet Ptychoramphus aleuticus, rhinocerous 
auklet Cerorhinca monocerata and tufted puffins Fratercula cirrhata in our 
study plots. In good weather, there is an unbroken horizon of the Pacific 
Ocean in all directions. Often I find a warm egg brooded underground by a 
parent that does not seem to hesitate and fiercely attack me when I put my 
hand in their nest. I always admired (what I perceived as) their courage, in 
stabbing at me with their beaks. Sometimes it scared me, and sometimes it 
hurt like hell. The communication was always clear: Get lost! It is my ambi-
tion to communicate, hopefully as clearly: even simple ecosystems are sur-
prisingly complex. We exert a diverse pressure on marine ecosystems glob-
ally. If we can appreciate the complexity of these environments, potentially 
we will be more inclined to manage them carefully. What we do matters, has 
mattered and will matter.  

 
 
 

Stockholm, April 2006 
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Introduction 

The global state of the ocean 

The ocean, the last wilderness on earth, is rapidly being changed due to hu-
man activities. Some fish stocks have declined drastically (Pauly et al. 2002, 
Christensen et al. 2003, Myers & Worm 2003), as we have been “fishing 
down the food web” globally (Pauly et al.1998). This means that there is a 
gradual transition in fishery landings, from long-lived high-trophic-level, 
piscivorous fish, towards short-lived, low-trophic-level planktivorous fish. 
This pattern can be seen also in the Baltic Sea, referred to as Area 27.IIId by 
FAO (Food and Agriculture Organization of the United Nations, Figure 1). 
Through the fishery, we have changed the intensity of trophic interactions in 
many ecosystems. This can sometimes have surprising effects on other com-
ponents of the food web (I & II). The historical loss of large marine mam-
mals worldwide is thought to have, combined with e.g. commercial fishing 
and eutrophication, resulted in large-scale changes in many marine ecosys-
tems (Jackson et al. 2001, III). Variation in climate also has a substantial 
impact on marine ecosystems (Hare & Mantua 2000, Stenseth et al. 2002, 
Chavez et al. 2003). Recent recovery of some previously overexploited 
populations of marine mammals (e.g. seals and whales) and birds will result 
in increasing potential for conflicts between management goals (Yodzis 
2001, Brooke 2004). These recoveries also show us that it is possible to 
change conditions for the better.  
 

  

 

 

 

 

 

 
 



 
Figure 1. FAO Area 27 (shaded), including 27.IIId (the Baltic Sea), one of many 
areas globally substantially affected by human activities. Courtesy of FAO, 2006. 

Regime shifts, the shifting baseline and an increased 

vulnerability  

An “ecological regime shift” is categorized by a rapid change in several eco-
system components, followed by a period of relative stability (Scheffer et al. 

2001). Regime shifts can be the results of both natural changes (e.g. in cli-
mate) and human activities (Folke et al. 2004). To reverse a shift between 
regimes can be difficult or impossible, once the ecosystem has changed into 
an alternate state, due to e.g. stabilizing feedbacks (Walters & Kitchell 2001, 
DeRoos & Persson 2002, Beisner et al. 2003, Scheffer & Carpenter 2003). 
These relatively rapid transitions followed by periods of stability contradict 
the previously common notion that ecosystems respond linearly to changes. 
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An increasing awareness of the very real possibility of “ecological regime 
shifts” has created an increased understanding of how ecosystems can func-
tion, and serve as an intuitive model to describe the dynamics of some eco-
systems. The concept of regime shifts has mainly been developed in fresh 
water research (e.g. Scheffer et al. 2001, Carpenter 2003), but as long time 
series data in the marine environment are gradually becoming available, 
there is increasing documentation of ecological regime shifts also from large 
marine ecosystems (e.g. Hare & Mantua 2000, deYoung et al. 2004). Long-
term ecosystem studies can also illustrate the “shifting baseline” concept 
(Pauly et al. 1995), i.e. that the dynamics during the last few years may be 
completely different from those prior to this (Jackson et al. 2001, Myers & 
Worm 2003, Figure 2).  

