










































































































































































Sea and use its resources sustainably. This is not possible without understanding the complex 
processes as well as causes and consequences, and transforming this knowledge to scientific advice 
for environmental policy makers.

The landscape of management policies and regulations relevant to the Baltic Sea is broad and 
multileveled - a recent analysis revealed over 80 international, European and regional policy 
regulations and action plans, which have a direct relevance to the Baltic Sea. Despite this multiplicity 
the Baltic Marine Environment Protection Commission, HELCOM and more recently the spatial 
planning organization VASAB, offer a channel for mediating the science contribution to management 
activities.

Baltic Sea science has contributed in many ways to creating the knowledge base for the 
development of HELCOM's action plans. The lesson learned is the need for adaptive management. 
In such a management approach, the decision-making is based on progressively increasing 
scientific knowledge and the related action plans on iterative adjustments, taking into account 
spatial and temporal scales and differences, the level of uncertainty as well as socio-economic 
developments.

An appropriate structure for science governance and funding, such as the policy driven joint Baltic 
Sea Research programme BONUS, is necessary for fostering the development of effective, 
knowledge-based 'fit-for-purpose' regulations and management practices as well as for facilitating 
the science - policy communication based on multidisciplinary and visionary research.

4. Setting new objectives: Maintenance of functional diversity, food 
webs and ecosystem services

In the past, monitoring and basic research has been focussed on specific compartments of the 
ecosystem, ranging from the physical and chemical drivers to specific units, such as commercial fish, 
macroalgal communities or specific heavy metals. Currently, however, we are becoming increasingly 
aware that these units are linked, and cannot be comprehensively understood or managed without 
profound knowledge of these linkages. The utilization of designated ecosystem services cannot be 
sustainable unless we take into account the cascading impacts on all levels of the ecosystem. As the 
species composition inevitably changes over time and in space (as explained in (2) above), and 
empty/available niches are increasingly occupied by non-native species (or by species of currently 
low commercial value), one way forward is to look beyond the species-composition (which is not the 
same as neglecting the taxonomy and biology of the organisms), and focus on the functional 
properties and aspects of diversity. Biodiversity in itself (ranging from molecular levels to species to 
functional levels) is valuable, but the current concept of conserving species and habitats may be of 
limited value unless we (a) acknowledge that natural change will transform them over time, and (b) 
understand their inherent functional properties. Linking the functional traits and their categories of 
the entire range of organisms in the Baltic Sea to the food web-concept is a major challenge for 
future research efforts: Although species-richness in itself is valuable, ultimately it will be the 
functions the organisms (species) perform that will sustain the ecosystem, and thus there is an acute 
need to understand these properties. From a management-perspective it is not trivial to understand 
that although species compositions may be different in defined sub-habitats, the functional linkages



and the food-web properties may in fact require a broader understanding. It has been suggested 
that ecosystems that are rich in species will also be rich in functions, and vice-versa. Currently, 
however, there is accumulating evidence that the functional properties may in fact be surprisingly 
robust throughout the Baltic Sea gradient, potentially offering unifying links for the ways we manage 
the sea. From a resilience-perspective this is also intriguing, as the number of species fulfilling 
certain food-web linkages and/or functional properties/pathways will still vary along the gradient. 
How these properties and characteristics respond to large-scale environmental change is one of the 
main challenges for future research, which may ultimately help in setting environmental targets for 
the ecosystem.

The concept of ecosystem services emerged from the Millennium Ecosystem Assessment. One way 
of thinking about this concept is to regard it as the amount of 'interest' that can be drawn down 
from natural capital (the ecosystem) without undermining the natural capital itself. The types of 
services may be classified into: supporting services (e.g. nutrient cycling, soil formation, primary 
production), regulating services (e.g. climate regulation, flood regulation, water purification), 
provisioning services (e.g. food, fresh water), and cultural services (e.g. aesthetic, spiritual, 
recreational and other non-material benefits). Ecosystem services may be used to produce benefits 
(such as material goods, work and leisure opportunities etc) and these stem from a chain of events 
that connect the ecosystem to human beneficiaries.

