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Background
In 2017/2018 a number of BONUS projects will be completed, delivering new results of potential use in
HELCOM and individual Contracting Parties to both support the implementation of the existing
commitments and feed into policy developments.
Upon the initiative of the HELCOM Secretariat, a workshop to present the results of the eight BONUS
projects focusing on climate change, nutrients, biodiversity and social and economic analysis was held
on 6 November 2017 in Stockholm, Sweden, hosted by the Baltic Nest Institute.
The workshop was attended by the representatives of the BONUS projects, the Chairs of HELCOM Pressure
and State and Conservation working groups, the BONUS and HELCOM Secretariats (c.f. List of Participants
in Annex 1).
This document contains joint conclusions from the workshop as well as key findings and main policy
relevant results from the individual projects.
In addition, management recommendations for genetic biodiversity by BONUS BAMBI are contained in
Annex II.
The document aims to a) start informing the management level in the Contracting Parties of new scientific
results, b) consider next opportunities for knowledge exchange between HELCOM and BONUS projects, c)
support in general the envisaged Ministerial Meeting outcomes.
The results of the projects can also be of potential use when preparing a new chapter on conclusions in the
updated “State of the Baltic Sea” report.

Action requested
The Meeting is invited to:
-

take note of the joint conclusions from the workshop and selected results by the BONUS projects
and offer general feedback on the relevance of the new project results to HELCOM work;
take note that the third BONUS symposium: Sustainable ecosystem governance under changing
climate and land use in the Baltic Sea region, 14-16 March 2018, Gdansk, will be an opportunity to
present the detailed results of the projects BONUS BALTICAPP, GO4BALTIC, MIRACLE and
SOILS2SEA.
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Workshop on Monday, 6 November 2017, Stockholm, Sweden

HELCOM-BONUS projects joint document
1.

Introduction

The BONUS programme has underpinned good progress in HELCOM work and substantial contribution has
been made by the BONUS projects to HELCOM. HELCOM aims to continue good cooperation with BONUS
also in the future.
HELCOM will hold a ministerial level meeting on 6 March 2018, in Brussels, under the EU Chairmanship of
HELCOM. It is envisaged that the HELCOM Ministers will embark on an update of the HELCOM Baltic Sea
Action Plan (BSAP). Strengthened implementation of the existing commitments under the BSAP by 2021
will also be in focus of the Ministerial Meeting.
In 2017/2018 a number of BONUS projects will be completed, delivering new results of potential use in
HELCOM and by individual Contracting Parties to both support the implementation of the existing
commitments and feed into policy developments.
Upon the initiative of the HELCOM Secretariat, a workshop to present the results of the eight BONUS
projects focusing on climate change, nutrients, biodiversity and social and economic analysis was held
on 6 November 2017 in Stockholm, Sweden, hosted by the Baltic Nest Institute.
The workshop was attended by the representatives of the BONUS projects, the Chairs of HELCOM Pressure
and State and Conservation working groups, the BONUS and HELCOM Secretariats (c.f. List of Participants
in Annex 1). The following projects were presented:
BONUS BALTICAPP - Wellbeing from the Baltic Sea – applications combining natural science and economics
(1 April 2015-31 March 2018)
BONUS BAMBI - Baltic Sea marine biodiversity – addressing the potential of adaptation to climate change
(1 January 2014-31 December 2017)
BONUS BIO-C3 - Biodiversity changes - causes, consequences and management implications
(1 January 2014-31 December 2017)
BONUS COCOA - Nutrient cocktails in coastal zones of the Baltic Sea – improving understanding of the
transformation and retention of nutrients and organic matter in the coastal zone
(1 January 2014-31 March 2017)
BONUS GO4BALTIC - Coherent policies and governance of the Baltic Sea ecosystems
(1 April 2015-31 December 2018)
BONUS MIRACLE - Mediating integrated actions for sustainable ecosystem services in a changing climate
(1 April 2015-31 July 2018)
BONUS PROMISE - Phosphorus recycling of mixed substances, (1 April 2014 – 31 March 2017)
BONUS SOILS2SEA - Reducing nutrient loadings from agricultural soils to the Baltic Sea via groundwater
and streams, (1 January 2014-31 March 2018)
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This document contains joint conclusions from the workshop, finalized by the Secretariat (section 2) as well
as key findings and main policy relevant results from the individual projects (section 3). Regarding the
results of the BAMBI and BIO-C3 projects, more specific conclusions on potential use in HELCOM have been
drawn by the Secretariat.
The conclusions are based on presentations by the BONUS projects at the workshop and after joint
discussion in a more overarching context to evaluate the result and their relevance for HELCOM work. 1
It should be noted that some of the presentations made in the workshop give preliminary results from
ongoing projects, which will be scrutinized further before final dissemination. In addition, inherent
uncertainties in the analyses or due to assumptions made within the studies should be recognized. The
conclusions have been drafted with this in mind, in order to provide to be as general as possible at this
point in time.
The document aims to a) start informing the management level in the Contracting Parties of new scientific
results, b) consider next opportunities for knowledge exchange between HELCOM and BONUS projects, c)
support in general the envisaged Ministerial Meeting outcomes.

