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A B S T R A C T   

Legislations and commitments regulate Baltic Sea status assessments and monitoring. These assessments suffer 
from monitoring gaps that need prioritization. We used three sources of information; scientific articles, project 
reports and a stakeholder survey to identify gaps in relation to requirements set by the HELCOM's Baltic Sea 
Action Plan, the Marine Strategy Framework Directive and the Water Framework Directive. The most frequently 
mentioned gap was that key requirements are not sufficiently monitored in space and time. Biodiversity mon-
itoring was the category containing most gaps. However, whereas more than half of the gaps in reports related to 
biodiversity, scientific articles pointed out many gaps in the monitoring of pollution and water quality. An 
important finding was that the three sources differed notably with respect to which gaps were mentioned most 
often. Thus, conclusions about gap prioritization for management should be drawn after carefully considering 
the different viewpoints of scientists and stakeholders.   

1. Introduction 

Continuous environmental monitoring is the basis for understanding 
and implementing the most efficient actions for improving the poor 
ecological and environmental state of the Baltic Sea (HELCOM, 2018). 
Baltic Sea countries collaborate through the Baltic Marine Environment 
Protection Commission - Helsinki Commission (HELCOM, 2020) to as-
sess the status of the Baltic Sea and ultimately protect and restore its 
ecological balance. The goals for achieving ‘good status’ are set by 
HELCOM's Baltic Sea Action Plan (BSAP) (HELCOM, 2019), which also 
outlines the actions needed to achieve these goals. Monitoring is 
regulated in HELCOM's COMBINE manual (HELCOM, 2017). The bio-
logical, chemical and physical Baltic monitoring programs also need to 
cover the requirements of regional, national and EU legislations. The 
key legislations to achieve goals related to the improvement of the 
ecological/environmental status of the Baltic Sea are the EU Marine 
Strategy Framework Directive (MSFD) (European Parliament and 
Council, 2008), and the EU Water Framework Directive (WFD) 

(European Parliament and Council, 2000). The three most important 
commitments and legislations under which monitoring is performed are 
thus the HELCOM's BSAP, the MSFD and the WFD, which are further 
detailed below:  

(1) The BSAP is a voluntary commitment which aims at restoring good 
ecological status of the Baltic Sea by 2021 through the im-
plementation of qualitative, holistic and harmonized monitoring. 
Its vision is to have an ecologically healthy Baltic Sea which also 
supports sustainable human activities. The BSAP is divided into four 
segments (eutrophication, hazardous substances, biodiversity, and 
maritime activities) for which specific objectives have been for-
mulated (Table 1).  

(2) The MSFD is a mandatory EU legislation focusing on function and 
sustainability of the Baltic Sea marine environment through a hol-
istic assessment approach (Patrício et al., 2016) and aims to achieve 
Good Environmental Status (GES) of marine EU waters by 2020. 
The MSFD uses a total of 11 holistic quality descriptors (Table 1) 
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and several subordinate criteria and indicators for status assessment 
(Zampoukas et al., 2012; European Commission, 2017).  

(3) The WFD is a mandatory EU legislation which aims to achieve Good 
Ecological Status for all EU surface and groundwaters, including 
coastal areas by 2027. The WFD bases the assessment of status on 
structural biological elements, supported by physical and chemical 
elements. The assessed measures are defined as quality elements 
(Table 1). 