Understanding this chain of events, the value of the services and the factors that limit them is crucial 
when deciding how the system can be exploited (or conserved). Not all of the services can be drawn 
down at the same time; the Baltic cannot have crystal clear water and be teaming with fish at the 
same time and there are inevitable trade-offs. This way of looking at ecosystems is relatively new 
and requires considerable interdisciplinary science. So far, there are few studies of the ecosystem 
service concept and its application to resource use in the region and this is a clear area for 

accelerated future development.

5. Tackling multiple stressors and cumulative impacts

Marine life in a water body such as the Baltic Sea, with a dense population and heavy economic 
activities, is obviously rarely, if ever, exposed to one particular stressor. Instead, marine life is 
exposed simultaneously to a variety of stressors, comprising either large-scale unmanaged ones (e.g. 
ocean acidification), and/or site-specific managed ones (e.g. noise from underwater installations and 
shipping). It can be expected a priori (and the few case studies available support the notion), that 
the joint action of several stressors is quantitatively and qualitatively different from the action of 
each individual stressor (often higher). This implies the need for developing appropriate assessment 
and management approaches considering multiple stressors and their potential cumulative impacts 
on the ecosystem and the services the ecosystem provides human society. Ecosystem diagnosis is 
one particular challenge, i.e. the retrospective identification and quantification of cause-effect 
relationships between an observed ecological impact and the set of biotic, chemical and physical 
drivers that act in concert and jointly push the system away from good environmental status.



In order to account for multiple stressors we need

1) conceptually sound approaches on how to model and predict the joint action of multiple 
stressors, for which it will be critical to agree on a consistent nomenclature;

2) the corresponding model-validation studies;
3) agreed approaches on how to rescale different stressors into one (or a few) holistic 

descriptors for "good environmental status of the Baltic Sea";
4) the means to rank and prioritize the stressors present at a site or an area, in order to provide 

options for management.

The initial holistic assessment of the Baltic Sea that was recently published under the auspice of 
HELCOM is a first substantial step to describe the status of the Baltic Sea ecosystem in relation to the 
presence of multiple stressors. Much progress has also been made during recent years in developing 
approaches for predicting and assessing the joint toxicity of complex chemical cocktails, tools that 
might serve as templates for similar approaches that enable multiple stressor assessment. Finally, it 
should be stressed that the optimization and integration of biological, chemical and physical 
monitoring programs as well as adequate data storage and documentation will be critical to 
manage and act on the cumulative impacts of multiple stressors.

6. Legacy issues, delayed responses and unpredicted change

The Baltic Sea experiences many different perturbations, both natural and human-induced (e. g., 
eutrophication, climate variability and change, exploitation of fish and marine mammals, 
contamination, invasion of non-native species). The responses to these perturbations occur at 
different time scales, depending for example on which part of the food web is impacted, on the 
structure of the food web itself, and on the current state ("initial" conditions) of the system 
immediately prior to perturbation. Smaller biota (i.e. organisms with a rapid turnover and large 
recruitment potential) with short lifespans are likely to respond quicker to perturbations than larger 
biota with longer times to maturity and slower population growth rates. Perturbations therefore 
may not affect (or be detectable in) some biota until several years or even decades after their 
initiation. For example, 20th century eutrophication impacted lower trophic levels, including creation 
of larger and more frequent anoxia events, earlier than higher trophic levels such as piscivorous fish. 
Moreover responses of biota to perturbations can be delayed because of reservoir effects: a 
reduction in nutrient loading may not have detectable effects on food webs for many years because 
reservoirs of nutrients may continue to supply nutrients to primary producers. Likewise future 
impacts of climate change or an invasive species on specific biota or the Baltic food web could be 
minimal, until certain threshold conditions (e. g., temperatures that ensure or prevent high 
reproductive success; abundances of a predatory invader) are surpassed, thereby altering population 
demographics. Moreover biotic and food web responses to perturbations may not necessarily be 
reversible following changes in intensity or direction of the drivers. This suggests that biotic 
responses to perturbations, and higher-order food web properties such as resilience and recovery 
potential, depend on species and trait assemblages of communities.