In the Baltic Sea, the biomass of cod Gadus morhua have declined since 
the end of the eighties, while its main prey sprat Sprattus sprattus, has in-
creased dramatically. The ecosystem has thus changed from one where pre-
dation from cod was an important structuring force, to a system dominated 
by clupeids (sprat and herring Clupea harengus), which feed on cod egg and 
larvae (Köster & Möllman 2000). Potentially, this mechanism can stabilize a 
clupeid-dominated state, and this change has been termed a regime shift 
(Alheit et al. 2005, III). 

 

 
Figure 2. In a 20-years perspective, cod “used to be incredibly abundant in the Baltic 
Sea”, but is that really the case when studying the stock dynamics over a longer time 
period? This is Andres Kübar with his 37-kilo cod. Photo courtesy of E. Eriksson  

 15 
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As we “fish down” marine food webs, new species at lower trophic levels 

can increase, to fill the void left when long-lived predatory species disappear 
(I–III). Short-lived species can by more sensitive to physical forcing, making 
the predicted effects from climate variability (e.g. Döscher & Meier 2004, 
Meier et al. 2004) highly relevant. Fewer species mean less diversity, which 
can mean a loss of ecosystem resilience (Elmqvist et al. 2003, Bellwood et 

al. 2004) and decreasing opportunities for us to benefit from the services 
provided by these environments. The UN Millennium Ecosystem Assess-
ment has identified overfishing as one of the most acute environmental prob-
lems globally (MA 2005), but there are few indications that this situation is 
about to improve greatly soon. This may in part be due to a lack of knowl-
edge. We were not able to react in time to this global crisis because it is so 
difficult to understand what is going on under the surface, in complex eco-
systems. One difficulty in building public opinion for marine issues and 
overfishing may be the not-so favorable reputation of fish as cold and gener-
ally ugly creatures.  

The ecosystem approach 

The failure to manage the oceans sustainably is potentially not irreversible 
although the large-scale changes needed in how we use the oceans will re-
quire political leadership and a well-informed and inspired public. One re-
sponse to this situation has been the introduction of the “ecosystem ap-
proach” in e.g. Australian, American, Antarctic, European and Swedish ma-
rine policy. The ecosystem approach is also a central component of the EU 
common fisheries policy. What this means in practice is, however, less clear. 
One important component in implementing the ecosystem approach is to 
understand how marine ecosystem functions. Currently, we still have a lim-
ited understanding of how most marine ecosystem function. 

Marine birds, ecosystem complexity and climate 

change 

Most marine birds are charismatic top predators. In contrast to fish and other 
sub-surface organisms, they spend a large proportion of their lives above 
surface and come ashore during breeding. During this time, they are easy to 
study. Many marine birds use the same resources, in the same locations, as 
humans (Tasker et al. 2000). Perhaps surprisingly, global estimates of sea-
bird consumption equal that of the commercial fishery (Brooke 2004). Ma-
rine birds thus interact with fish and fisheries and the commercial fishery can 
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have both negative and positive effects on marine birds (Tasker et al. 2000, 
Furness 2003, I–II & IV).  

Bycatches of seabirds is one of the most evident direct negative effects of 
commercial fisheries (IV). Bycatches in gillnets can cause substantial mor-
tality in seabirds (Tull et al. 1972), and when important prey species are also 
depleted, can result in seabird population declines (Vader 1990).  However, 
commercial fishing can also have an indirect effect on seabirds, e.g. when 
over-fishing of predatory fish result in increasing stocks of their prey: small 
pelagic fish, which commonly is prey also to seabirds (I & II). Also, discard 
of fish waste commonly attract seabirds and thus provide an additional food 
source for several species (Tasker et al. 2000, Furness 2003, Garthe & 
Scherp 2003). Thus, the interactions between seabirds and fisheries can be 
complex (Voiter et al. 2004, II).  