To promote GES of the Baltic Sea, HELCOM develops joint assess-
ment approaches, harmonizes monitoring programs for comparability 
of methods, indicators, resolution in space and time, and establishes 
data hosts and databases to support indicator-based assessment. 
However, coordinated monitoring of certain key monitoring require-
ments of the Baltic is still insufficient (HELCOM, 2018). This is partly 
due to the failure to adopt to new legal requirements (Borja et al., 2010;  
European Commission, 2017) and to persistent gaps with respect to 
harmonization and old legislative requirements (Borja et al., 2010;  
HELCOM, 2018). For example, there is a clear need for better co-
operation between countries and coordination of monitoring programs 
to exploit synergies between monitoring for different directives and 
pressures, especially others than eutrophication (Backer et al., 2010;  
Hering et al., 2010; HELCOM, 2018). The complex regulatory frame-
work (e.g. Boyes and Elliott, 2014) of Baltic Sea monitoring, however, 
hinders a holistic view of the importance of different gaps. This com-
plicates the implementation of new monitoring programs to fill those 
gaps, e.g. with the help of new monitoring techniques under develop-
ment, that could potentially outperform or complement traditional 
methods. 

The present study performs a general gap analysis of Baltic Sea 
monitoring to support the development of a more holistic approach. We 
initially defined seven major gap types (Table 2) in order to identify the 
most critical shortcomings of current Baltic Sea monitoring and data 
management in relation to the requirements set by the WFD, HELCOM's 
BSAP, and the MSFD. Our gap analysis is unique to incorporate the 
views of scientists as well as of water managers and other stakeholders, 
and to systematically categorize and place these gaps in thematic 
monitoring categories. Our study aimed to answer the following ques-
tions:  

(1) Which gaps in current Baltic Sea monitoring are considered the 
most critical?  

(2) Which thematic monitoring categories are identified as containing 
most gaps? 

2. Methods 

2.1. General approach 

To identify the most critical monitoring gaps in Baltic Sea mon-
itoring in relation to the requirements set forth by WFD, BSAP and 
MSFD, we searched for and compiled gaps from three different sources; 
i) peer-reviewed scientific articles selected via a systematic scientific 
literature review, ii) Baltic Sea related research project reports, and iii) 
stakeholders views gathered via an survey. These three sources were 
analyzed separately, and the results were compared to identify simila-
rities, differences and knowledge gaps. To enable a common evaluation 
of gaps between the quality elements (WFD), objectives (BSAP) and 
descriptors (MSFD), these were combined under thematic categories 
with subcategories (see Table 1). To compare the gaps identified from 
the three different sources we defined seven major types of gaps before 
the analysis (see Table 2). The gap definitions were based on expert 
discussions, stakeholder interviews and a screening of gaps mentioned 
in the literature. After categorizing monitoring gaps and challenges into 
gap types, we analyzed how often these gaps were mentioned in 

Table 1 
Baltic Sea key monitoring requirements of (1) the Water Framework Directive (WFD) quality elements, (2) the Baltic Sea Action Plan (BSAP) objectives and (3) the 
Marine Strategy Framework Directive (MSFD) descriptors. We use “thematic categories” as a grouping term to categorize descriptors, quality elements and objectives, 
to highlight similarities and differences between the legislations/commitments and enable a joint gap analysis.       

Water Framework Directive (WFD) HELCOM's Baltic Sea Action Plan (BSAP) Marine Strategy Frame-work Directive (MSFD)  

Thematic categories Quality elements Objectives Descriptors 
Water quality parameters QE3: Physico-chemical BS3: Concentrations of nutrients 

BS1: Clear water 
BS5: Natural level of algal blooms 
BS6: Natural oxygen levels 

D5: Eutrophication 

Pollutants QE4: Priority list pollutants 
QE5: Other pollutants 

BS2: Concentrations of hazardous substances 
BS4: Healthy wildlife 
BS8: Radioactivity 

D8: Contaminants 
D9: Contaminants in seafood 

Fisheries   D3: Commercial fish and shellfish 
Biodiversity parameters QE1: Biological BS11: Viable populations of species D1: Biodiversity  

BS10: Thriving and balanced communities of plants and 
animals 

D4: Food webs  

BS7: No alien species D2: Non-indigenous species 
Sea-floor integrity   D6: Sea-floor integrity 
Physical parameters QE2: Hydromorphological  D7: Hydrographical conditions 
Traffic, energy, noise  BS9: Safe maritime traffic D11: Energy including underwater noise 
Marine litter   D10: Marine litter 

