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Background 
This document contains the policy briefs produced by the BONUS SEAM project, in some cases prepared 
jointly with the BONUS FUMARI project, to be used as background information for the project results which 
will be presented as part of the Monitoring session at STATE&CONSERVATION 12-2020. 
 

BONUS SEAM 
A key challenge is to ensure that monitoring activity serves the widest range of needs in a streamlined way. 
New innovations for data collection and interpretation may also offer possibilities for further refining 
approaches to provide an increased return of information on investments in monitoring. 
SEAM works to identify gaps in relation to policy needs and scientific innovations and set out potential routes 
for improvement. In particular, the project critically analyse the adequacy of current Baltic Sea monitoring to 
support assessment requirements under different environmental polices. The project further reviews recent 
innovative approaches for a more cost-effective collection of data and evaluate their potential application in 
an operational monitoring programme. These steps aim at resulting in a proposal for a revised monitoring 
system for the Baltic Sea, which is to be tested with key policy and technical stakeholders. The analytical part 
of the project focuses on the offshore sub-basins, which requires particular coordination and cooperation 
between countries bordering the Baltic Sea. 
 

To achieve this objective BONUS SEAM follows a threefold approach: 

1. BONUS SEAM critically analyses the adequacy of current Baltic Sea environmental monitoring to 
support assessment requirements under different environmental policies, e.g. the assessment of 
status and trends, identify gaps and mismatches in relation to policy and science, and identify 
potential routes for improvement. 

2. BONUS SEAM reviews recent innovative approaches for a more cost-effective collection of data and 
evaluate their potential application in an operational monitoring programme. 

3. Building on these two steps BONUS SEAM develops a proposal for a revised monitoring system for 
the Baltic Sea, which is communicated to, and tested, with key policy and technical stakeholders, 
including those authorities in charge of the monitoring nationally, to ensure that there is a close fit 
with possible implementation routes.  

The outcome of BONUS SEAM will be a realistically applicable proposal for how the current system of 
monitoring in the Baltic Sea can be revised. BONUS SEAM also identifies priority research needs to contribute 
to the further development of Baltic Sea assessments over the longer-term. 
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BONUS FUMARI 
The aim of BONUS FUMARI is to make a proposal for a renewed monitoring system of the Baltic Sea marine 
environment. This requires a thorough review of the gaps between the monitoring requirements set in the 
international legislation and the existing monitoring and data management. BONUS FUMARI also explores 
the possibilities that novel monitoring methods can offer to address the shortcomings in the existing 
monitoring system. The recommendations aim to enhance the spatial coverage, comparability, sensitivity 
and cost effectiveness of Baltic Sea monitoring. 

The monitoring requirements are based on a wide range of international and European legislation, directives 
and policies. This can create overlapping and sometimes even divergent demands for the monitoring. 
Evaluating the current policy implementation with a gap analysis is necessary to define the synergies between 
various directives and to achieve their common goal of sustainable marine ecosystem management. 

BONUS FUMARI builds on past evaluations of relevant directives and combines these with the insights and 
lessons learned in the various freshwater and marine projects that the project partners and researchers have 
been involved in. The combined experience from both marine and freshwater monitoring will be a valuable 
basis for the evaluation and the new recommendations. 

Many stakeholders (e.g. ministries, national and regional authorities, NGOs etc.) are either directly or 
indirectly involved in the monitoring of the Baltic Sea. BONUS FUMARI involves these stakeholders 
comprehensively in the building of a better and more efficient monitoring system. 

Outputs of the project will include three review papers and related policy briefs that address current 
monitoring systems and their gaps in relation to legislative requirements, shortcomings and improvements 
of data management, and novel monitoring methods that could be applied in marine monitoring. 

BONUS FUMARI sets out to answer the following questions: 

• Does the current monitoring sufficiently address the requirements set by the European Union´s data 
collection regulation, Water Framework Directive and Marine Strategy Framework Directive, and 
HELCOM´s Baltic Sea Action Plan? 

• What are the most critical shortcomings in the current marine monitoring programs? 

• Which novel methods could efficiently enhance the coverage, cost effectiveness and reliability of the 
Baltic marine monitoring? 

• How and when can these novel methods be used in operational monitoring? 

• How could the monitoring system be rearranged and complemented with traditional and novel 
methods for improved coverage, sensitivity, and cost effectiveness? 

Action requested 
The Meeting is invited to take note of the information. 



The need for monitoring
Nine countries and 90 million people surround the Baltic 
Sea area. Human activities including � shing, shipping, was-
te-water release, agriculture, as well as industries impact the 
Baltic ecosystem profoundly. Monitoring of the marine envi-
ronment, its biodiversity and ecosystem services, describes 
how it is impacted by human activities, the state of the en-
vironment, and how it responds to management action. In 
particular, the monitoring needs to respond to the priorities 
and requirements of the HELCOM Baltic Sea Action Plan 
and key EU legislation like the Marine Strategy Framework 
Directive and the Water Framework Directive (Box 1). Mo-
nitoring needs to be continuously improved to ful� l these 
diverse requirements (Box 2), assure su�  cient spatial and 
temporal representation and to a� ain the precision needed 
to provide policy-relevant assessments. 