In addition to these direct and indirect effects of fisheries, climate change 
can also affect seabirds, e.g. by changing the availability of their prey. In the 
North Sea, long-term variation in kittiwake Rissa tridactyla breeding success 
was correlated to changes at three lower trophic levels, and weather (Ae-
bisher et al. 1990). Climate change has been predicted to increase the fre-
quency of occurrence of disease, which perhaps is already documented in the 
marine environment (Harvell et al. 1999, V), and this effect may be exacer-
bated by ecosystem changes (cf. Jackson et al. 2001). However, an increas-
ing focus on the problem is also likely to add to the documented trends.  

Given the wide range of impacts possible on marine birds, knowledge of 
how they are affected by human activities and ecosystem changes can illus-
trate how complex and vulnerable these ecosystems are. This could stimulate 
awareness and hopefully, even action.  

Aims of the thesis 

The aim of this thesis is to evaluate to what extent human-induced changes 
in the Baltic Sea have influenced other parts of the ecosystem. Has eutrophi-
cation increased the production in general, including impacts of changed fish 
densities on piscivorous birds (bottom-up effects)? Have changes in the fish 
community cascaded down the food web and influenced zoo- and phyto-
plankton densities (i.e. top-down effects)?  

The populations of long-lived piscivorous predators, such as common 
guillemots Uria aalge, are sensitive to variation in adult survival (Hudson 
1985). Since fisheries can have a direct negative impact on seabirds through 
bycatches, my aim is also to evaluate how variation in fishing effort corre-
lates to bycatches of seabirds and also to determine annual adult survival 
rates.  

My ambition is thus to illustrate some of the effects that human activities 
have on the Baltic Sea ecosystem. The main focus is the direct and indirect 
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effects of fishing on the common guillemot. Other potential impacts on the 
common guillemot population are discussed, as well as underlying factors 
affecting the ecosystem. An additional aim of this thesis has been to present 
the potential of common guillemots as an indicator of ecosystem changes in 
the Baltic Sea.  

Studied species and ecosystem  

The common guillemot in the Baltic Sea 

The common guillemot is a widespread and abundant pelagic seabird breed-
ing in the Baltic Sea. The species pursues small pelagic fish at depths nor-
mally ranging between 10–40 meters (Bradstreet & Brown 1985, Tremblay 
et al. 2003). In the Baltic Sea the species feeds primarily on sprat (Hedgren 
1976, Lyngs & Durinck 1998, Österblom & Olsson 2002), which is also an 
important commercial resource and the main prey of cod. Common guille-
mots are long-lived, i.e. commonly live more than 20 years. The species has 
been used as an indicator of changes in concentrations of organic pollutants 
in the Baltic Sea since the 1960’s (Bignert et al. 1998). Increasing evidence 
illustrates that the common guillemot also can be used to monitor changes in 
the marine environment (Davoren & Montevecchi 2003, Wanless et al. 

2005), e.g. possibly to determine fish recruitment at a lower cost than regular 
fisheries assesment. Since the Baltic Sea is not as complex as many marine 
ecosystems (Voipio 1981), it is particularly suitable for analysis of e.g. eco-
system effects of fishing.  
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Materials and methods 

All papers in this thesis include analyses based on time-series data. Most of 
the papers (i.e. I–IV) integrate fisheries data with information on other com-
ponents of the ecosystem, most notably, birds. Very detailed information 
about fish stocks dynamics in the Baltic Sea has been collected since the 
1970s, and this has substantially contributed to the possibilities to interpret 
the data obtained from the seabird studies. I have only contributed to collect-
ing a fraction of the data used in this thesis (i.e. common guillemot field data 
in 1998, and 2000–2003), but have instead focused on analyses and re-
interpretations of already existing data. This has led to some novel insights 
about Baltic Sea ecosystem dynamics.  