Table 2 
List of the seven gap types: (G1) A certain indicator is not sufficiently mon-
itored, due to low spatial or temporal coverage, or because of other specified or 
unspecified reasons. (G2) There is no indicator, or the current indicators are not 
adequate to assess a certain pressure. (G3) A certain pressure is not covered at 
all in the current monitoring. (G4) There are problems in data storage or 
handling. (G5) Deals with an improved or new indicator or method that should 
be included into current monitoring, but it is still in development, not yet op-
erational, or decided upon. (G6) There are problems in the coordination of 
monitoring, often including non-harmonized methods. (G7) The costs of current 
(existing) methods are too high. (GNI) No specific information given about the 
gap type.      

Gap type Explanation  

G1 Insufficient monitoring effort (a) Spatially  
(b) Temporally  
(c) Other or no information 

G2 Missing/inappropriate indicator 
G3 Missing thematic category (e.g. missing “descriptor, quality element, 

objective”) 
G4 Problems with data storage/handling 
G5 Indicator under development 
G6 Insufficient monitoring coordination 
G7 Monitoring costs too high 
GNI No specific information about gap type 
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scientific articles, project reports and in the stakeholder survey, sepa-
rately for the three sources. Each mention of a thematic category or gap 
was counted separately, thus it was possible for a single source to 
contribute more than one observation if more than one thematic cate-
gory or gap was mentioned. If a source described a gap in monitoring of 
thematic categories neither belonging to WFD, BSAP or MSFD (as de-
fined in Table 2), these were assigned into the category “Other”. If a 
source described a gap in the monitoring of a certain thematic category, 
but did not supply enough information to specify the gap type, these 
were registered as the gap type “no information” (GNI). We defined a 
gap as being more critical if it was mentioned more often in comparison 
to the other gaps, as we assumed that often discussed issues were 
considered more important by the respective source used. 

2.2. Systematic Scientific Literature review 

For the article selection, we searched the Web of Science Core 
Collection for scientific articles published from the year 2008 onwards 
(when the MSFD was adopted) to March 2019 (search date: 28.2.2019) 
using the search terms “Baltic Sea” AND “monitor* OR assessment” 
which resulted in 1865 articles. A screening of the articles was made in 
two steps: (1) The titles were screened to dismiss articles with a title 
that clearly indicated that the article was not relevant for the analysis. 
(2) The abstracts of the remaining 1338 articles were read and a further 
1010 articles were dismissed as they did not describe gaps in mon-
itoring relevant for the study. After this initial screening 328 articles 
remained. Of these, 19 were not available in full text to us at the time of 
the analysis. After reading the full texts of the remaining 309 articles, 
we excluded another 100 articles because they did not mention mon-
itoring gaps, but dealt with either management issues or status classi-
fication instead. The final systematic gap analysis is thus based on 209 
relevant articles (Supplement 1). 

The systematic gap analysis of the relevant 209 articles was per-
formed using a template to search the articles for the same key in-
formation. Articles were scanned for the four keywords “monitor*”, 
“descriptor”, “indicator” and “gap” to identify article sections relevant 
to our analyses. The relevant sections were then read in detail to 
identify the thematic category/categories (Table 1) that were men-
tioned in the article. A template with the following questions was used 
to distribute the gap identification into categories: Did the authors (1) 
describe gaps regarding the monitoring of an existing indicator for a 
certain thematic category, (2) identify the need for a new indicator to 
reflect the thematic category adequately, (3) identify gaps regarding 
data storage or handling of a certain indicator, (4) propose to include a 
new thematic category in the monitoring programs or (5) identify fur-
ther monitoring gaps? All gaps were classified following our definitions 
(Tables 1, 2) and compiled into a table. 