Policy Brief No 1/5

Identifying gaps and 
opportunities for future 
monitoring of the Baltic Sea
In the Baltic Sea, environmental status and 
responses to on-going management action are 
assessed by monitoring. Substantial improve-
ments have been made to the Baltic Sea monito-
ring system over the last few decades but to meet 
the future societal demands, it needs to be refi -
ned according to new policies and make use of 
novel technologies. BONUS FUMARI and BONUS 
SEAM identify gaps in current monitoring, pro-
vide recommendations on how to address them 
and develop suggestions on how to integrate 
new technologies that are in line with the new 
policies. 

from projects BONUS FUMARI and BONUS SEAM

Ph
ot

o:
 M

ai
ju

 L
eh

ti
ni

em
i

Ph
ot

o:
 M

ai
ju

 L
eh

ti
ni

em
i

Important legislation and commitments 
to safeguard the Baltic 

Marine Strategy Framework Directive (MSFD)
Aim: Take measures to achieve or maintain Good 
Environmental Status in the marine environment.
Monitoring: Coordinated programmes for the assess-
ment of the environmental status of marine waters 
based on six year cycles.

HELCOM – Baltic Sea Action Plan  (BSAP)
Aim: Protect the Baltic Sea and restore good ecological 
status of the Baltic marine environment.
Monitoring and assessment: Coordinated monitoring 
to assess the  state of the environment, the prevailing 
anthropogenic pressures and their impacts, the progress 
towards targets, and the effectiveness of measures.

Water Framework Directive (WFD)
Aim: maintain or achieve good status for coastal and 
transitional water bodies. 
Monitoring and assessment: A six year river basin 
management plan for each river basin district specifi es 
monitoring , classifi cation and reporting of  ecological 
status in coastal and transitional waters.

BOX 1

Zooplankton sampling on the 
Finnish research vessel Aranda.



Challenges in Baltic Sea monitoring 
� e common aim of the BONUS SEAM and BONUS FU-
MARI projects is to develop suggestions for revising the 
environmental monitoring system to further improve in-
formation on the Baltic Sea status. A starting point in this 
process is the identi� cation of current monitoring gaps and 
development needs. Our projects have conducted a stakehol-
der query, a comprehensive review of scienti� c literature and 
research reports, as well as analysed the adequacy of current 
Baltic Sea monitoring in relation to the assessment require-
ments under di� erent environmental policies.

� ese analyses revealed that using di� erent sources (e.g. 
scienti� c literature1 vs. stakeholder query2 or reports1,3 (Ta-
ble 13)) changes the ranking of importance of di� erent gaps 
and development needs. Project reports highlight gaps in 
data storage or handling, coordination of monitoring, or 
plans for new, but non-operational indicators. Scienti� c ar-
ticles and stakeholders highlight the lack of indicators, and 
insu�  cient monitoring of speci� c legislative requirements. 
� e gaps and challenges also di� er among monitoring com-
ponents (Box 2). Some components of monitoring do not 
cover fundamental criteria and variables, whereas others fail 
to produce the needed con� dence, resolution or internatio-
nal coordination. 

But all the sources used in the gap analysis agree that many 
aspects of the Baltic Sea monitoring system need to be im-
proved to provide more reliable and cost-e�  cient informa-
tion to support assessments and management.

Key monitoring requirements in the Baltic 

Marine Strategy 
Framework Direc-
tive descriptors 

The Baltic Sea 
Action Plan 
Objectives

Water Framework 
Directive quality 
elements

Biodiversity Clear water Biological 

Non-indigenous 
species

Concentrations 
of hazardous 
substances 

Hydromorpho-
logical 

Commercial fi sh 
and shellfi sh

Concentrations of 
nutrients 

Physico-chemical 

Food webs Healthy wildlife Priority list 
pollutants

Eutrophication Natural level of 
algal blooms 

Other pollutants

Sea-fl oor inte-
grity

Natural oxygen 
levels 

Hydrographical 
conditions

No alien species 

Contaminants Radioactivity 

Contaminants in 
seafood

Safe maritime 
traffi c 

Marine litter Thriving and ba-
lanced communi-
ties of plants and 
animals 

Energy inclu-
ding underwater 
noise

Viable popula-
tions of species

BOX 2 

aspects of the Baltic Sea monitoring system need to be im-
proved to provide more reliable and cost-e�  cient informa-
tion to support assessments and management.

ding underwater 
noise

tions of species

Broad habitat types
Infralittoral, circalittoral and offshore 
circalittoral coarse sediment

Infralittoral, circalittoral and offshore 
circalittoral mixed sediment

Infralittoral, circalittoral and offshore 
circalittoral mud

Infralittoral, circalittoral and offshore 
circalittoral rock and biogenic reef

Infralittoral, circalittoral and 
offshore circalittoral sand
Upper bathyal sediment or Upper 
bathyal rock and biogenic reef

Map of Baltic Sea sub-basins,  benthic broad habitat types and 
monitoring stations used in the 2018 HOLAS II assessment.
Map: Henrik Nygård, modifi ed from https://www.emodnet-seabedhabitats.eu.

The German research vessel ELISABETH 
MANN BORGESE on a research cruise. 
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The main development needs identifi ed will require to:
• Continue and improve the regional coordination of mo-

nitoring standards, quality assurance and data � ows espe-
cially for biodiversity, non-indigenous species, bycatch, 
hazardous substances, macro and microli� er. 

• Update the spatial and temporal coverage for many com-
ponents, especially for e.g. oxygen conditions, phyto-
plankton, zooplankton and monitoring of mobile species.

• Update benthic monitoring to meet current legislative 
requirements for area-based monitoring and improve re-
lated data � ows. 

Directions forward
� e syntheses identi� ed a broad variety of gaps and develop-
ment needs in current Baltic Sea monitoring and its ability 
to provide information to the assessment systems1,2,3. Prio-
ritisation of these gaps and development needs varies with 
the source of the gap analysis. Our future analyses will focus 
on (1) how existing methods and programs can be revised to 
improve reliability and cost-e�  ciency and (2) whether novel 
technologies can be applied to address gaps and and should 
be used to replace or complement existing methods.
More speci� cally, our upcoming policy briefs will focus on 
the following themes:
• Improvements to the monitoring of benthic and pelagic 

habitats and monitoring of hazardous substances.
• Novel and cost-eff ective monitoring technologies in Bal-

tic Sea monitoring and assessment.