2.

Joint conclusions from the workshop

One overarching conclusion that could be drawn from the results is that climate change is affecting all parts
of the Baltic ecosystem and needs to be an integrated aspect of measures for biodiversity as well as
nutrient reduction, to ensure that measures to mitigate impacts from climate changes are included. As
exemplified further below, climate is foreseen to affect the distribution of species and genetic diversity in
the Baltic Sea, as well as the systems resilience to nutrient loading.

Biodiversity protection and MPAs
 Biodiversity has to be explored in a wider context, including functional, population and genetic levels,
as opposed to mainly focusing on taxonomic diversity.
 Due to the large number of locally adapted populations in the Baltic Sea, climate change is projected to
have substantial biodiversity management implications.
 There is need to both increase and utilize the accumulated knowledge with regards to local adaptation
and genetic structure, in management under climate change.
 The results of projects call for adapting the current approach to biodiversity conservation, especially in
relation to maximizing the adaptive potential under climate change. In this context it is important to
emphasize Blue Corridors and make use of tools available to assess retention versus connectivity
among areas in the Baltic Sea.
 Climate change is an overall pressure on biodiversity. Measures to mitigate the effects of climate
change should be taken into account in conservation measures. This recognition, combined with the
inherent sensitivity of the Baltic Sea ecosystem, calls for increased efforts towards adaptive
management.

Nutrients
 Future climate change will increase the need for nutrient reduction measures.
 Use of local knowledge and consideration of local priorities, as well as understanding of naturally
occurring biogeochemical processes, can help reducing nutrient loads:

Full BONUS project portfolio (October 2017):
https://www.bonusportal.org/files/4526/BONUS_projects_Oct_2017.pdf

1
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o

The process for planning measures to reduce nutrient input according to e.g. the WFD, Rural
Development Program and Flood Directive, is primarily occurring at the national and regional level
and does not necessarily take local conditions and initiatives sufficiently into account.

o

Spatially differentiated regulations, taking into account area-specific nutrient retention capacity,
may reduce nutrient loads to the Baltic Sea coastal areas more cost-effectively than uniform
solutions.

o

A more flexible approach to the identification of measures, which takes into account local priorities
and initiatives, will improve the participatory stakeholder process and can support a locally
optimized adaptation of measures.

o

Improved understanding of nutrient and carbon cycling in coastal ecosystems of the Baltic Sea
provides information for spatially differentiated measures and may complement the nutrient
reduction scheme.

 Costs of nutrient reduction measures are increasing when approaching the targets, which emphasize
the importance of applying cost-effective solutions.
 Measures that are designed with a combined aim of serving different policy goals, such as regarding
nutrients and climate change, increase cost-efficiency and may provide multiple benefits.


The ecosystem services approach and spatial analyses are potentially effective tools to identify
synergies between measures and trade-offs.

 Reuse of nutrients in sewage sludge from waste water treatment plants is still hampered by residues of
pathogens, pharmaceuticals and heavy metals and the fraction of bioavailable phosphorous may be
limited depending of the processing of the sewage sludge. Novel methods are needed to reduce the
output of harmful substances in sewage sludge and increase the possibility of recycling of nutrients.

Social and economic analysis
 BONUS projects will produce assessments on how nutrient loads, state of the marine environment and
the provision of core ecosystem services would develop under different climate change and socioeconomic scenarios. Such projections can be interpreted as baseline, or business-as-usual scenarios,
against which scenarios with additional water protection efforts and policies can be weighed.
 Cost-effectiveness analysis of measures to improve the state of the marine ecosystem can lead to the
identification of lowest cost measures and reductions in the costs of policy implementation. The choice
of cost-effective abatement is more important and challenging today when many low cost measures
have already been implemented.
 The cost-effectiveness of policies, measures and instruments is analyzed and modelled as part of
several BONUS projects, and the coherence between policies that affect land-use, the marine
environment and climate is investigated.
 It is important to account for multiple effects of measures in economic assessments (e.g. effects on
nutrient loads, climate change and other aspects), as this may affect the results of the assessments.
 Cost-benefit analysis can provide a broader assessment of the multiple effects of policies or measures,
and be a fruitful way of engaging and communicating with stakeholders regarding future water
governance approaches.
 The BONUS projects will produce results on the costs and benefits of nutrient abatement scenarios
targeting the entire Baltic Sea, and of water governance scenarios suggested by stakeholders targeting
multiple ecosystem services from inland waters in individual catchments (e.g. recreation, biodiversity,
erosion, and flood control).
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 The projects will provide information on the spatial distribution and values of marine ecosystem

services, and the benefits of achieving good status for specific descriptors, including eutrophication,
biodiversity and ecosystem health, marine litter and non-indigenous species.