Many "legacy" contaminants still exist in the Baltic environment due to their large historical use and 
extreme persistence. Once generated, they can persist in soils, sediments and waste depositories for



periods extending from decades to centuries. Transport mechanisms such as discharge and 
evaporation from land areas and transport from contaminated soils and sediments result in long 
residence times before entering the Baltic food chain and this sometimes causes delayed responses 
even centuries after banning their use. Accordingly, effects may emerge in regions that are not the 
most exposed to these contaminants but may be more vulnerable (for example dioxins that are 
highest in the northern Baltic despite lower loadings than in the southern Baltic). Similarly, 
environmental response to any mitigation efforts will often also take a long time to become visible.

Understanding the occurrence and consequences of legacy issues, delayed responses and 
unpredicted changes therefore requires both regular system monitoring and data collection about 
the state of the system, increased knowledge of species and functional group responses to 
perturbations and interactions among species and functional groups within food webs. The 
current absence of such knowledge means that forecasts of how Baltic ecosystems, biodiversity, 
species and populations will react to its multiple, cumulative and interacting drivers will remain 
uncertain.

7. Invasive species and ecosystem restructuring

The Baltic has been subjected to the arrival and 'outbursts' of invasive species as a natural process 
since it was established in its current form after the Holocene. Humans have accelerated this process 
and provided vectors for species to be introduced from all over the planet and the rate of invasions 
has accelerated from the 'natural' rate as a consequence. Invasive species often occupy available 
niches that result from human damage to habitats. Currently, there are some 120 known invasions 
to the Baltic Sea marine ecosystem, but many of them have remained at low abundance and/or local 
(e.g. harbours and river mouths)/regional (e.g. coastal lagoons, archipelago areas etc) distributions. 
The EU Habitats- and Biodiversity Directives stipulate that biodiversity shall not be altered or 
reduced, and invasive species are oftentimes considered as threats, a priori, to the ecosystem, but in 
a changing environment, the role of species invasions must be judged in a nuanced manner.

Invasions can trigger major functional changes to ecosystems, potentially resulting in shifts in food 
webs or even the remobilisation of contaminants and nutrients previously trapped in sediments (e.g. 
the arrival of the polychaete worm Marenzellaria spp in the 1980s, which has also proven to be 
potentially beneficial for hypoxic areas, i.e. potentially also providing positive ecosystem service in 
the coastal regions of the Baltic Sea). Some species, such as the ctenophore (comb jelly) Mnemiopsis 
leidyi have arrived but not resulted in the huge devastation they caused to the Black Sea or Caspian 
systems, perhaps as a result of lower temperatures in the Baltic - but this could change as the 
climate gets warmer. Several species are also known to have an impact on human use of the 
ecosystem, thus directly affecting our use of the natural resources provided by the marine 
environment. It is important to understand the role of invasive species, not only as negative factors 
but also of their functional role in the system and the likely change in their abundance as a result 
of new human vectors or by climate change. There are major gaps in our knowledge in this area 
(taxonomy, function, distribution, behaviour, risk of arrival).



8. Difficulty to understand causality with the currently available data 
and information

The Baltic Sea is considered to be one of the best studied marine systems on earth, with detailed 
information on a variety of factors within natural sciences going back to the late 1800’s. There is a 
considerable amount of information about many aspects of human impact on the coast and the 
open sea. Despite the large amount of data, and that many of the key pressures influencing the 
Baltic Sea environment have been described, their relative impact is described only in approximate 
terms, sometimes only qualitatively and without a holistic approach. The level of uncertainty with 
regard to the system’s responses to pressures and mitigation measures still needs to be reduced.

There is a need for interdisciplinary studies on the socio-economic and ecological systems that 
interact and develop jointly. One of the key problems is that results from biogeochemical models, 
food-web models and economics cannot be easily combined. Furthermore, there is a gap between 
the scientific research and integrated management, including, for example, fisheries management, 
spatial planning, impact analyses and regulations concerning economic activities.

So far, most studies have addressed current or past situations, and only one or a few drivers of 
change. New knowledge is needed to explore alternative scenarios for future options for 
sustainable development and predict their effects on ecosystem functions and services, taking into 
account the global change and changing societies.

9. Uncertainty and precaution

Epistemic uncertainty must not be confused with biological variability. The former results when a 
lack of data (i.e. incomplete information) is available to the risk assessor or manager. Uncertainty 
can hence be lowered by recording and evaluating additional data. Variability, on the other hand, 
can be increasingly well described by generating more data, but is of constant size. Uncertainty also 
needs to be distinguished from simple ignorance and bias, i.e. the systematic deviation of a 
measurement or model from reality.