• Suggestions for integration and collaboration between 
di� erent forms of monitoring.

• A synthesis of recommendations for improved monito-
ring of the Baltic Sea. 

Providing suggestions that will be considered and used to al-
ter the monitoring system of the Baltic Sea, is a very complex 
task. Wth the exception of � sh stocks, the current joint Baltic 
Sea monitoring is a combination of national programs, for 
which the states have full sovereignty. Any changes to it re-
quire consensus among countries with di� erent political pri-
orities, legal and institutional structures and socio-economic 
drivers.  To achieve the desired uptake of our suggestions, it 
is therefore crucial for our projects to have extensive interac-
tions with key stakeholders like ministries, national agencies 
and experts, as well as regional organisations. 

Joint stakeholder interactions
Our projects are commi� ed to collaborating and co-creating 
to ensure inclusion of all feedback and to increase the im-
pact on the future Baltic monitoring system. Our joint policy 
briefs are just one example of our collaboration. Whenever 
possible, we also engage in joint communication e� orts, 
workshops and interactions with experts and international 
advisory panels. We are con� dent that providing opportu-
nities for dialog with our stakeholders improves the quality 
and relevance of our work. 
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Fish survey in Kattegat.
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Conclusions
• Many aspects of the Baltic Sea environment are still insuf-

� ciently monitored
• Cooperation and bett er integration of national and inter-

national monitoring programs and infrastructure use is 
needed

• Improvements in standardization, data fl ow and data sha-
ring are necessary

• Rankings of the importance of monitoring gaps depend 
on the source of the gap analysis

• Proposals to improve monitoring depend strongly on the 
legislative context.

• Improvements in Baltic Sea monitoring, including its spa-
tial and temporal coverage and resolution, especially in 
the open sea and benthic compartment, are needed.

1. BONUS FUMARI Deliverable 1.1 Gaps in the current monitoring and data management of the Baltic Sea (Kahlert et al., 2019)
2. BONUS FUMARI Deliverable 1.2 Report on stakeholder survey (Kahlert et al., 2019) 
3. BONUS SEAM Deliverable 2.1. Holistic synthesis of reviews and analysis of current Baltic Sea monitoring and assessment (Emmerson et al., 2019)

Assesment of Gaps

Theme MSFD crite-
ria coverage

Confi dence of 
assessments

Spatial 
resolution

Temporal 
resolution

Coordination Ongoing improve-
ment initiatives

Physical oceanography ••• ••• •• •• •••

Hydrochemistry ••• ••• •• •• ••

Pelagic habitats •• •• •• •• ••

Benthic habitats • • • • •

Commercial fi sh stocks ••• ••• ••• ••• •••

Mobile species •• •• •• •• •• √

Biological pressures • • • • • √

Physical pressures •• •• •• •• ••

Hazardous substances •• ••• •• • ••

Other contaminants, litter 
and energy

•• •• •• •• •• √

TABLE 1: Overall assessment of gaps from analyses of reports3. Consult the full report for details.

TABLE 1

••• – Few gaps
••  – Some important gaps
• – Major gaps

BONUS SEAM – Towards streamlined Baltic Sea 
environmental assessment and monitoring

Coordinator: Mats Lindegarth, Swedish Institute 
for the Marine Environment
e-mail: mats.lindegarth@havsmiljoinstitutet.se

Team: Marie Storr-Paulsen, Technical University of 
Denmark
Inga Lips, Tallinn University of Technology
Henrik Nygård, Finnish Environment Institute
Detlef Schulz-Bull, Leibniz-Institut für Ostseeforschung 
Warnemünde

BONUS SEAM has received funding from BONUS 
(Art 185), funded jointly by the EU, the Swedish Research 
Council Formas and the Estonian Research Council.

THIS POLICY BRIEF summarises a syntheses on gaps and challenges in the current Baltic Sea monitoring system, 
conducted in the projects BONUS FUMARI and BONUS SEAM. The general aim of these projects is to develop recom-
mendations to improve the monitoring of the Baltic Sea. Our series of fi ve policy briefs provide comprehensive evi-
dence based perspectives on current and improved future monitoring and aim to support monitoring of the Baltic Sea 
ecosystem and its ecosystem services.ved future monitoring and aim to support monitoring of the Baltic Sea ecosys-
tem and its ecosystem services.

BONUS FUMARI – Future Marine Assessment 
and Monitoring of the Baltic 

Coordinator: Kristian Meissner, 
Finnish Environment Institute
e-mail: kristian.meissner@ymparisto.fi 

Team: Leoni Mack, University Duisburg-Essen 
Maria Kahlert, Swedish University of Agricultural 
Sciences
Antonia Liess, Halmstad University 
Kari Eilola, Swedish Meteorological and 
Hydrological Institute
Laura Uusitalo, Finnish Environment Institute

BONUS FUMARI has received funding from BONUS 
(Art 185), funded jointly by the EU, the Academy of Finland 
and the Swedish Research Council Formas.
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Monitoring of the structure and function of ben-
thic and pelagic habitats and threats by hazar-
dous substances are essential for assessing the 
state of the marine environment. Monitoring has 
a relatively long history in the Baltic Sea and 
common guidelines developed within HELCOM 
provide for comparable data and publication of 
regular assessments. 