2.3. Project report review 

HELCOM and BONUS (the joint Baltic Sea research and develop-
ment program) project reports were selected to cover existing knowl-
edge about gaps specific to the Baltic Sea monitoring. We chose BONUS 
as part of our main dataset of reports as the improvement of monitoring 
methods is specifically included in the program. All available final and 
annual reports of BONUS projects from the competitive calls 
2012–2017 are available through the BONUS website and were used as 
material for our analysis. HELCOM reports were chosen because also 
HELCOM is specific to the Baltic Sea, and the program had a focus on 
the improvement of the choice of monitoring indicators specifically in 
the Baltic Sea in relation to anthropogenic pressures, environmental 
policy and monitoring programs during 2010–2015. We searched for 
relevant HELCOM reports available from open data bases. For the se-
lection of relevant BONUS and HELCOM reports for our analysis, we 
used the same selection criteria as for the scientific literature. In total 
27 BONUS and HELCOM reports published between 2008 and 2019 

were identified, dealing with the improvement of Baltic Sea monitoring. 
The reports were read using the same question template as for the 
scientific articles and analyzed for the same gap types and thematic 
categories in the same way as for the scientific articles. A total of 17 of 
the 27 reports included relevant information on monitoring gaps and 
were included in the final systematic gap analysis (Supplement 2). 

2.4. Stakeholder survey 

The same question template as for the two literature reviews was 
also used for the stakeholder survey, and the results were quantified in 
the same way to enable a direct comparison. Based on the insight from 
experts at our institutes, 42 key stakeholders of different national and 
international management institutions dealing with Baltic Sea mon-
itoring were identified and targeted directly. We deliberately targeted 
national managers, agencies and ministry representatives responsible 
for high level monitoring planning to include their perspectives. Key 
stakeholders also included some research institutions where those were 
appointed hosts of national monitoring or data. In addition to those, the 
survey was also advertised via our project webpage (Finnish 
Environment Institute, 2019), and in meetings with relevant stake-
holders to attract a wide selection of stakeholder inputs. We further 
encouraged dissemination to other relevant stakeholders. Following EU 
General Data Protection Regulation requirements, survey replies were 
collected anonymously. A total of 31 completed survey replies were 
submitted and analyzed, of which most came from Germany (11) and 
Sweden (11), then Finland (4), followed by Latvia (2). Estonia, Li-
thuania and Poland were represented by one reply each. Most stake-
holders replied that their expertise was in Baltic Sea Environmental 
Management working with marine HELCOM and/or MSFD. See Sup-
plement 3 for the full survey outline. 

3. Results and discussion 

3.1. Overview 

Considering the combined view of the three different sources of 
information, we found that the current monitoring of the Baltic Sea 
does not sufficiently address the requirements set by the WFD, 
HELCOM's BSAP, and the MSFD. All types of sources included (articles, 
reports, and stakeholders) identified gaps in Baltic Sea monitoring and 
agreed that many assessment parameters of the Baltic Sea regulatory 
framework are not sufficiently monitored (Fig. 1A), and that mon-
itoring should be intensified both temporally and spatially (Supplement 
4). All types of sources most often mentioned gaps within the thematic 
category biodiversity parameters (Fig. 1B). 