Information from the ringing of birds conducted at Stora Karlsö (57°17'N, 
17° 58'E) between 1989 and 2000 where used in I, which illustrated an inter-
esting trend that could be interpreted only with the relevant information on 
quantitative fish stock dynamics from work within the ICES framework (I). 
The extended analysis (II) benefited from additional years of field data 
(2001–2004), the analogous research conducted by S. Hedgren at Stora 
Karlsö in the 1970s (Hedgren 1979) and information from ICES. The review 
of previously published material (III) was supported with recent information 
from the National Mammal Monitoring Program and Ecosim modelling. The 
database at the Bird ringing Centre at the Swedish Museum of Natural His-
tory, where information from common guillemots ringed since 1913 has 
been meticulously recorded, was used for IV. Reports of ring recoveries 
commonly include information about recovery circumstances and, in the 
case of birds caught in fishing gear, information about gear, depth and geo-
graphical locations. This recovery information was interpreted and catego-
rized (IV), and compared to data from the National Board of Fisheries (i.e. 
fishing effort for the relevant fishing gear). Observations (during four field 
seasons) of adult birds ringed with individual tarsus rings, formed the basis 
for V, together with information provided by the National Veterinary Insti-
tute.  
  



 20 

Results and discussion 

Despite the simplicity of the Baltic Sea, a number of complex interactions 
affect the common guillemot (I–III). These include both bottom-up (e.g. 
resources effect on consumers) and top-down (consumer effects on re-
sources) effects. The long-term ecosystem changes described in III illustrate 
that it can be difficult to separate cause and effects for observed dynamics at 
adjacent trophic levels. The potential effect of bycatches on adult common 
guillemot survival is discussed in IV, and V describes how an unexpected 
disease could have a substantial impact on the population level.  

Fish stocks dynamics: indirect effects of fisheries on 

seabirds (I & II) 

Cairns (1987) hypothesized that a number of seabird breeding parameter 
should reflect prey availability. He also hypothesized that this response 
should be non-linear due to several buffering mechanisms, such as diet 
switching and/or increased parental effort (e.g. foraging at longer distance 
from the colony and increasing the number of prey brought to the chicks in 
each foraging bout), reduced clutch sizes or earlier fledging. A number of 
studies have demonstrated that changes in the fish community can influence 
fish-eating seabirds (Burger & Piatt 1990, Sydeman et al. 1991, Monaghan 
et al. 1994, Ainley et al. 1995, Barrett & Krasnov 1996, Monaghan 1996, 
Anker-Nilssen et al. 1997, Oro & Furness 2002, Oro et al. 2003, Wanless et 

al. 2005).  
In the Baltic Sea, common guillemot chicks are almost exclusively fed 

sprat (Hedgren 1976, Österblom & Olsson 2002) and there are few alterna-
tive prey species. The common guillemot is a single-prey loader, thus the 
number of fish brought to the chick can only be increased by increasing the 
number of feeding trips. Only one chick is raised each year, so that clutch 
size cannot be adjusted according to feeding conditions. Changes in the sprat 
stock are therefore likely to affect the common guillemots in the Baltic Sea, 
as the buffering mechanisms presumably are limited. 

The cod in the Baltic Sea decreased rapidly in the second half of the 
1980s (Figure 3a), and conditions were favorable for sprat (MacKenzie & 
Köster 2004), the main prey of cod. The sprat stock increased dramatically 



 21 

in the early 1990s (Figure 3a) and we assumed that this would be reflected in 
common guillemot breeding parameter (cf. Cairns 1987). My first study of 
the complex interactions in the simple Baltic Sea food web (I) describes the 
surprising (and counterintuitive) result that common guillemot fledging body 
mass decreased during a period of a rapidly increasing sprat stock (Figure 3a 
and b). The fledging weights early in the 1990s were similar to those of the 
1970s (Hedgren 1979, I, Figure 3b), even though the feeding frequencies 
recorded in the late 1990s (Österblom & Olsson 2002) were twice as high as 
those recorded during the 1970s (Hedgren & Linnman 1979). Differences in 
methodology can at worst account for part of this difference in feeding fre-
quency. We could not demonstrate any differences in age at fledging be-
tween the 1970s and the end of the 1990s (Österblom & Olsson 2002).  