3.

Key findings and main policy relevant results of individual BONUS projects

BONUS BALTICAPP - Wellbeing from the Baltic Sea – applications combining natural science and economics
(1 April 2015-31 March 2018)
Will future generations be able to benefit from equally rich assortment of the Baltic marine ecosystem
services as ours and the earlier ones have been fortunate to enjoy? How much additional effort in terms of
nutrient abatement and fisheries management would be needed to reach and to maintain the good
environmental status of the sea? Should we commence clearly more substantial and costly actions
immediately, or can we afford to wait a bit longer? How might the costs and benefits from securing a
sustained flow of marine ecosystem services evolve in the future?
BONUS BALTICAPP project addresses these questions by exploring the long‐term prospects for demand and
supply of marine ecosystem services. To this end, the project combines state‐of‐the‐art models and
recently acquired ecological and economic information to understand the causal chain of interactions
between the natural and human systems.
The policy relevant outcomes of the BONUS BALTICAPP will include:
•

Global socioeconomic scenarios (Shared socioeconomic pathways, SSPs) extended and the global
climate scenarios (Representative Concentration Pathways, RCP4.5 and RCP8.5) downscaled for the
Baltic Sea region

•

Baseline projections of nutrient emissions to the Baltic Sea for the period of 2010-2100 and for
combinations of SSPs and RCPs

•

A novel model describing the joint impacts of N and P fertilization on crop growth and nutrient
leaching from agricultural land

•

spatially and temporally detailed long-term projections of water quality, marine flora and fauna and
core ecosystem services for selected combinations of regionally downscaled SSPs and RCPs.

•

translation of outputs from coupled climate-environmental modelling to a suite of quantitative
indicators for selected core ecosystem services

•

Information about the relationship between recreation choices and site characteristics

•

knowledge of how Baltic Sea ecosystems contribute to lifestyles and provide wellbeing to citizens

•

projections of the value of cultural ecosystem services, particularly recreation, and their change in
the Baltic for changing levels of eutrophication and climate change

•

cost-benefit analysis summarizing the long-term economic and ecological consequences of
alternative nutrient abatement and fisheries control policies under climate change and anticipated
socio-economic developments

•

set of maps describing the future provision of selected provisioning and cultural ecosystem services,

•

recommendations for attainable and cost-effective policies to reach and maintain the good
environmental status of the Baltic Sea
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BONUS BAMBI- Baltic Sea marine biodiversity – addressing the potential of adaptation to climate change
(1 January 2014-31 December 2017)
General:
The research project BONUS BAMBI investigates the genetic biodiversity of the Baltic Sea and how it is
managed. Genetic biodiversity increases resilience and resistance to extreme events of population, enhances
local adaptation, and is linked to increases in ecosystem function (e.g. eelgrass and Fucus) The overarching
goal is to describe the genetic structure of key-ecosystem species, and investigate whether or not these Baltic
populations will be able to survive and adapt to changes in temperature and salinity predicted by climate
models.
The project also works on dispersal potential (and subsequent genetic exchange) and how this links to
ecological coherence of the Baltic Sea MPA networks. It demonstrates how a new theoretical framework can
be used to explicitly include connectivity in the design and assessment of MPA networks. The novel idea is
that connectivity is linked to the dynamics of the meta-population (or meta-community) which the MPA
network intends to protect.
New information resulting from the project work:
• Although recognised and included in international and national policies, genetic diversity is not considered
in management of Baltic ecosystems or species. In the policy context this topic is not defined enough
and/or does not have clear goals or strategies available for management purposes, resulting in local
managers lacking knowledge, time and resources to take genetic diversity into account in their work.
• Specific genes linked to abiotic aspects (temperature, salinity etc) which have a high likelihood of being
affected by climate change have been identified.
• Genetically Baltic Sea species tend exhibit a high degree of local adaptation, both compared to
neighbouring seas, and between areas within the Baltic. Active management measures may be necessary
to mitigate large losses of some locally adapted species under climate change.
• A new theoretical framework has been developed which can be used to explicitly include connectivity in
the design and assessment of MPA networks.
• It has proven difficult to identify hotspot areas of general genetic diversity, as species seem to exhibit
species specific genetic diversity distribution. As a result focus of conservation efforts should be on habitat
forming and/or keystone species
Use for HELCOM:
The work of the BONUS BAMBI project can potentially be made use of in HELCOM work related to the
designation and management of marine protected areas and climate change.
Forward looking:
• Support the implementation of international and national policy commitments in the regional MPA
management plans and goals, e.g. by incorporating practical management measures relating to genetic
diversity in its guidelines on conservation designation and management.
• Highlight the importance of genetic diversity in the update of the BSAP.
• Make effective use of existing scientific knowledge regarding genetic diversity in both fisheries
management and MPA designation.
• Need for a platform for bridging the gap between managers and researchers in order to learn and
exchange experiences on how to take genetic diversity into account in management.
• Support the development of genetic mapping and monitoring programs for key ecological species.
• Efforts should be focused on preservation of populations with high genetic diversity and on maintaining
large population sizes to avoid bottlenecks and founders effect. When resources are limited focus on
habitat forming species as a “catch-all” option can be warranted.
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BONUS BIO-C3- Biodiversity changes - causes, consequences and management implications
(1 January 2014-31 December 2017)
General:
Diversity at the genotype, species, population, habitat and functional levels is closely linked to pivotal
ecosystem features, such as stability and functioning. BONUS BIO-C3 targets all of the above levels in the
Baltic Sea, and adopts a dynamic view on biodiversity by accounting for the evolutionary potential of
populations and species to adapt. Key project objectives are to:
i)
ii)
iii)