However, cHanges in marine policies, such as the 
European directives, put new demands on the monitoring. 
Monitoring programmes also have to keep up with emerging 
threats to the environment such as new substances that are 
continuously placed on the market. Furthermore, these po-
licies require that the state of the environment is assessed 
with high precision and confidence. At the same time, new 
cost-efficient techniques occasionally become available for 
monitoring that can increase the number of samples with the 
same or less costs. 

BONUS SEAM has assessed the performance of current 
programmes in relation to central policies, in particular the 
Marine Strategy Framework Directive (MSFD) and the 
HELCOM  monitoring recommendations.1, 2, 3 Here we pre-
sent recommendations on how monitoring can be adjusted 
to better contribute to these policies and to the understan-
ding of Baltic Sea ecosystem.

BenTHic HaBiTaTs
Monitoring of benthic invertebrates has been ongoing in the 
Baltic Sea for more than 50 years and there is substantial data 
available, also on an annual basis. Most of the monitoring 
programmes were however started before the requirement 
on area-based assessments of the state of the environment. 
The monitoring of benthic communities is contrary often de-
signed to collect long-term data series for analysis of trends 
at single stations. BONUS SEAM has reviewed the benthic 
monitoring programmes in the Baltic Sea with respect to re-
quirements of current marine policies.1 

Representation of habitat types
According to the MSFD, assessments of benthic habitats 
should be carried out by ‘broad habitat types’ which inclu-
des five substrate types and three depth zones of relevance 
for the Baltic Sea. The current open sea monitoring is mainly 
focusing on muddy and sandy bottoms while rock and bioge-
nic reefs, as well as coarse substrates, are monitored only in a 
few sub-basins. Coarse and hard substrate are relatively rare 
in open sub-basins, but they have important roles in terms of 
ecological function or biodiversity and should not be neg-
lected.

Another notable aspect is the use of the available benthic 
monitoring data in status assessments. The indicator “State 
of the soft-bottom macrofauna community”, agreed and app-
lied in HELCOM, does not differentiate between broad ha-
bitat types, but the data may cover communities from three 
different habitat types. Further studies are needed to evaluate 
if it is appropriate to assess the three substrate types together 
as today, or if assessment criteria should be developed for the 
respective broad habitat type.
•	 To	improve	the	monitoring	of	the	condition	of	different	

habitats we recommenD that standardized monitoring 
guidelines are developed for a wider set of habitat types 

Policy Brief No 2/5

from project BoNus seam

strategies for revising  
monitoring in support  
of Baltic sea management

Investigating benthos samples in the Baltic Sea.
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and	biotopes.	To	ensure	consistent	assessments	it	 is	also	
essential that guidelines for current monitoring program-
mes are followed by all countries. 

Monitoring and assessment of extent  
of “adversely affected” habitats
Monitoring of spatial extent of benthic habitats are required 
through reporting of the area of habitat types ‘adversely affec-
ted’ under the MSFD and the assessment of distribution and 
extent of habitats and biotopes in the EU Habitats Directive. 
Currently, there is no common indicator in place to assess 
the spatial aspects of benthic habitats in the Baltic Sea.

National mapping projects have developed cost-efficient 
methods suitable also for habitat monitoring, but harmoni-
zation of the methodology to deliver data suitable for regio-
nal scale assessments has not been done. Also, the monito-
ring effort required to detect change in spatial distribution 
of biotopes have been evaluated in previous projects and is 
estimated to be considerable (HELCOM 2015). Common 
protocols for modeling habitat distribution are also required 
for a harmonized approach.
•	 For	 continued	development	 of	monitoring	 programmes	

addressing spatial extent, we recommenD that existing 
maps of broad habitat types for the whole Baltic Sea re-
gion are improved and validated.

•	 In	order	to	provide	assessment	of	proportion	of	adversely	
affected habitats, we recommenD that efforts are put 
into developing an indicator and assessment methodo-
logy, possibly involving predictive models, before revising 
the monitoring programmes.

Precision in assessment
Based on the indicator “State of the soft-bottom macrofauna 
community” and the data used in the HELCOM State of the 
Baltic Sea report (HELCOM 2018), the precision of indi-
cator results of the existing benthic monitoring programme 
were analyzed. The analysis focused on open sea areas since 
this is where data from different countries are integrated to 
assess status per sub-basin of the Baltic Sea. 

While the HELCOM monitoring manual give recom-
mendations about precision at scales of individual stations, 
our analyses showed that these were met in some sub-basin 

butnot	 in	others.	 Importantly,	 the	analyses	provided	a	 tool	
for quantifying precision and to allocate samples among sta-
tions and years in order to improve precision and represen-
tativity. For example, it is shown that in terms of assessing 
status in a sub-basin, replicate samples bring less new infor-
mation compared to if the sample is taken at a new station. 
This means that it is possible to increase the precision of the 
indicator result with the same number of samples, by redist-
ributing the sampling effort so that more stations are inclu-
ded. The results also show that with the current number of 
samples it is possible to improve the spatial representativity 
by distributing sampling stations more evenly between sub-
basins. Ultimately, the most precise status assessment would 
be reached if new stations would be sampled every year (Fi-
gure 1). This would, however, be in conflict with the aim of 
sustaining long-term monitoring stations and is thus not a 
preferred solution. 
•	 we recommenD that monitoring programmes are mo-

dified towards a compromise between adding spatial co-
verage, thus also increasing the precision, and securing 
long-term	time-series	at	certain	stations.	Improvement	of	
the precision will require coordination and cooperation 
between Baltic Sea countries. 

pelagic HaBiTaTs
BONUS SEAM has analyzed the adequacy of current pelagic 
monitoring programmes to support indicator-based assess-
ment and policy requirements and provides recommenda-
tions on how sampling frequency can be increased efficiently. 
The analysis is based on an evaluation of confidence in indi-
cator results of the latest HELCOM assessment on the State 
of the Baltic Sea.2 

Gaps and limitation in current pelagic monitoring
The confidence in indicator assessments of inorganic nu-
trients in the open sea is often ranked as low due to lack of 
monitoring data, although the situation varies between the 
assessment units that are applied in HELCOM. The indica-
tor on oxygen debt is considered to provide assessment re-
sults of high confidence but is restricted to the deep basins 
of the Baltic Sea and depend on the aggregation of data from 
several sub-basins.