The reason why most of the gaps were encountered in the thematic 
category biodiversity parameters is probably because biodiversity 
monitoring and assessment were historically implemented much later 
than traditional chemical eutrophication and pollution monitoring, and 
are therefore less standardized (HELCOM, 2018). For decades, the focus 
of international concern has been eutrophication monitoring (HELCOM, 
2018). Baltic Sea eutrophication monitoring therefore follows estab-
lished international guidelines (Carstensen et al., 2011; HELCOM, 
2017). Biodiversity monitoring was added to Baltic Sea monitoring only 
through the implementation of the European Union framework direc-
tives such as the WFD (2000) and MSFD (2008). In aquatic assessments, 
a plethora of different national methods for biodiversity monitoring 
exist due to the highly complex nature of biological parameters (e.g.  
Birk et al., 2012). This complexity is in stark contrast to easily mon-
itored, measured and standardized chemical parameters. Due to its late 
implementation, biodiversity monitoring and assessment are much less 
standardized and harmonized (Carstensen et al., 2011). Despite the 
consensus of gaps in biodiversity parameters, it is difficult to identify 
which missing parts should be given priority in biological monitoring. 
Our sources point to various subcategories (i.e. WFD quality elements, 
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BSAP objectives, MSFD descriptors) and to many different gap types. In 
addition to the most frequently mentioned gap, insufficient monitoring 
effort of existing parameters, our information sources also often men-
tioned missing or inappropriate indicators, insufficient monitoring co-
ordination, problems with data storage or handling, and indicators 
under development, although the frequencies differed between the 
sources (Suppl. 4). Thus, there are many different problems with bio-
diversity monitoring and therefore several solutions are needed, such as 
implementation of cost-efficient novel methods (see methods proposed 
by Mack et al., submitted). Other studies suggest that improved large- 
scale monitoring along with an optimized statistical design of mon-
itoring programs and better coordination will lead to increased har-
monization, integration and standardization of monitoring programs 
(e.g. Carstensen et al., 2011; Swaney et al., 2012). Such improvements 
promote adequate and accessible monitoring data for fundamental and 
applied research. Improved data quality and accessibility, in turn, 

further improve analysis and evaluation (Sulkava et al., 2007), im-
proving the efficiency of monitoring and sampling, thus benefiting all 
aspects of Baltic Sea environmental monitoring (HELCOM, 2018). 

The three information sources (scientific articles, scientific reports, 
and the stakeholder survey) all mentioned non-sufficient monitoring in 
general and biodiversity parameter monitoring in particular most often, 
but they strongly differed in how often other monitoring gap types and 
other thematic categories were mentioned (Fig. 1, Supplement 4). The 
most often mentioned gap type in scientific articles was insufficient 
monitoring effort, whereas the other six gap types were less often 
mentioned in articles compared to reports or the stakeholder survey 
(Fig. 1A). We find three probable causes for these differences in gap 
type identification between articles, reports and the stakeholder survey. 
These causes are connected to the different focus of most scientific 
articles: First, most scientific articles are not written with the aim to 
find monitoring gaps related to requirements in legislation, but rather 

Fig. 1. Gaps in current Baltic Sea environmental monitoring in proportion to the total amount of gaps identified for each of the source types used for the review 
(scientific articles, project reports and stakeholder survey replies, respectively). Articles: total amount of gaps mentioned: 293 (found in 209 articles); reports: total 
amount of gaps mentioned: 60 (found in 17 reports); survey: total amount of gaps mentioned: 72 (found in 31 replies). (A) Gap types. (B) Gaps in different thematic 
categories, i.e. the Baltic Sea key monitoring requirements (of WFD, BSAP, MSFD). 
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focus on the study of single novel methods, or on how to use specific 
monitoring data for assessments or other research questions of parti-
cular importance to scientists. In these cases, the mentions of in-
sufficient monitoring effort probably present a justification for why a 
certain novel method is needed for monitoring, or dissatisfaction with 
existing monitoring data when using them for comprehensive ecolo-
gical analyses. Mentioning that indicators are missing is of course also 
helpful when describing a novel method in scientific articles, and in-
deed this gap type was the second most often mentioned one. Second, 
many scientists are not involved with legislative monitoring and may be 
unconcerned or unaware of ongoing efforts to improve routine Baltic 
monitoring, and of the problems in the coordination of monitoring or 
related administrative issues. Third, many of the scientific articles were 
written during a period when the regulations scrutinized here (WFD, 
MSFD), or their updated revisions (BSAP), were new and generally not 
yet that well known among scientists. The bias of most researchers 
towards their research fields is reflected by the fact that the key word in 
the MSFD legislation, i.e. descriptor, is rarely used in scientific articles. 
It is also reflected in the relatively large number of gap type GNI in the 
articles: In a third of all cases where articles described a gap in mon-
itoring in a certain thematic category, the article did not supply enough 
information to specify gap type, thus forcing us to categorize the gap 
type as “no information” (GNI) (Fig. 1A). In summary, we assume that 
articles were not focused on the actual monitoring programs and gaps 
therein, but rather on the development of monitoring methods, in-
dicators or collection of data needed for solving scientific questions 
within a certain thematic category. Very few articles focused on a 
holistic analysis of Baltic Sea monitoring or on monitoring gaps in re-
lation to legislative requirements. Our findings fit well to the study of  
Choi (2005), stating that “[researchers] are less interested in broad is-
sues, for example, the ‘big picture’ social or policy aspects of their 
work” whereas “…[policymakers] are more interested in broad issues, 
for example, solutions that can be generally applied to a wide variety of 
problems”. 