Despite the fact that the Baltic Sea is one of the best researched sea regions in the world, 
considerable uncertainties remain that hamper integrative ecological monitoring and management. 
This includes for example incomplete information on the loads of nutrients and hazardous 
substances entering the system, their fate and temporal trends in the various compartments of the 
Baltic Sea and the hazards they might pose to marine life.

Marine management cannot be postponed until all knowledge gaps are closed - which might be an 
unattainable goal for many sources of uncertainty, as the Baltic Sea is a highly dynamic, constantly 
evolving system. Management decisions therefore often have to be taken under conditions of 
considerable uncertainty. Employing adaptive management, multi-criteria decision making, 
participatory governance, and the precautionary principle provide formalized or at least semi­
formalized approaches that enable action under conditions of uncertainty.



Characterizing the uncertainty and variability of pressures, stressors, their impacts and interactions 
is critical, in particular to prioritize future monitoring and research. Unfortunately, despite a 

growing body of academic literature, formal guidance for uncertainty description and 

quantification in marine risk assessment and management is largely missing, and the current 

practice of science-based advice often does not adequately addresses the issue. The aim to achieve 
and maintain good environmental status might be particularly challenging in this context. It is 
currently absolutely unknown, how the necessary holistic integration of a broad range of 
descriptors, each one based on a unique set of criteria, indicators and hence uncertainties, affects 
the overall uncertainty of the assessment.

10. How many levers can managers pull?

There are a limited number of practical measures that can be taken to improve the state of the Baltic 
and optimise its ability to generate ecosystem services. The use of these 'levers' is associated with 
research gaps (on their effectiveness, the way they are employed and the collateral effects), data 
availability and monitoring gaps (where there is insufficient information for a management decision). 
The effectiveness of each 'lever' is also different. The expert group has made a preliminary attempt 
to illustrate the magnitude of the gaps as well as the potential impact of the 'lever' for improving the 
Baltic. This does not examine the political, economic or technical factors involved in deciding how 
each of these measures is employed and to what extent.

Table 1. Examples of measures that can potentially be used for the benefit of the ecosystem, the gaps in current 
knowledge associated which these measures, and the potential leverage that can be obtained for optimising sustainable 
use of ecosystem services. Number of stars indicates the size of the research gap, the size of the data/monitoring gap and 
the leverage that the corresponding measure provides for a sustainable use of ecosystem services, respectively. * = small 
gap; ***** = large gap; * = Iow leverage; ***** _ high potential leverage.

Measure Research gap Data/monitoring gap Leverage for 
optimising 
sustainable use 
of ecosystem 
services

Control of nutrient loads * *****
Land use *** ** *****
Coastal engineering *** *** **
Disposal of hazardous 
substances (air, land and 
sea) and sewage

**** **** *****

Fishing (manage effort and 
selectivity

*** (i. e., ecosystem 
effects poorly 
understood)

*(i. e., fish & stocks 
relatively well 
understood)
**** (i. e., ecosystem 
effects poorly 
understood)

*****

Shipping (including ballast 
water)

* *** ***

Removal of top predators * * **
Drilling and dredging * * **



Renewable energy ** **** *
Artificial reefs * * *
Aquaculture ** * ***
Protected areas ***** **** *****
Marine spatial planning ***** (cumulative 

impacts)

*** *****

Currently, there is nothing in place in the Baltic that can address all of these levers simultaneously 
in an integrated, holistic fashion, and which can predict the overall consequence of their use. This 
is a particularly important shortcoming for marine spatial planning where the trade-offs need to be 
explicit. We reiterate the huge uncertainties associated with cumulative impacts from different 
stressors (five stars).