determine linkages between biodiversity and ecosystem functioning,
assess effects of interacting natural and anthropogenic drivers on biodiversity and ecosystem
functioning as well as provision of goods and services in the past, present and future, and
evaluate implications and develop tools for an integrated, adaptive management of the Baltic Sea.
In doing so, it goes beyond traditional biodiversity inventories, and will allow us to use insights
derived from the analysis of past and recent changes to improve predictions of possible futures of
the Baltic Sea.

New information resulting from the project work 2:
• Climate-change impacts such as warmer temperatures, changed biogeochemical processes and more
river-run off can worsen eutrophication symptoms
• Changes in salinity, temperature and oxygen concentration will reduce available habitat sizes for
successful reproduction in many fish species. Under realistic end-of-century ocean acidification
projections recruitment of Eastern Baltic cod will be 10% under otherwise BAU scenario
• Profound changes in zooplankton community were recorded at the deep-water stations of the
southern Baltic Sea.
• Significant impacts of hydrological parameters and climatic forcing is to be expected on pelagic foodweb structure and dynamics. This in turn will affect how the Baltic Sea provides goods and services
such as food, clean water and employment to society.
• Identified the need to consider the functional properties of biodiversity, i.e. what do organisms do
rather than to what species they belong.
• The functional traits approach may better reflect our human needs and impacts on the marine
ecosystem, compared to traditional taxonomical ones.
• The functional properties are more robust, but over time function will also change, providing
indications of how the ecosystem may be developing under given large-scale impacts of e.g. climate
change.
• For environmental protection measures to be effective, it is vital to not only designate specific (often
rather small) sites as marine protected areas, but also to be aware of and understand aspects of
connectivity both within and between areas.
• Connectivity within the present HELCOM-MPA/N2000 is generally OK but the project can suggest some
specific improvements.
• Adequacy, measured as local retention, is generally OK in the HELCOM-MPA network but fails in many
N2000 areas.
Use for HELCOM:
The BONUS BIO-C3 project work on MPA connectivity, climate change, linkages between biodiversity and
ecosystem functioning and the effect on these factors from interacting with natural and anthropogenic
drivers can potentially be made use of in HELCOM work. Specifically so related to the designation and
management of marine protected areas, as well as work on invasive species and proposed HELCOM work

BONUS BIO-C3 findings concerning Baltic Sea fish populations are in most cases co-produced and shared by its “sister
project” BONUS INSPIRE (February 2014- January 2018).

2
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on climate change. The work on hydrological parameters could inform on upcoming work on (climate
change) indicator development and the subsequent monitoring efforts.
Forward looking:
• Urgent need for adaptive management of fisheries and development of new indicators to measure
status of fish stocks.
• Review and test suggested indicators for validity within HELCOM
• Identify vectors for NIS
• Develop a better understanding of available habitat for key species under climate change
• Develop the understanding of the functional traits approach to ecosystem function
• How much would BSAP help under climate change and can the targets be reached in their current
form?
• Further expand on the concept and possibilities of spatial ecology.