In contrast to scientific articles, the analyzed reports came from 
projects that explicitly focused on improving Baltic Sea monitoring by 
analyzing monitoring gaps or suggesting how to deal with these gaps. 
Reports were thus focused on gaps in data storage or handling, co-
ordination of monitoring, or highlighted that there are plans to im-
plement new indicators that are not operational yet, which is likely why 
these three gaps were mentioned as often as insufficient monitoring 
effort, and more frequently than in scientific articles or by the stake-
holders. In most cases, reports gave sufficient information to categorize 
a gap into a type, i.e. gap type GNI was relatively rare compared to 
scientific articles. Mentioning specific gap types does require detailed 
knowledge of administrative and managerial aspects of Baltic Sea 
monitoring. This shows that report authors are more aware of the 
practical challenges of data handling and routine monitoring co-
ordination. We assume that the gap type “missing thematic category” 
was not taken up at all by the reports because most of them are based 
on projects with predefined thematic categories as a basis. Finally, the 
stakeholder survey represents a mixture of viewpoints. Insufficient 
monitoring effort was mentioned most often, but stakeholders high-
lighted that an indicator or a thematic category was missing more often 
than articles or reports did. Both stakeholders and reports mention that 
new indicators were under development but not yet operational more 
often than articles do, probably because articles mostly deal with 
completed research projects, and not with the implementation of new 
indicators or methods. We hypothesize that responding stakeholders 
were especially motivated to respond to gain visibility for an indicator 
they were working on or trying to include in future monitoring pro-
grams, and that both report authors and stakeholders had a deeper 
insight into ongoing indicator development and implementation issues 
compared to scientific article authors. The very low amount of gap 
types without further information (GNI) reflects the fact that the survey 
questions were formulated such that they were able to successfully 

categorize gap type information, with only free text answers introdu-
cing some ambiguity. 

The three sources differed not only in the frequency of mentioned 
gap types, but also in which thematic categories they identified gaps in. 
As stated before, biodiversity parameters were mentioned most often by 
all sources as the thematic category with gaps in relation to the Baltic 
Sea regulatory frameworks (Fig. 1B). However, the share of the dif-
ferent thematic categories varied among the three sources (Fig. 1B). In 
reports, biodiversity parameters dominated clearly, while in scientific 
articles, pollution and water quality parameters were mentioned nearly 
as often as biodiversity. Stakeholders mentioned sea-floor integrity with 
a higher frequency than did the other two sources. The reasons for these 
patterns are unclear. One possible explanation is the historical focus on 
eutrophication and pollution monitoring, resulting in a recent effort to 
compensate shortcomings in the monitoring of biodiversity. Therefore, 
projects addressing indicators to monitor biodiversity and methods to 
enable their implementation are currently promoted, reflected in pro-
ject reports and in the views of stakeholders with a deep insight into 
ongoing issues (Suppl. 2). One could also hypothesize that the need for 
more research on biodiversity parameters is not yet reflected in scien-
tific articles, because of the time lag from the current identification of 
knowledge gaps to the setting up of calls for research projects to cover 
those gaps, and finally the publication of scientific articles. 