Not everything can be managed (on the scale of the Baltic) and some of the unmanageable issues 
are also major system drivers that need to be monitored and understood. Key problems are

• Legacy hazardous substances and nutrients
• Climate change (including increased precipitation) and acidification
• Water exchange with the Atlantic (including long-term large-scale variability)

11. Delivering reasonable science-based advice

In presenting our findings, we do not want to give the impression that there is a general deficiency in 
research and monitoring on the Baltic; there is a huge wealth of knowledge and expertise. Our 
discussions did reveal a number of critical gaps however and these make it sometimes difficult to 
give useful and consistent advice to policy makers who are faced with difficult decisions involving 
trade-offs, while pursuing a stated intention to restore and maintain the Baltic Sea in a 'Good 
Environmental Status'. The existing knowledge gaps currently hamper our ability to select an 
optimum science-based management approach for the various pressures in the Baltic Sea. At worst, 
unrealistic or even fundamentally wrong long-term goals might be pursued, based on a faulty 
assessment of the prevalence, spatio-temporal dynamics and interactions of the various pressures 
and impacts. To a large extent, this can be avoided by addressing the gaps we have highlighted and 
by conducting scenario analyses, all in the context of adaptive management.
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Background

The Baltic Sea area is a highly disturbed ecosystem strongly affected by anthropogenic 
activities, which in turn impact more or less resident bird populations. Eutrophication of 
the Baltic Sea is often considered as the main factor behind the observed increase of eider 
populations in the Baltic until 1990. A surplus of nitrogen and phosphorous led to in­
creased biomass of phytoplankton, which in turn benefited filtrating blue mussels that is 

the main food of eiders. In contrast, the eider has shown a dramatic population decrease 
between 1992-93 and 2007-09 (- 51%, Ottvall 2012). It should be noted that there are 
large regional differences in population trends within the Baltic Sea area: the population 
trend is similar in Sweden and Finland whereas the Danish eider population size has been 
constant since 1988 (Christensen and Bregnballe 2011).

Population trends of other bird species have shown a similar pattern of substantial popu­
lation increases followed by decreases. For example, the Swedish population of the herring 
gull decreased by 20-29% between 1998 and 2008, but then from a historically high popu­
lation size likely caused by the now discontinued use of open waste dumps (Ottvall et al. 
2008). Moreover, overfishing of large predatory fishes, such as the cod, in the Baltic Sea 
has caused a predatory release1 of sticklebacks and other smaller fish. In turn, this is a 
likely explanation for the significant population increases of fish-feeding bird species such 

as common tern, arctic tern and razorbill in the Baltic Sea area (Ottvall et al. 2008).

1 Occurs when a predator species is removed from a prey species by, for example, a great reduction 
in the predator population size, which releases the prey from one of the factors limiting its popula­
tion size.

1
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Mussel-eating ducks other than eider have also shown dramatic population decreases 
since 1992-93: common scoter -48%, velvet scoter -56%, and long-tailed duck - 65%. A 
compilation of existing knowledge of reasons for population declines of mussel-eating 
ducks in the Baltic Sea area since 1990 was recently published (Ottvall 2012). It is con­
cluded that most researchers agree that multiple, interacting factors are behind the ob­

served population declines. These include:

1) Food shortage or reduced food quality, due to reduced eutrophication level of some 
parts of the Baltic Sea (e.g. in Denmark), leading to reduced breeding success and/or 

making ducks more susceptible to diseases (Skov et al. 2011).
2) Increased predation pressure on nesting eider females mainly due to a recovering 

population of the white-tailed eagle (Kilpi and Öst 2002).
3) Recurring oilspills in areas where many ducks congregate during winter (e.g., 

Hoburg bank south of Gotland where a large part of the long-tailed duck population 

overwinter; Larsson and Tydén 2005).
4) Fishery bycatches leading to the death of 200 000 birds per year (Zydelis et al. 

2009).
5) Hunting causes the direct death of 65 000 eiders annually in the Baltic Sea area and 

may also indirectly lead to reduced physiological status due to lead poisoning 

(Hollmén et al. 1998).
6) Diseases have repeatedly been shown to increase both adult and juvenile mortality in 

the Baltic Sea area eider population (e.g., bird cholera in Denmark, reovirus in Fin­
land). Lately, bird paralysis or so-called bird death in Sweden has received much at­
tention. One of the main hypotheses is that thiamine (vitamin Bi) deficiency may 

explain the paralysis syndrome (Balk et al. 2009a).
7) Persistent pollutants such as PCB and mercury that accumulate along food chains, 

leading to reduced breeding success through, for example, thinner egg shells (but 

see Franson et al. 2000).
8) Climate change affecting salinity and water temperature, in turn affecting eider food 

quality (blue mussel nutritional value) and/or time of breeding (Lehikoinen et al. 