Figure 1. Expected error of mean ”State of the soft-bottom 
macrofauna community” within sub-basins using the 
benthic quality index depending on the number of years of 
monitoring within an assessment period. Number of stations 
per year is ten and number of samples per station is one. 
Using the traditional strategy, where stations are repeatedly 
revisited, the total number of monitored stations during an 
assessment period of six years is 10, while using a strategy 
with new stations, the total number of stations is  
10 x number of years.0 
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Phytoplankton monitoring, including chlorophyll-a, re-
quires high temporal resolution during the growth season. 
For chlorophyll a this is currently achieved in open sea areas 
by combining data from in situ measurements, ferrybox flow-
through measurements, and remote sensing such as from 
Earth Observation satellites. For assessing the phytoplank-
ton community, the adequacy of current monitoring differs 
between the different indicators that are applied or under 
development. Some stations are clearly undersampled com-
pared with existing recommendations in HELCOM. 

Zooplankton monitoring stations are generally found in 
every open sea assessment unit with monitoring data series of 
more than 18 years in most of them. The data is used for the 
HELCOM indicator that integrates the mean size and total 
stock of the zooplankton. The spatial coverage is also satis-
factory per defined assessment units, but some stations are 
sampled as seldom as two times per year. Microzooplankton 
monitoring is largely missing in the Baltic Sea while they form 
an essential trophic link between primary producers and hig-
her trophic levels by consuming a significant fraction of small-
sized phytoplankton and bacterioplankton production.
•	 In	order	to	 increase	the	spatiotemporal	coverage	of	data	

and, hence, the confidence of assessment, we recom-
menD a more extensive integration of autonomous mea-
suring and sampling devices into monitoring program-
mes and assessment schemes. Ferrybox systems with high 
sampling ability can be installed onboard research vessels 
or commercial carriers to increase the spatial coverage of 
data and collection of samples in the surface layer. This 
could in particular increase data on chlorophyll-a and the 
collection of phytoplankton and nutrient samples.

•	 Mapping	of	oxygen	conditions	 in	 the	near-bottom	 layer	
is often problematic due to low spatiotemporal coverage 
of monitoring. we recommenD the use of vertical auto-
nomous observations and research vessel based profiles at 
the monitoring stations, as well as from fishery surveys, 
which would allow introducing more relevant indicators 
such as volume estimations of hypoxic waters or estimates 
of seasonal oxygen consumption in deep waters. 

Our analyses have also revealed the need for improve-
ments in monitoring to gain more comprehensive informa-
tion on planktonic components and food webs which are 

crucial for the management of the Baltic Sea ecosystem.  
Therefore we recommenD:
•	 increased	 frequency	 of	 zooplankton	 samples	 at	 stations	

currently visited only two times per year 
•	 initiation	of	monitoring	programmes	on	microzooplank-

ton, bacterioplankton and autotrophic picoplankton, 
which together with other planktonic components could 
form the basis for development of food web indicators.

HazarDous suBsTances
The BONUS SEAM project has analysed current monitoring 
programmes on organic contaminants in the Baltic Sea and 
detected weaknesses and gaps under the policies of HEL-
COM and EU. Our recommendations focus on suggestions 
of how to fill these gaps and how to adapt current policies to 
include screening for new and emerging chemicals.3

Monitoring master stations
The HELCOM assessment strategy recommend monitoring 
of hazardous substances in all defined sub-divisions of the 
Baltic Sea. However, while the spatial coverage of most of the 
HELCOM indicators are incomplete, the availability of mo-
nitoring capacities among the Baltic Sea countries, including 
equal distribution and total coverage of the Baltic Sea, might 
not be achievable. 
•	 we recommenD identification of a few core areas or 

master stations, which are monitored regularly and ex-
tensively. These areas could include sites with particularly 
high contaminant pressure such as at river mouths and 
downstream basins, historical dumping sites and areas 
with certain sediment characteristics.

Monitoring new and emerging contaminants
The current monitoring system has been successful at sho-
wing changes of known pollutants but not developed to de-
tect new and emerging environmental problems. The moni-
toring is very much linked to priority substances as required 
throug h the EU Water Framework Directive (WFD), which 
are	not	always	relevant	for	the	entire	Baltic	Sea	area.	In	or-
der to make efficient use of the resources, regional adaption 
to ensure monitoring of the most appropriate substances 
should	 be	made.	 In	 addition,	 continuous	monito-

Figure 2. Variability of the vertical distribution of oxygen in the central Gulf of Finland in 2016 based on Keri bottom-mounted 
profiling station. Black line indicates the concentration of  2.9 mg/l. Source: Tallinn University of Technology.
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ring of some of the fading legacy contaminants is not cost-
effective. 
•	 we recommenD developing a guidance for the selction, 

prioritisation and screening of emerging hazardous sub-
stances.

•	 we recommenD that more efforts are allocated to imple-
menting monitoring of chemicals with emerging concern, 
such as pharmaceuticals and candidate substances of very 
high concern (REACH) which would provide informa-
tion about their concentration and distribution in the Bal-
tic Sea. 

•	 we recommenD that monitoring of hazardous substan-
ces should be science and policy driven, in that order, and 
include internationally coordinated screening campaigns 
to assess new environmental problems more efficiently 
(Figure 3).