BONUS COCOA - Nutrient cocktails in coastal zones of the Baltic Sea – improving understanding of the
transformation and retention of nutrients and organic matter in the coastal zone
(1 January 2014-31 March 2017)
•

•

•

•

•

Significant nutrient removal is taking place within the coastal zone, but the removal efficiency is highly
variable among coastal ecosystems. Lagoons in the southern region are efficient in nitrogen removal
through denitrification, whereas archipelagos are efficient in phosphorus removal through
sedimentation and burial. Overall, it is estimated that the coastal zone removes 16% and 53% of
nitrogen and phosphorus inputs from land, respectively. Knowledge on this filter effect will improve our
estimates for nutrient reductions to achieve BSAP ecological targets.
Nutrient removal is more efficient in coastal ecosystems with a diverse biological configuration. Benthic
fauna and vegetation enhance the microbial processing of nutrients through various transport
processes. For example, Marenzelleria spp. can significantly enhance phosphorus burial.
Increased understanding of processes delivering and transforming organic matter within the coastal
ecosystem. Sediments are a source of dissolved organic matter, but the organic matter pool is rather
labile and changes character within coastal systems having longer retention time.
High-frequency sensors of oxygen, PAR, temperature and salinity can be used to estimate ecosystem
metabolism on daily basis. This will provide important indicators for understanding differences among
coastal ecosystems in their autotrophy/heterotrophy, as well as monitoring changes in trophic state
over time.
Incorporation of biological processes in state-of-the-art coastal biogeochemical models document the
importance of biology in regulating nutrients through the coastal zone. These models are valuable for
assessing the system-specific removal efficiency under different nutrient scenarios.

BONUS GO4BALTIC- Coherent policies and governance of the Baltic Sea ecosystems
(1 April 2015-31 December 2018)
The overall goals of BONUS GO4BALTIC, and the expected final results, are to obtain a larger knowledge
about coherence, synergies and conflicts, between national and international environmental and
agricultural policies across the Baltic countries. Hereby the project is expected to provide policy relevant
advice and recommendations for reductions of the eutrophication in the Baltic Sea in coherence with
climate and agricultural policies. The results will be synthesized in a Socioeconomic Baltic Sea Action Plan.
The methods used in BONUS GO4BALTIC include a variety of approaches - from model analyses of
development in agriculture at farm-, sector-, catchment-, national and regional scales. Policy analysis and
cost-effectiveness analyses of measures to mitigate eutrophication and climate change are also central in
the project, building on the intensive research efforts that have been ongoing for more than two decades in
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the Baltic Sea. All parts of the projects have been started up during the first and second period. A central
part of the project is the GO4BALTIC Farm Survey which sample information on fertilizer handling etc, as
well as land use measures and incentives in Sweden, Finland, Poland, Estonia and Denmark, in total approx.
2500 farmers.

BONUS MIRACLE - Mediating integrated actions for sustainable ecosystem services in a changing climate
(1 April 2015-31 July 2018)
The BONUS MIRACLE project focuses on developing new methods, concepts and governance approaches
via a collaborative approach to reconcile diverging perceptions linked to different stakeholders on how to
address water management issues, including reduced nutrient losses and flood risks, from a systemic
perspective. Some key insights are:
•

Current governance systems risk enhancing existing power relations instead of ensuring a true
inclusive and participatory process to encompass locally prioritized issues and measures.

•

Working with systemic issues has been shown to enhance an inclusive and more equitable multistakeholder and this has brought on board new constellations of stakeholders, thereby providing
new opportunities for innovation and spaces for synergies to emerge.

•

MIRACLE’s systemic approach fostered actions and governance innovations that were nested at
intersections of “silos”. This in turn could lead to greater opportunity for stakeholders to breakout
of silos and or disciplinary domains (methodological and conceptual silos)

•

The scientific approaches supporting water governance in the BSR are poorly adapted to support
systemic governance configurations, and tend to reproduce one dimensional approaches.

•

Position holders determine which stakeholders views are rational in a decision making process. Our
emergent finding suggests that position holders choose those stakes which magnify and or
reproduce power differentials in the system.

•

The Water Framework Directive, Common Agricultural Policy and Rural Development Programmes
are insufficiently flexible to support bottom-up initiatives and measures targeting multiple
ecosystem services in catchments, and including diffuse-source nutrient loading. Measures
prioritized locally for enhanced ecosystem services are sometimes not part of the planning process
of measures at the regional and national level.

•

Interactive visualization bears great potential to enable exploration of complex data, e.g. spatial
differences in nutrient transports, in participatory stakeholder processes provided that a relevant
scale and aggregation level is chosen. A Cost Benefit Analysis (CBA) of multiple benefits based on
transparent, consistent and dynamic calculations can be used interactively to stimulate discussions
over the different impacts, assumptions, and “what if?”-outcomes.