The suggested mechanism for the decreasing fledging mass during the 
1990s is that intra- and inter-specific competition in the fish community 
reduced the energetic content of individual sprat, i.e. the increasing sprat 
stock resulted in a deteriorated individual mean weight of sprat, presumably 
due to food limitation. Independent fisheries data illustrate a substantial 
(40%) decrease in mean weight of sprat during the relevant time period 
(Figure 3b). These changes in sprat size have likely resulted in a reduced 
energy content of sprat (Hislop et al. 1991, Hjelm et al. 2006) and thus less 
energy/fish delivered to guillemot chicks. Additional potential mechanism 
responsible for the observed results includes a decrease in salinity resulting 
in decreasing zooplankton abundances (i.e. less food for sprat: Flinkman et 

al. 1998, Hänninen et al. 2000) and temperature-related effects on fledging 
mass.  
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Figure 3. The dynamics of the cod (■) and sprat (□) stocks between 1972–2004 (A) 
and the changes in common guillemot fledging mass (●) and mean weight of sprat 
age four (□), between 1972–2004 (B). 
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When including additional years of data in this analysis (II), it was possi-
ble to better illustrate the reasons for the cascade effect proposed in I. The 
first study (I) argues that fisheries, in combination with climate-correlated 
changes resulted in decreasing fledging mass of common guillemots. In the 
extended analysis (II), we were, however, unable to correlate any climate 
variables to the changes in fledging mass, which instead were correlated to 
the weight (and presumably energy content) of sprat in several age classes 
between 1974–2004. The hypothesis of the fisheries-related effects presented 
(I) was strengthened as common guillemot fledgling weights increased again 
as the mean weight of sprat rose during the last few years (II). The interac-
tions are graphically described in Figure 4. 

Although several studies have documented trophic cascades in a range of 
different ecosystems (Pace et al. 1999, Shurin et al. 2002), a limited under-
standing of how food web linkages (McCann et al. 1998) and interaction 
strength (Paine 1980, Krause et al. 2003, Bascompte et al. 2005) between 
species in the food web influence trophic interactions, makes it difficult to 
predict cascade effects. In II, I argue that the fisheries provide the over-
riding signals affecting common guillemots and that fisheries related mortal-
ity have increased as a driving force affecting the fish community.  

Interestingly, in the North West Atlantic, where very similar changes in 
the fish community have occurred (Carscadden et al. 2002), analogous 
changes in common guillemot chick fledging weights have also been ob-
served (Davoren & Montevecchi 2003).  
 

 

 



 
Figure 4. Ecological interactions and human activities affecting common guillemot 
chick fledging body mass. Illustration: Linda Gustafsson 
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Long-term and large-scale ecosystem change (III) 

The observed cascading effects presented in I and II can better be understood 
by studying the ecosystem over a longer time period (III). This study covers, 
in a simplified manner, the dynamics of the offshore Baltic Sea ecosystem 
throughout the entire 20th century. This hundred-year perspective indicates 
that the concept of ”ecological regime shifts” can be used as a plausible 
model for some of the observed dynamics in the area. The reviewed data and 
the Ecosim model illustrate that human activities have substantially altered 
the structure and function of the Baltic Sea ecosystem, which has undergone 
two “ecological regime shifts”. The paper concludes that the ecosystem has 
become increasingly vulnerable to external stressors, e.g. effects of climate 
variability, as the top two trophic levels have been greatly depleted.  

The paper illustrates that reduced predation by mammals (depleted by 
hunting), increased primary production due to anthropogenic eutrophication 
and substantial changes in the food web due to commercial fishing, have 
been important drivers of change in the Baltic Sea. The information in III 
suggests that the Baltic Sea has changed, first from a seal- to a cod-
dominated state, then from an oligotrophic- to a eutrophicated state, and 
finally from a cod dominated- to a clupeid dominated state. The last two 
changes possibly involve hysteresis effects, i.e. they may be difficult to re-
verse due to positive feedbacks and were thus described as regime shifts. 
The interpretation of similar data elsewhere is commonly complicated by 
climate-related events and other confounding variables. Fisheries and marine 
ecology has focused much attention on “bottom-up” forcing, and less atten-
tion to “top-down” (Verity & Smetacek 1996) or “wasp-waist” control (Cury 
et al. 2000). Recent work (e.g. Springer et al. 2003, Worm & Myers 2003, 
Hjermann et al. 2004, this thesis) indicates that fishing and predation, i.e. 
“top down” control can be very important.  