Method development
Current contaminant monitoring in the Baltic Sea relies hea-
vily on chemical analysis in biota, sediment and seawater. 
However, concerns are raised that measuring sole contami-
nant concentration does not fully reflect their toxicity, nor 
effects towards the surrounding environment. 
•	 we recommenD to include effect-based methods  and 

passive sampling techniques when monitoring hazardous 
substance which would provide further information on 
the health status of organisms in the Baltic Sea. 

Integrating	new	contaminants	into	monitoring	programmes	
requires an appropriate methodology for their chemical ana-
lysis which can be very time consuming and costly. 
•	 we recommenD method development for analysis of 

new contaminants through shared action.

Contamination caused by sea-based activities
The majority of the hazardous substances in the Baltic Sea 
derive from land-based anthropogenic activities. However, 
due to increased human use of the marine environment, po-
tential harmful substances might also derive from sea-based 
activities.
•	 Therefore,	 we recommenD intensified efforts on sea-

based contamination such as maritime traffic and new 
techniques, such as open loop scrubber, mariculture and 
other offshore activities, to determine if measures should 
be taken.
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1. BONUS SEAM Deliverable 2.2 Analyses and recommendations for a revised benthic monitoring in the Baltic Sea (Nygård et al., 2019)
2.	BONUS	SEAM	Deliverable	2.3	Improvement	of	pelagic	monitoring	(Lips	et	al.,	2019)
3.	BONUS	SEAM	Deliverable	2.4	Technical	report	on	improvement	of	hazardous	substances	monitoring	(Kanwischer	et	al.,	2019)
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Figure 3. For more efficient assessment of hazardous 
substances in the Baltic Sea, monitoring should be 
science and policy driven including restructured 
national monitoring and emphasis on international 
collaboration. 

Diversified monitoring driven by science  
and policy: 

•  restructured national monitoring 

•  emphasis on international collaboration

•  coordinated screening campaigns for  
emerging contaminants

• more efforts on a few master stations
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• not affordable for many countries 
• not always relevant or cost-efficientFr
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The potential of novel methods regarding  
monitoring and assessment required by MSFD 
Novel methods can achieve higher temporal and spatial reso-
lution with higher cost efficiency1 when compared to tradi-

tional monitoring methods. Furthermore, they can be used 
to monitor pressures acting on the ecosystem, which are not 
assessed enough so far. To address gaps in Baltic Sea moni-
toring2,3 , and to meet current and future societal and policy 
demands, BONUS FUMARI and BONUS SEAM explored 
a wide range of novel methods14,5, and assessed their costs 
and applicability. The focus was on the overall suitability of 
the methods and their ability to fill in the monitoring gaps of 
the 11 descriptors (D1-D11) of good environmental status 
(GES) of the Marine Strategy Framework Directive (MSFD. 
The holistic ecosystem assessment of the Baltic Sea uses elev-

Policy Brief No 3/5

Novel methods  
advancing Baltic Sea  
environmental monitoring
The impacts of human activities on the Baltic Sea 
are extensive and require monitoring to assess 
its state. Despite a long tradition and regional 
coordination, the current Baltic Sea monitoring 
system still displays gaps, which could be filled 
by novel methods. 

from projects BoNus Fumari and BoNus seam
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Figure 1. Simplified path from innovation to adoption and 
operational implementation of novel monitoring methods.

Demonstration of  
a novel metod

Decision to evaluate for  
operationalization potential

Demonstration evaluation  
for pilot studies

Decision on pilot project

Pilot studies as a trial  
for operational use

Decision to operationalize

Operationalization and standardization

en descriptors (D1-D11) to evaluate if good environmental 
status is achieved or maintained. This requires for example 
that, biological diversity is maintained, nonindigenous spe-
cies do not adversely alter the ecosystem, the exploitation of 
fish stocks is within safe biological limits, and that the food 
web structure should show natural abundances and diver-
sity (D1-D4). Novel molecular methods are promising and 
could advance monitoring to meet these demands. Moreo-
ver, modern techno-logical development, underwater image 
recognition as well as remote sensing can support shipborne 
monitoring by significantly increasing the spatial and tem-
poral coverage. Significant contributions are expected from 
ferry-box systems, using flow-through systems for counting, 
pigment/species identification and size/structure determi-
nations. 

A healthy Baltic means that human-induced eutrophica-
tion is minimized, and sea-floor integrity is maintained (D5, 
D6). For habitat surveillance, new physical and chemical 
sensor techniques for oxygen and nutrients have been deve-
loped. Remote sensing by satellites as well as in situ acoustic 
and optic measurements for phytoplankton/chlorophyll-a, 
habitat types and macrophytes can deliver new information. 
The permanent alteration of hydrographical conditions (D7) 
is increasing because of climate change and ocean acidifica-
tion. Increases in atmospheric carbon dioxide are converted 
into more carbonic acid in the marine environment. Marine 
acidification can be monitored by novel autonomous devi-
ces, sensor packages and spectrophotometric measurements 
of pH. Such sensors can be attached either to drifters, buoys, 
fixed platforms or put onto ships. Combining these measure-
ments with satellite observations, other monitoring data and 
models can produce better forecasts and improve the reana-
lysis of past changes. 

The large variety of chemical compounds introduced in 
the marine environment requires clear strategic approaches 
to assess the risk of these contaminants (D8) to the ecosys-
tem and human health (D9). The use of novel and relatively 
cheap passive sampling techniques is useful as it accounts 
for the bio-accumulative potential of substances. Further, 
for surveillance of acute oil spills, coastal radar stations 
could support current surveillance activities. Both marine 
litter (D10), including plastics in the marine environment, 
and underwater noise (D11) have caught a lot of attention 
recently. The use of autonomous platforms and automated 
identification methods can contribute to the monitoring of 
these pressures and their impact on the Baltic Sea. 