•

The cost-effectiveness analysis shows that water management measures in RBMP or selected by
stakeholders mitigate N & P nutrient loads in a relatively costly way, underlining the need to
consider multiple benefits of measures.

•

Funding at national and Baltic Sea Region levels is insufficiently coordinated and targeted to water
management priorities, e.g. flooding and nutrient transport, in rivers not meeting “good status”.

•

Basic measures in the River Basin Management Plans (RBMP) and cross-compliance under the
Common Agricultural Policy are applied inconsistently by member states- harmonization of minimal
standards for good agricultural practice could help increase the effectiveness of nutrient
management in the BSR.

•

Model results indicate limited effects of current RBMP or locally suggested measures on the nutrient
transport to the Baltic Sea in 2030, partly due to the relatively small scope envisioned. There is also
a risk for an enhanced nutrient load from the basin as an effect of climate change
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BONUS PROMISE - Phosphorus recycling of mixed substances
(1 April 2014 – 31 March 2017)
BONUS PROMISE tackled an important question of how to improve phosphorus utilization from manure
and sewage sludge and this way prevent phosphorus from ending up in the Baltic Sea.
•

•

•

Anaerobic digestion is currently a common method for handling P-rich organic materials, such as
manures and sewage sludges prior to spreading on agricultural fields as nutrient sources (P, N, K etc.).
While the content of pathogens, antibiotics and heavy metals in these materials may pose a risk to the
environment or humans and even prevent the agricultural use. We studied the effect of anaerobic
digestion on the content of harmful substances as well as on P bioavailability. As an alternative method
for recycling P-rich materials, incineration followed by ASHDEC-method was tested on its effect on P
bioavailability in sewage sludge ash.
For the manure and sewage sludge samples collected from Finland, Sweden and Germany, anaerobic
digestion was a poor method for destroying pathogens, such as Salmonella, Cryptosporidium and
Giardia, which were frequently detected in the samples. Neither were the concentrations of antibiotics
degraded during anaerobic digestion. Heavy metal concentrations (Zn, Cu, Cr, Cd, Pb, Ni, Hg) were not
affected by the digestion either, however, they were under the limits of sewage sludge directive and
only occasionally exceeded the stricter limits set by Finland, Sweden or Germany. Sewage sludges had
higher heavy metal concentration compared to manures. Most relevant heavy metals in manures were
Cu and Zn.
Phosphorus bioavailability in manures was comparable to mineral phosphorus fertilizers, whereas
phosphorus in sewage sludges had much lower bioavailability due to the use of iron and aluminium
compounds for phosphorus precipitation at the waste water treatment plants. Digestion had no effect
but incineration of manures and sewage sludge decreased drastically phosphorus bioavailability.
However, it was regenerated by the ASHDEC-method. Incineration and ASHDEC seem to have clear
potential for improving P recycling from sewage sludges without risks related to harmful substances.

BONUS SOILS2SEA - Reducing nutrient loadings from agricultural soils to the Baltic Sea via groundwater
and streams, (1 January 2014-31 March 2018)
•

•

•

•

BONUS SOILS2SEA assesses the nutrient load to the Baltic Sea under changed climate and land use in
2050. Furthermore, BONUS SOILS2SEA develops and tests the concept of spatially differentiated
regulation of agriculture as a smart way of reducing nutrient loads by exploiting the fact that the
retention (removal by biogeochemical processes or sedimentation) of nutrients in groundwater and
surface water systems shows a significant spatial variation, depending on the local hydrogeological and
riverine regime.
Data and knowledge from field study catchments in Denmark, Sweden, Poland and Russia have been
used to improve the HYPE model simulating water flows and nutrient transport for the entire Baltic Sea
drainage basin.
This has in particular focused on improving HYPE’s capability to predict the effect of spatially
differentiated regulatory measures. To support this, BONUS SOILS2SEA has produced a new map of N
retention in groundwater throughout the Baltic Sea drainage basin. Preliminary results suggest that the
nutrient loads to the Baltic Sea are likely to increase between 2% and 13% for N and between 6% and
20% for P as a response to climate change, while the ranges are substantially larger for individual
catchments. Similarly, preliminary results suggest that land use change, depending on socio‐economic
developments, may lead to either a substantial decrease or a dramatic increase in nutrient loads.
Analyses of differentiated regulation with spatially targeted measures for the agricultural cultivation
areas and in streams/wetlands indicate that the N and P loads can be decreased substantially without
significantly affecting the agricultural production. Preliminary results suggest that the potential gain in