The results indicate that hunting of seals, once the population has been 
reduced to a critical level (that is currently unknown), could increase the 
availability of fish biomass to commercial fishing. However, these results 
refer to a food web at a substantially lower level of primary production than 
observed today. The argument that seal populations should be limited to 
reduce competition with fisheries has been voiced in the North West Atlantic 
and for the Benguela ecosystem, where culling of seals is expected to in-
crease fish catches. However, Yodzis (2000) illustrated that the predicted 
result from seal culling is far from certain. He calculated a possible several 
million potential cascading effects resulting from Cape fur seal Arctocepha-

lus pusillus pusillus culling in the Benguela food web, some of them having 
the potential for reducing availability of preferred fish species for fishing. 
However, Kaschner & Pauly (2004) indicate that the Baltic Sea is one of few 
areas worldwide, where competition between marine mammals and fisheries 
is likely.  
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Man-made eutrophication appears to have increased fish production and 

allowed higher fish catches, by increasing primary and secondary production 
(III). Hysteresis effects (III) may have made eutrophication difficult to re-
verse, but if we are successful in oligotrophying the Baltic Sea, that would 
possibly reduce fish catches. The level of fishing mortality is also important 
in determining the long-term yield from the fish community, and the paper 
illustrates that the potential to harvest biomass of profitable species (i.e. cod) 
has been substantially reduced in part due to high fishing pressure. When 
combined with favorable conditions for sprat, this has resulted in the current, 
clupeid-dominated ecosystem (III), with repercussions for fish eating sea-
birds (I & II) and fisheries revenues.  

The effects of top-down forcing and human alteration of ecosystem struc-
ture is most elaborated in this paper, which stresses our common responsibil-
ity for the observed dynamics during the last century, as well as in the pre-
sent situation. It can be concluded that the wilderness of this environment 
has been gone since long.  

The large-scale and long-term ecosystem dynamics and their proposed 
mechanisms, as presented in III, have implications for future management 
decisions. It appears we need to start asking questions such as: What kind of 
ecosystem do we want and can we at all affect the dynamics in the way we 
are aiming? What surprises will management actions result in? Some sur-
prise effects of management actions were described in I and II, and we are 
only now beginning to understand what key drivers are important for the 
observed dynamics, how these drivers interact with other variables and how 
interactions between species work at different spatial and temporal scales.  

Bycatches in fishing gear: direct effects of fisheries on 

seabirds (IV) 

Fisheries have regionally harmful effects on non-target species. Documenta-
tion of substantial bycatches of seabirds in salmon drift gillnets (e.g. Tull et 

al. 1972) has contributed to global restrictions on this fishing method. How-
ever, in the Baltic Sea, this fishing method has generally remained unre-
stricted until very recently.  

In this paper I explore the available information on bycatches of common 
guillemots in the Baltic Sea gillnet fishery, using a combination of bird-
ringing data and fisheries logbook statistics. Information from ring recover-
ies is biased for several reasons (Perdeck 1977) and for the analyses in IV 
we assumed this bias to be constant over time. A large proportion of all ring 
recoveries of common guillemots are made in fishing gear (Olsson et al. 

2000), and out of the recoveries made in fishing gear between 1972 and 
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1999 where the fishing method used was specified, 65.5 % were from 
salmon drift gillnets, 22.3 % from cod gillnets and 12.2 % from other fishing 
gears. The survival rate was 20.3 % in salmon drift gillnets (set at the sur-
face) and 0 % in cod gillnets (set at the bottom). The proportion of all recov-
eries in cod gillnets increased during the study period, as cod fishing effort 
(measured as number of fishing trips) increased. Fishing effort is likely to 
have increased more than the illustrated fishing trips indicate, as gear devel-
opment has substantially increased the number of nets used on each fishing 
trip. Catches of cod have declined since the 1980s, but more nets are cur-
rently used to catch the reduced cod stock. 