2006; Waldeck and Larsson 2013).

2
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Thiamine deficiency as a significant factor behind bird population declines 
Thiamine (vitamin B1) is involved in several basal metabolic processes. It is essential for 
many organisms, and in aquatic systems it is mainly produced by phytoplankton and 
transferred to top predators via zooplankton grazers and planktivoric fish. Stress factors 
such as salinity, temperature and light conditions can alter the thiamine content of phyto­
plankton. In a recent PhD-thesis, Sylvander (2013) suggested a pattern of trophic dilution 

of the thiamine content of the pelagic food web in the Baltic Sea. The higher the trophic 
level of an organism, the lower was its thiamine content. Thiamine deficiency has been 
reported in Baltic populations of the Atlantic salmon as early as in 1974 (Norrgren et al. 

1993).

Increasing numbers of wild birds dying from a paralytic syndrome around the Baltic Sea 
area have been reported from the southernmost part of the Swedish coast (from 2002 to 
2008 in Skåne, and from 2000 to 2007 in Blekinge; Table St in Balk et al. 2009a). This 
disease has been observed in various bird species but predominantly in relatively large, 

colony-nesting birds such as the herring gull (Table Si in Balk et al. 2009a). Fifty-four 
percent of 837 bird individuals from Skåne showed signs typical of different stages of the 
paralytic syndrome (first indication is difficulty in keeping wings folded, followed by the 
loss of ability to fly, complete paralysis, and finally death). Although the authors could not 
report any incident of adult eiders dying from paralytic disease in Skåne, they report oc­
currence of paralytic syndrome in adult eiders from Södermanland and/or Blekinge 
(number of individuals or proportion were not reported in Balk et al. 2009a). The authors 
also suggest that thiamine deficiency in egg yolk and newly hatched eiders could explain 
the near-absence of eider pulli in Södermanland between 2004 and 2007 (see also Balk et 

al. 2009b). The role of thiamine deficiency to explain the paralytic syndrome was purport­
edly evidenced by the improvement observed upon thiamine treatment of 9 out of 14 af­
fected herring gull individuals over a 4-year period (but see Sonne et al. 2012).

The authors further suggest that thiamine deficiency is a cause of the recent decline of 
certain bird populations around the Baltic Sea area. Thiamine deficiency is “a possible 
cause for observed population declines” (Balk et al. 2009a),”most probably has contribut­
ed significantly to declines in many bird populations during the last decades” (Balk et al. 
2011), and is “the dominating cause of the observed population declines in many bird spe-

3
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cies during the last three decades” (Balk et al. 2012). Thus it seems as if their level of con­
fidence has increased as time progresses despite a lack of new (published) data.

The thiamine deficiency hypothesis has attracted considerable attention, but the research 
behind it has also been questioned on several issues:

a) Rocke and Barker (2010) stated that many of the clinical signs of the paralytic syn­
drome are shared by other diseases such as avian botulism (see also Neimanis 

2007). Balk et al. replied (2010) that they do not want to exclude botulism as a 
secondary effect of thiamine deficiency.

b) Sonne et al. (2012a) used a systematic approach to review the literature and found 
that paralysis in birds may be caused by a multitude of factors including intoxica­

tion (botulism, contaminants), deficiencies (vitamins, elements, minerals) or infec­
tious agents (virus).

c) Sonne et al. (2012b) stated that simple population models are not adequate to 
make a case for the thiamine deficiency hypothesis. Data restricted in time and 
space were used to parameterize population models for long-lived and widely dis­
tributed species (i.e., herring gull and eider) that may be affected by different pres­
sures between summer and winter, and between years (see also compilation by 
Ottvall 2012). Thus the link between population declines and thiamine deficiency 
is weak.

However, Tillitt et al. (2012) warned against a causal dismissal of thiamine deficiency as a 
plausible cause of excessive avian mortality and population declines. They drew a parallel 
to their work with salmonid predators in the Great Lakes, U.S.A., where thiamine defi­
ciency could explain large-scale recruitment failure.