Page 9 of 11

•

terms of decrease in nutrient loads vary considerably between individual catchments from a few
percentage up to 25 % depending on spatial variation in groundwater retention and land use. Analyses
also show that it will be difficult to exploit the full potential in practice due to constraints in agricultural
land use and management as well as the uncertainties associated with groundwater retention at finer
spatial scales.
The differentiated regulation with spatial targeting of measures within catchments implies that
stakeholders (farmers) are affected differently. Except for economic compensation, a precondition for
this to be acceptable by stakeholders, if enforced by central authorities through traditional top‐down
regulations, is that the local scale information on the spatial variability of nutrient removal is
reasonably accurate. As this will require more local data than is typically available today, new
governance concepts are required to exploit the full potential gain from differentiated regulation.
Results from a series of stakeholder workshops in the three study areas followed by regional
stakeholder workshops suggest that the governance regime should be tailored to the local socio‐
economic and cultural context. Furthermore, in some countries with a strong tradition for local
cooperation and a high level of societal trust, a cogovernance system with delegation of some decision
power to local stakeholders may be better capable of handling the large uncertainties in local scale
data and hence better exploit the potential gain from spatially differentiated regulation.
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BONUS-BAMBI
Management recommendations
Improve adaptive potential of Baltic Sea species
- include genetic diversity in management
Maintaining biodiversity is a crucial goal for the
Baltic Sea. But it cannot be reached without
also protecting the diversity within species –
the genetic diversity. Increased awareness and
recognition of the role of genetic diversity is
therefore needed.
Genetic diversity is the biological variation that occurs
within species. It forms the basis for all biodiversity and
makes it possible for species to adapt when the
environment changes. Large genetic diversity within
dominant species positively affects ecosystem resilience
and function.
The genetic diversity of Baltic Sea species is unique and
particularly vulnerable. It has been shaped over thousands
of years by natural selection, resulting in local adaptation
to the brackish environment.
Populations of marine species in the Baltic show lower
levels of genetic diversity than elsewhere and remaining
variability needs protection. The most efficient way to
counteract loss of genetic diversity is to maintain large
and well connected populations.
Small and isolated populations will rapidly lose genetic
variation resulting in lower adaptive capacity, loss of
resilience and weak potential for long-term survival.
Activities such as heavy fishing, stocking, or habitat
fragmentation can negatively affect the genetic
diversity.

The BONUS BAMBI research project
BAMBI is short for Baltic Sea Marine Biodiversity a project funded by the BONUS EEIG under EU:
bonusportal.org
The project ran 2014-2017 and was led by
Professor Kerstin Johannesson at University of
Gothenburg.
More about BAMBI: www.bambi.gu.se
More about genetic diversity of the Baltic Sea:
bambi.gu.se/baltgene

The Baltic salmon is strongly structured genetically. Historically
each river harbored at least one genetically unique population. Lost reproduction of separate rivers has resulted in loss
of unique biodiversity. BAMBI research shows that such losses
also affect the system of salmon populations as a whole; when
separate populations are removed, the rate of loss of diversity
will increase in remaining rivers. Further, compensatory releases
pose genetic threats to wild salmon. Photo: Ingemar Petersson/
Azote

Genetic diversity is variation at the DNA level (here symbolized with colors). It forms the basis for all biodiversity. The adaptive potential of species, and the resilience of ecosystems relies on genetic diversity (colors at species and ecosystem levels symbolize diversity at
those levels). Illustration: Jerker Lokrantz/Azote

Genetic diversity not considered in MPA management
Halting the loss of biodiversity is a global priority included
in the UN Sustainable Development Goals. At EU level,
member states are responsible for implementing the Birds
and Habitat Directives and ensuring that species and
habitats are protected. The European Commission’s new
Action plan for nature, people and the economy consists of
15 actions to be carried out by 2019. By accelerating the
member states’ implementation of the Birds and Habitats
Directives, the Commission hopes to improve the overall
protection of Europe’s threatened species and habitats.
As recognised in the UN Convention on Biological
Diversity this cannot be achieved without protecting
genetic diversity.
However, new research from the BONUS BAMBI project
shows that genetic diversity is insufficiently taken into
account in practical management. International and
national policy for genetic diversity is not reflected in the
management of marine protected areas (MPAs) in the
Baltic Sea1.
Marine policy at international and national level lags
behind with respect to genetics; targets and goals from
the Convention on Biological Diversity on genetic diversity
is clearly reflected in the EU Habitats Directive but not in
the EU Marine Strategy Framework Directive. An interview
study2 with regional managers working with MPAs in the
Baltic Sea supports the observation that genetics are not
considered, mainly because managers lack clear guidance
and knowledge of genetic diversity.