The results indicate that immature birds were more likely to get trapped in 
fishing gear than adult birds and the proportion of adult birds trapped was 
larger in cod gillnets than in salmon gillnets. The life history of the common 
guillemot is characterized by (naturally) high adult survival and low annual 
reproduction (Hudson 1985). Iteroparous species are the most sensitive to 
changes in adult survival (Jonsson & Ebenman 2001). Olsson et al. (2000) 
documented a decrease in common guillemot adult survival in the period 
1989–1997, when compared to 1962–1989, which probably can be explained 
by increasing bycatches (IV). Cod gillnets thus affect one of the most sensi-
tive life-history parameters, although the effect on the population is difficult 
to quantify. We have estimated that 1 500 birds were killed annually during 
the study period (out of a population of c. 45 000 individuals in the Baltic 
Sea) – if all recoveries were reported. However, it is highly unlikely that this 
has been the case. The fact that substantially more recoveries of ringed 
common guillemots has been made in the Polish zone of the Baltic Sea may 
reflect that this is an important wintering area for the species, but it may also 
indicate that Polish fishermen are more interested to report a recovered 
ringed bird, than, for example Swedish fishermen. A number of methods for 
reducing bycatches are discussed in the paper. The most efficient method – 
reduced fishing effort, will be realized in 2008, when Baltic Sea fisheries 
will start following the international recommendations to ban salmon drift 
gillnets. Perhaps IV contributed to this decision. 

Avian cholera – an unexpected factor affecting adult 

survival (V) 

The spread of disease appears to be a phenomenon on the increase in the 
marine environment (Harvell et al. 1999). Avian cholera in wild terrestrial 
birds has increased rapidly in e.g. North America (Friend et al. 2001) and 
this is likely to be a result of several factors, e.g. the loss of suitable habitats 
(Daszak et al. 2000), which increases the concentration of birds in remaining 
areas. 
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The first registered account of avian cholera in common guillemots (in 
1998) is described in V. The disease was first recorded in the Baltic Sea in 
1997, when large numbers of common eiders Somateria mollissima were 
found dead around Denmark (Christensen et al. 1997). Several factors can 
contribute to this incident and it is unclear whether climate change, ecosys-
tem changes or merely “more research” explain this documentation. Avian 
cholera in common eiders has recently been discovered (presumably for the 
first time) also in the Canadian Arctic (G. Gilchrist, personal communica-

tions). 
Modelling of the adult survival of common guillemots at Stora Karlsö in-

dicated that annual adult survival was high at 94 %, i.e. very similar to esti-
mates from other common guillemot studies. In 1998, however, after the 
avian cholera outbreak, survival was as low as 79 %. 

 Common guillemot adult mortality can also increase due to oiling (Ols-
son et al. 1999) and bycatches (IV). The results in V indicate that disease 
can have a significant impact at the population level and the information on 
adult survival of common guillemots presented is one important component 
for population modelling.  

The complex dynamics of ecosystems continue to present new challenges 
and surprises to managers and researchers. That avian cholera has been 
documented for the first time in the Baltic Sea may be an early warning sig-
nal of the predicted increase in diseases in wild populations, although the 
disease may also be related to natural overcrowding or other variables, e.g. 
food quality (see I & II).  
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Conclusions and challenges 

This thesis has described how a fish-eating seabird has been affected by 
changes in the fish community (bottom-up effects), partly influenced by 
fisheries. Human-induced changes have also cascaded down the food web to 
influence fish and zooplankton populations. Despite the simple food web 
studied, it is evident that common guillemots are not affected only by bot-
tom-up or top-down processes, but by a number of complex interactions. 
Reduced seal populations and increased primary production are both likely 
to have increased the abundance of prey fish available for common guille-
mots, although overfishing can result in reduced stocks of prey fish. The 
thesis also deals with direct impact on common guillemot survival, indicat-
ing that both bycatches and unexpected diseases can substantially affect one 
of the most critical life-history traits, adult survival. Marine birds can be 
used as indicators of change, but they can also be used as a tool to communi-
cate the web of complex ecological interactions in the Baltic Sea.  