In summary, while it was possible to answer which thematic categories 
contained the most gaps (biodiversity parameters), we cannot easily 
summarize which gap types in the current Baltic Sea monitoring are, or are 
considered, the most critical. It is clear, however, that consulting only one 
of these sources would have given a less comprehensive picture of the 
situation, and potentially have led to a false notion of understanding the 
bigger picture. Scientific articles give a picture that monitoring data are 
missing to carry out an adequate ecosystem analyses of the Baltic Sea, but 
also have an intrinsic bias towards the researchers' interests and expertise 
(e.g. in terms of specific organisms or methods), and were mostly not as 
connected to environmental policy and monitoring programs as the re-
ports and the stakeholder replies we reviewed. On the other hand, most 
reports were directed towards the goals of the underlying project, and 
were therefore biased towards already identified gaps. Such reports often 
dealt with only one or a few categories, or a single indicator, and were 
seldom aimed at giving a holistic overview, except for HELCOM (2018). 
Further, reports are in general often centered around well-established 
national reporting to the EU and HELCOM, with the aim of demonstrating 
that national monitoring efforts and indicators exist, and that the specific 
legislative requirements are met. Therefore, reports may omit issues re-
lated to monitoring gaps that have not been highlighted in legislation or 
earlier analyses, and are also less likely to report that a thematic category 
is entirely missing. Indeed, scientific articles did not only highlight gaps in 
the thematic category biodiversity parameters, but almost equally often in 
water quality parameters and pollutants, indicating that even if the 
monitoring of those parameters is more standardized, scientists still are not 
satisfied with it. We are aware that the limited number of reviewed reports 
and stakeholder replies in comparison to the scientific articles might in-
crease the chance for a bias. Due to the open and anonymous nature of the 
stakeholder survey, no selection of replies was performed, which also in-
creases the chance of a bias. On the other hand, the stakeholder survey 
provided us with the possibility to directly approach the people in charge 
of Baltic Sea monitoring and collecting their views on current develop-
ments, whereas both reports and especially articles might be less up to 
date. Despite the associated limitations of individual sources, we still think 
that only a quantitative analysis of all sources allows proper comparison of 
the different viewpoints. The results of both reports and the stakeholder 
replies reflected a different view from that of the scientific articles, and it 
therefore is important to examine all sources when deciding upon the 
prioritization of monitoring gaps. 

Our analysis clearly demonstrates that managerial conclusions 
about which gaps to prioritize should be drawn carefully, bearing in 
mind that the different sources of information have different emphasis. 
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Researchers, water managers and other stakeholders from different 
fields of expertise can have quite different viewpoints on where to focus 
measures to improve Baltic Sea monitoring and assessments. Thus, it is 
very important that measures to improve Baltic Sea monitoring do not 
fall prey to partial lobbying interests (Freire-Gibb et al., 2014), but are 
adapted to the problem at hand (Swaney et al., 2012) in a cooperative 
manner, on a regional level and with the involvement of all concerned 
parties. The Baltic Sea has been pointed out as the marine water body 
with the highest level of regional monitoring cooperation (Freire-Gibb 
et al., 2014), and HELCOM as a model of success for international 
monitoring coordination (Backer et al., 2010; Freire-Gibb et al., 2014). 
It is essential that this high level of cooperation persists in future, even 
in times of waning environmental interest or economic growth (Backer 
et al., 2010; Freire-Gibb et al., 2014), in order to monitor, preserve and 
manage the Baltic Sea ecosystem in a sustainable manner for the benefit 
of all neighboring countries as well as for the benefit of future gen-
erations. 

Supplementary data to this article can be found online at https:// 
doi.org/10.1016/j.marpolbul.2020.111669. 
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