Implementation steps and  
availability of novel methods
Recent technological achievements enable miniaturized 
sensors, carriers and vehicles with improved power manage-
ment. These developments help to significantly support cur-
rent monitoring, making measurements more precise and 
increasing the extent of observations over both temporal and 
spatial scales. In addition, advanced data visualization could 
help to better identify deviations from a good environmental Ph
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status and the origin or cause of the threat, leading to quicker 
use of adequate abatement measures. 

The path from an innovation to a novel method that is im-
plemented in international monitoring requires several steps 
(Figure 1). Additional effort and costs during the test and 
transition phase are needed to assure the reliability or the be-
nefits of the highly improved information output and/or the 
cost-efficiency of a novel method. International validation 
and standardization of novel methods, as well as demonstra-
ted backward transferability or production of superior data 
are therefore central steps in the uptake of any novel met-
hods into routine Baltic Sea monitoring. 

A frequent deficiency of novel methods is the lack of vali-
dated data on measurement accuracy, cost-efficiency and in-
ternationally agreed standardized protocols. However, there 
are platforms and methods that are already applied in parts 
of the Baltic Sea for other purposes, but which are not yet 
fully integrated into the national MSFD compliant monito-
ring programs. Examples of these are ferryboxes, used for 
operational oceanography and carbon system monitoring 

(ICOS), ARGO floats and fixed profilers applied in the Got-
land Deep, the Gulf of Finland, and the Gulf of Riga, as well 
as gliders. All these platforms can be used for monitoring of 
pelagic habitats and can improve the assessment of environ-
mental status regarding, e.g., eutrophication. 

Assessing the suitability of novel methods  
for Baltic monitoring
A range of novel methods has been developed that open new 
possibilities for monitoring and closing some of the identi-
fied gaps. We identified these methods by reviewing scien-
tific literature and outcomes from recent projects, including 
BONUS projects as well as through key expert inputs. In the 
BONUS FUMARI project, both investment and monitoring 
costs of these novel methods were evaluated. For determi-
ning the applicability of a novel method in future Baltic mo-
nitoring, we assessed the evaluation criteria: reliability (as 
the failure safety of the method itself and the precision of 
acquired data), environmental impact (as beneficial or har-
ming to the organismic/physical environment), added value 
(as the benefit for the monitoring, like an increased data re-

Table 1: Rating of costs and applicability of novel methods. Costs include investment and monitoring costs while applicability 
comprises reliability, environmental impact, added value, limitations and required expertise. The rating for overall cost vary 
from ‘moderate’, ‘low’ to ‘very low’ and the rating for applicability vary from ‘high’ to ‘very high.

Cost rating and applicability of novel methods

Step in monitoring Method Main improvement for the monitoring Overall costs Applicability

Field sampling/
surveying

Manta Trawl Sampling of (water surface) microplastics (D10) low high

Encapsulated Filtration 
Device Sampling of (water column) microplastics (D10) low very high

Sediment Corer Sampling of (sedimented) microplastics (D10) low very high

Argo Float Increased spatio-temporal resolution (D5, 7, 11) low high

Ferrybox Increased spatio-temporal resolution (D4, 5, 7) moderate very high

Profiling Buoy Increased temporal resolution (D1, 5, 7) moderate very high

Bottom-mounted 
Profiler Increased temporal resolution (D1, 5, 7) moderate very high

Passive Samplers: 
Chemcatcher and 
POCIS

Increased spatio-temporal resolution of already 
monitored and novel contaminants (D8-9) moderate very high

Artificial Substrates: 
ARMS and ASU

Increased temporal resolution (D1, 2, 5, 6) and 
enhanced monitoring of benthic organisms low high

Citizen Observations
Increased spatio-temporal resolution (D2, 5, 7, 
10) and increased environmental awareness of 
citizens

very low very high

Earth Observation Increased spatio-temporal resolution and Bal-
tic wide coverage (D1, 5, 7, 10) low very high

Sample analysis

HydroFIA®pH Increased spatio-temporal resolution (D1, 5, 7) low very high

(e)DNA Metabarcoding
Increased precision (spatial coverage) of data 
(D1, 5, 7), makes novel indicator species acces-
sible, non-invasive

low high

Stable Isotope Analysis Enhanced data acquisition (D5) and monitoring 
of food webs low very high
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solution or monitoring for new indicators), limitations (dis-
advantages/shortcomings) and required expertise (the level 
of expertise needed to conduct the measurements) by assig-
ning scores ranging from ‘very low’ to ‘very high’ (Table 1). 
Overall cost and applicability rating were done by averaging 
the grades for the single ratings. Monitoring costs were gi-
ven higher weight than investment costs to emphasize annual 
running costs over one-time (initial) investments. Our ana-
lysis identified fourteen promising methods with moderate 
to high affordability and high applicability. Eight methods 
could not achieve such a positive rating but are still recom-
mendable for specific monitoring tasks or are believed to be 
very promising when further developed.

Recommendations for novel methods inclusion 
into the Baltic Sea monitoring program.
Novel methods to be included in future monitoring of the 
Baltic Sea should:
1. directly address a current gap in Baltic monitoring or im-

prove the performance regarding current monitoring;
2. produce comparable or more cost-efficient or novel and 

superior data;

3. be based on developed guidelines and international stan-
dards;

4. be internationally agreed (e.g., through HELCOM) 
5. have moderate cost and high applicability and gradually 

be phased into the existing monitoring program. 