To conclude, thiamine levels are low in birds from the southern parts of the Baltic Sea ar­
ea, and the causative agent(s) explaining low levels of thiamine in birds need(s) immediate 
research attention. But it is yet unclear whether this deficiency is a significant factor ex­
plaining the bird paralytic syndrome. Moreover, until further studies have been performed 
it is premature to suggest a causative link between the paralytic syndrome and declines in 
many bird populations in the Baltic Sea area. This was also concluded in the Scientific 
Memorandum requested by the Swedish Environmental Protection Agency (Sonne et al. 
2011): “Although paralytic syndrome caused by thiamine deficiency may have contributed

4
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to breeding failures in some bird populations, it has yet to be demonstrated that paralytic 
syndrome has contributed significantly to long-term declines of European bird species”. 
In fact, with the exception of Blekinge, monitoring performed by personnel from several 
county boards in southern Sweden has not discovered more than a few new cases of birds 
with paralytic syndrome since 2009 (Ottvall, pers. comm.).

Search scoping

The thiamine deficiency hypothesis fulfills many of the mandatory and optional criteria 
for a systematic review: a) it deals with problem descriptions whose scientific support is 
insufficient, disputed or incompletely known, b) it is controversial and the subject of great 
public attention, c) it is seen as an environmental policy issue of high concern, and d) it 
deals with new forms of environmental pressures. However, it is not covered in the scien­
tific literature to such an extent that a systematic assessment can be implemented. Only 7 

hits are returned by the Web of Knowledge when using different combinations of Baltic, 
thiamine and bird (see below).

Systematic Review question: Is thiamine deficiency a significant cause of declining bird 
populations in the Baltic Sea area?

Web of Knowledge searches made September 4 and 9, 2013:

Thiamin* AND Baltic AND (avian OR bird* OR eider* OR gull* OR waterbird*) 7 hits

Thiamin* 11993 hits

Thiamin* AND deficienc* 2447 hits

Thiamin* AND deficienc* AND salmon* 95 hits

Thiamin*AND salmon* 296 hits

Thiamin*AND gull* 4 hits

Baltic AND (avian OR bird* OR eider* OR gull* OR waterbird*) AND 

(decline* OR decrease* OR change*) AND (population*) 81 hits

Baltic AND (avian OR bird* OR eider* OR gull* OR waterbird*) AND

5
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("chronic disease*" OR contaminant* OR deficienc* OR

"infectious disease*" OR mercury OR neurolog* OR nutrion* OR

organochlorine* OR paralysis OR selenium OR thiamine OR "vitamin A"

OR "Vitamin B" OR "Vitamin D" OR "Vitamin E" OR zinc)) 66 hits

Ongoing and future studies

Lennart Balk and colleagues at ITM, Stockholm University, are currently investigating 
factors explaining low levels of thiamine in eiders and blue mussels. The interactions be­
tween the benthic fauna and sea ducks in a changing Baltic environment are also being 
studied by Kjell Larsson, Högskolan Gotland. Furthermore, sea duck population sizes are 
monitored by Leif Nilsson, Lund University. To investigate the potential link between thi­
amine deficiency and bird population declines, a coordinated effort between researchers 
from different disciplines is needed. For example, it could be worthwhile to continue to 
monitor thiamine levels of eiders and herring gulls along different parts along the coast to 
the Baltic Sea. These two species could act as model species with different autecological 
strategies but sharing a similar population decline since the year 2000. If outbreaks of the 
paralysis syndrome occur, thiamine level tissue sampling should be done on both para­
lyzed individuals and those not showing any signs. Both are long-lived species so adult 

mortality is likely to be a more limiting factor on population sizes than reproductive suc­
cess in single years (known to strongly vary between years in the eider). Therefore, sam­
pling of thiamine levels in egg yolk may be a less successful strategy. Tissue sampling of 
adult individuals should be performed alongside long-term monitoring of population sizes 
in different locations along a north-south gradient (cp. Balk et al. 2009). It may then be 
possible to provide at least correlational evidence linking thiamine deficiency to popula­
tion declines. Given the strong anthropogenic influence on bird populations in the Baltic 
Sea area other hypotheses should be explored simultaneously.
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