What is genetic diversity?
Genetic diversity is the occurrence of variation at the
molecular level of the DNA, resulting in variants
(alleles) of separate genes.
Genetic diversity is the basis of all other biological
variation. When we drain species of their genetic
diversity we destroy their adaptive potential and their
long term survival will be jeopardised. Genetic
diversity is particularly important under rapid
environmental change, such as in the Baltic Sea.
Most species are subdivided into local populations,
which are more or less genetically distinct. The reason
for the subdivision is often a combination of local
adaptation and isolation. If isolation increases for
instance due to loss of nearby populations then
genetic variation will likely decrease over time.

Knowledge is available
A recent synthesis3 of current knowledge of genetic
diversity for Baltic Sea species shows that for over 60
species, we have at least some data on genetic diversity.
For around 20 species, we have useful knowledge that can
inform management and conservation of these species.
This includes ringed, harbour and grey seals and harbour
porpoise, eleven of the most common fish species and a
number of habitat-forming species such as bladderwrack
and blue mussel.

Genetic uniqueness of Baltic Sea populations
Baltic Sea populations of a majority of species are genetically distinct. The uniqueness of the Baltic salmon was
recognised already in the 1980s and the cod east of Bornholm is, based on recent genetic data, a separate species.
The flounder and the bladderwrack have both diverged in
the Baltic Sea and formed new (and endemic) species. The
genetic distinction of Baltic Sea populations is coupled
with rapid genetic adaptation to the Baltic environment,
not least the low salinity.

Genetics of fish populations needs recognition
The majority of fish species form more or less genetically
distinct groupings within the Baltic. Most socioeconomically important species, including herring,
salmon, cod, trout and pike need management that
combines local and large scales. Locally, spawning grounds
of genetically different populations need maintenance.
Over large scales, naturally occurring genetic exchange
among local groups needs safeguarding and total
population size kept large.

Strong genetic differences in bladderwrack
The important habitat-forming bladderwrack exhibits
strong genetic differences between different parts of
the Baltic Sea. This means that if the bladderwrack is
lost in one part of the Baltic Sea, unique genotypes and
genetic variation are lost. In particular, the bladderwrack
in Southwestern Finland and Estonia is genetically very
different from other populations.

Many commercial fishes are subjected to strong fishing
pressures and release of individuals raised in captivity
(stocking) which poses risks of loss of genetic diversity.

In the Bothnian Sea and in the Gulf of Finland, bladderwrack and the closely related narrow wrack have evolved
asexual reproduction. Along the Swedish coast of the
Bothnian Sea one female clone is dominating most
populations, resulting in very low capacity for adaptation.
The populations in Estonia and western Finland are less
clonal and should be in focus for conservation.

Ensuring connectivity between marine protected areas
To maintain genetic diversity of species, their populations
should be large and well connected. Small and isolated
MPAs may result in populations rapidly losing genetic
diversity, which will jeopardise population persistence and
species survival.
Larval transport and drifting of individuals or reproductive
parts are crucial to connect populations. Modelling of
transport of larvae and individuals shows that the current
network of MPAs in the Baltic Sea do not fully ensure
genetic exchange between the single MPAs. Also, many
MPAs are too small. The models can be used to show how
the MPA network can be extended in order to improve
connectivity.

Large populations can harbour much genetic diversity (illustrated with many colours). Small population cannot do that and will rapidly
loose variation. Illustration: Jerker Lokrantz/Azote

Recommendations
Assure that the goals regarding genetic diversity in
international and national policy documents are
reflected in the regional MPA management plans and
goals.
Make effective use of existing scientific knowledge
regarding genetic diversity in both fisheries
management, and in designing MPAs. Use genetic
information in stock assessment of commercially
targeted fish species in order to prevent overharvest
of local stocks in mixed fisheries. Use information on
dispersal and population connectivity in the design
of networks of MPAs in order to allow dispersal and
genetic exchange between protected populations.
Support the development of genetic mapping and
monitoring programs for key ecological species,
including habitat-forming species such as bladderwrack, seagrass, mussels and socio-economically
important fishes such as salmon, cod, brown trout and
pike.

Bladderwrack and the closely related narrow wrack are the most
important habitat-forming seaweeds in the Baltic Sea, with a wide
distribution including the Bothnian Sea, Gulf of Finland, Gulf of Riga
and the Baltic Proper. Photo: Hans Kautsky/Azote

Bridge the gap between researchers and managers by
supporting platforms for regular meetings and knowledge transfer concerning genetic diversity so that
available knowledge can be used in management.
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