An ecosystem approach requires that we understand interactions between 
species, but also that we understand the linkages across spatial and temporal 
scales. One way to implement the ecosystem approach in fisheries manage-
ment is to integrate knowledge of seabird consumption requirements in to 
the ICES definitions of “safe biological limits” for the clupeid (sprat and 
herring) stocks, to take account of the role common guillemot play in clupeid 
consumption. This total consumption in the Baltic (Lyngs & Durinck 1998) 
may seem insignificant at the scale of the entire Baltic Sea, but is substantial 
at the scale of the area around the seabird colony, where commercial fishing 
is also considerable (Österblom unpublished). Another outstanding challenge 
is to link the pelagic food web dynamics observed in the Baltic Sea with 
those observed in the coastal zone. An additional challenge is to use the data 
on bycatches, disease and adult survival presented in this thesis for future 
population modelling and sensitivity analysis. 

Recently developed models to understand ecological networks (e.g. struc-
ture and interaction strength; Bascompte et al. 2005) holds potential for 
novel insights into Baltic Sea food web dynamics.  
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Sammanfatting 

Påverkan på en nivå i näringsväven kan resultera i dynamiska effekter även 
på andra delar av ett ekosystem. Den här typen av dynamik kallas för kas-
kadeffekter, som kan vara både ”top-down” och ”bottom-up”. Efter en kraf-
tig minskning av Östersjöns torskbestånd, skedde en kraftig ökning av dess 
huvudsakliga föda, skarpsill. Skarpsillens föda, djurplankton, minskade un-
der samma period, troligtvis som en kombination av ökad predation från 
skarpsill och sjunkande salthalter. Skarpsillens födobrist resulterade i att 
dess kvalitet som föda för sillgrisslor påverkades negativt. Ett ökat fiske 
efter skarpsill har däremot återigen förbättrat skarpsillens kvalitet som föda.  

Mänsklig påverkan på näringsväven kan vara komplex. Vid början av nit-
tonhundratalet var marina däggdjur vanliga i Östersjön, och närsaltnivårerna 
var låga. Den här avhandlingen visar att den situationen motsvarade betyd-
ligt lägre nivåer av fiskbiomassa. Minskade sälbestånd tidigt under seklet 
resulterade i en förlust av ”top-down” kontroll, som innebar att fiskbestån-
den ökade. Senare, under 1950-talet, mobiliserades stora mängder bunden 
fosfor från bottensedimenten, som ett resultat av seklets största inflöde av 
saltvatten. Detta stimulerade kvävefixering, som tillsammans med mänskligt 
orsakad näringsbelasting ökade primärproduktionen. Denna snabba föränd-
ring från ett näringsfattigt- till ett näringsrikt hav, kan beskrivas som ett re-
gimskifte, och stimulerade ytterligare fiskbestånden. Överfiske av torsk led-
de sannolikt därefter till ett andra regimskifte, från ett torsk- till ett skarpsill- 
och strömming-dominerat ekosystem, med de beskrivna konsekvenserna för 
sillgrisslor.  

Ett antal faktorer påverkar sillgrisslans långsiktiga överlevnad. Bifångster 
i fiskeredskap är en faktor som direkt påverkar arten, och andelen bifångade 
sillgrisslor ökade under en period av ökande fiskeansträngning. Överraskan-
de nog kan arten även påverkas negativt av fågelkolera, en sjukdom som inte 
tidigare har dokumenteras hos sillgrissla. Information om sillgrisslornas 
beteende och livshistoria kan illustrera mångfalden av de faktorer som på-
verkar marina ekosystem. Förhoppningsvis kan det öka vår förståelse för hur 
komplexa även relativt ”enkla” näringsvävar är.   
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