Priority should be given to the novel methods able to fill in 
obvious gaps in monitoring of microlitter and underwater 
noise, as well as to new methods for plankton and probably 
also biodiversity/NIS monitoring. Further inclusion of au-
tonomous platforms into the monitoring and assessment 
system for pelagic environment and eutrophication is encou-
raged, considering their sustained use in other observational 
programs. 

1. Hyvärinen et al. 2020. Are we actually assessing the cost-efficiency of marine monitoring methods? – A systematic mapping of literature. Submitted manuscript.
2.  BONUS FUMARI Deliverable 1.1. Gaps in the current monitoring and data management of the Baltic Sea (Kahlert et al., 2019)
3.  BONUS SEAM Deliverable 2.1. Holistic synthesis of reviews and analysis of current Baltic Sea monitoring and assessment (Emmerson et al., 2019)
4.  Mack et al 2020. A synthesis of novel marine monitoring methods with the potential to enhance the status assessment of the Baltic Sea. Submitted manuscript.
5.  BONUS SEAM Deliverable 3.1. Technical review report on novel and cost-effective monitoring technologies and their potential applicability in Baltic Sea monitoring and assessment 

(Kuss et al., 2020)
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Need for better coordination and collaboration
Many open-sea surveys are presently conducted in the Baltic 
Sea in the frames of the ICES and HELCOM monitoring and 
survey programmes. ICES surveys have historically mainly 
been focused on the fishery monitoring and are relatively 
well coordinated across the Member States. However, many 
additional sampling variables have been introduced over 
time in the ICES monitoring programs. These data, which 
have an extensive spatial distribution can be useful to supp-
lement present environmental monitoring programs. Envi-
ronmental monitoring is a combination of nationally funded 
and decided monitoring activities, which are coordinated by 
HELCOM. It has been the ambition of the Commission as 
well as in Member States to increase the cost-efficiency in 
monitoring programs as data demands have increased over 
time. ICES and HELCOM surveys are presently not very 
well coordinated, but both organizations could benefit from 
better coordination and data exchange. 
 
Coordination and optimisation of monitoring
A step forward would be exchange of information between 
the relevant stakeholders as the first obstacle is the missing 
knowledge of the present sampling program in the other or-
ganization. In BONUS SEAM, a survey database was com-
piled with the information on ongoing surveys, including 
which main parameters are measured onboard, time of year 

the survey is conducted, link to manuals, contact person, etc. 
We analysed, which HELCOM indicator assessments would 
benefit from the exchange of data between the two monito-
ring systems. Taking into account the timing of the surveys 
and data used for indicator assessments, the collection of 
oxygen, winter nutrients, phytoplankton and zooplankton 
data and samples are promising examples. As an example, 
an addition of about 630 stations a year (see map above) for 
evaluation of oxygen conditions could be supplemented in 
the HELCOM program without almost no extra costs if oxy-
gen profiles were collected and delivered by the bottom trawl 
BITSQ1 and BITSQ4 surveys presently conducted within 
the ICES frame and already partly financed through the Data 
Collection Framework (DCF).

Policy Brief No 4/5

Joint approaches in  
open-sea monitoring  
of the Baltic Sea
The existing open-sea monitoring activities in 
the Baltic Sea area is conducted nationally under 
HELCOM and ICES. Further international coordi-
nation and collaboration would however improve 
monitoring and support improved status and fish 
stock assessments at the regional level in the 
Baltic Sea. BONUS SEAM provides an overview 
of ongoing open-sea activities in space and time 
and identifies potential synergies that could 
optimise monitoring efficiency through a more 
cost-effective use of existing resources.

from project BoNus seam

ICES BITS (Baltic International Trawl Survey) fishery survey 
sites in the HELCOM sub-regions of the Baltic Sea. 
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Within BONUS SEAM, we further conducted a review 
on former projects to establish which criteria to be applied 
in a survey evaluation, to achieve cost effective regional sur-
veys1. Six criteria were highlighted to be included: 
•	 surveys	should	be	internationally	evaluated,	coordinated	

and harmonised (similar protocols, gears etc. are used, 
data are evaluated on a regular interval);

•	 similar	sampling	methods	across	surveys	should	be	app-
lied if possible; ex. chlorophyll a is sampled in both ICES 
and HELCOM surveys, but protocols are not coordinated 
between the communities; 

•	 data	 from	the	survey	should	be	made	accessible	and	av-
ailable for scientific and management use, indicating that 
data is uploaded to an international database and made 
publicly available;

•	 the	survey	should	provide	adequate	coverage	for	the	stock	
or target (benthic fauna, zooplankton, etc.) aiming for; 

•	 the	duplication	of	the	survey	with	another	survey	with	the	
same aim should be evaluated, indicating that the surveys 
should be evaluated on a regional scale;

•	 the	use	of	 a	 survey	 for	 a	broader	purpose	 than	only	 the	
target species e.g. ecosystem management needs, should 
be evaluated.

REFERENCES
1. BONUS SEAM Deliverable 3.3 Technical report on potential 
for joint approaches in open-sea monitoring (Storr-Paulsen et 
al., 2019)
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BONUS SEAM recommendations for  
coordination of HELCOM and ICES monitoring

Closer cooperation between HELCOM monitoring and 
ICES surveys in the Baltic should be established. This 
could be conducted in several steps but should start 
with information exchange on ongoing activities, e.g., 
survey overviews as produced in BONUS SEAM. It could 
be further developed to:
• having coordination meetings between the monito-

ring and survey groups within HELCOM and ICES,
• uploading the survey results in common databases,
• use standardized manuals for similar data variables, 
• share common platforms (vessels) for collecting the 

data in a more cost-effective way.
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