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Executive summary

ICES Study Group for the Development of Integrated Monitoring and Assessment of
Ecosystem Health in the Baltic Sea (SGEH) met at the Leibniz Institute for Baltic Sea
Research (IOW) in Warnemiinde, Germany on 2-5 March 2009.

The "new" SGEH was established to follow the main lines of the "old" SGEH, estab-
lished in 2003 in support of the Baltic Sea Regional Programme (BSRP). The original
focus of SGEH covered all major themes related to the general concept of ecosystem
health (EH). The outcomes of the SGEH contain a substantial amount of relevant in-
formation and proposals that are valuable for the formulation of practical integrated
strategies to the assessment of EH in the Baltic Sea.

As the second phase of the BSRP did not come to reality the SGEH was on the brink
of being dissolved. Among the wide scope of SGEH internal subgroups dealing with
eutrophication, biodiversity, fisheries impacts and socio-economic issues, the sub-
group on hazardous substances in the Baltic Sea, and particularly on their biological
effects and development of monitoring and assessment methods, is focusing on work
that is currently not being carried out by any other ICES expert group in the Baltic
Sea area. To ensure that this type of activity embracing a lesser focused but important
and internationally emerging field it was considered important that the SGEH group
would continue its activities.

Since the focus of the SG became changed, its name was changed from 'Study Group
on Baltic Ecosystem Health Issues in support of the BSRP' to the present 'Study
Group for the Development of Integrated Monitoring and Assessment of Ecosystem
Health in the Baltic Sea’, which better portrays the new focus of the group. Instead of
tackling the whole large field of themes comprising the general concept of EH the
SGEH is now targeted on (1) hazardous substances and especially their biological
effects, and (2) biodiversity. The group focuses especially on linkages between haz-
ardous substances and their effects at different level of biological levels, from the mo-
lecular "early warning" level via effects on individuals and population up to
ecosystem level. To successfully proceed with the development of integrated meth-
ods for the monitoring and assessment of EH in different Baltic Sea subregions, the
SGEH relies on linking and collaboration with other expert groups targeted on issues
not focused on by SGEH but which still are highly relevant for the outcome. The
other main task of the present SGEH is to contribute to the development of integrated
chemical-biological monitoring of hazardous substances in the Baltic Sea following
the requests of the Baltic Sea Action Plan. This will be done in harmony with the
work done in the OSPAR area (WKIMON, SGIMC) and involves close collaboration
with HELCOM.

When planning the first meeting of the "new" SGEH it was seen of great importance
to carefully define and agree upon the new role of the group. The "legacy" of the "old"
SGEH was inspected by the group's members and is summarised in the report as an
overview of the work done already. Further discussions and presentations resulted in
the formulation of a general task agenda for the coming meetings:

e future meetings should focus on aspects related to all four main issues of
the HELCOM Baltic Sea Action Plan (eutrophication, hazardous sub-
stances, biodiversity, maritime activities) in order to be able to make rec-
ommendations concerning monitoring and assessment in an integrated
way, needed to assess ecosystem health;
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strengthening of interactions and collaboration among groups dealing with
integrated assessments (e.g. WGIAB and OSPAR/SGIMC) aiming at har-
monisation of targets and methodology;

inclusion of a wider scope of national experts to attend the SGEH meetings
in regard to the integrated approach for monitoring and assessment;
establishing and maintaining close links between SGEH and HELCOM, the
main end-user of the SGEH deliverables and recommendations;

serving as a key expert group in issues related to the implementation of the
BSAP as well as the Marine Strategy Framework Directive where the Baltic
Sea has been identified as a pilot area;

targeting at the implementation of biological effects methods in the HEL-
COM monitoring and assessment toolbox.
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Opening of the meeting

ICES Study Group for the Development of Integrated Monitoring and Assessment of
Ecosystem Health in the Baltic Sea (SGEH) met at the Leibniz Institute for Baltic Sea
Research (IOW) in Warnemiinde, Germany on 2-5 March 2009.

The SGEH Chair Kari Lehtonen welcomed the participants of the meeting. He invited
the participants to introduce themselves and their affiliations and describe their area
of interest and field of expertise. The list of attendees is given in Annex 1.

The Chair then introduced the goals of SGEH and the purpose of this meeting (see
Introduction). Further, he expressed the gratitude of the group to the local hosting
organization and SGEH local member Rolf Schneider who introduced practical ar-
rangements for the meeting. A welcome address was kindly presented by the Vice
Director of IOW, Prof. Wolfgang Fennel.

The Chair presented the Terms of Reference for the meeting:

2008/2/BCCO1: The Study Group on Baltic Ecosystem Health Issues in support of the
BSRP (SGEH) will be renamed the Study Group for the Development of Integrated
Monitoring and Assessment of Ecosystem Health in the Baltic Sea (SGEH) [Chair:
Kari Lehtonen*, Finland] and will meet from 2-5 March 2009 in Warnemiinde, Ger-
many, to:

a) report on new developments regarding ecosystem-based approaches to
management of the marine environment with particular reference to pro-
gress in EU, ICES, HELCOM and OSPAR;

b) develop the Ecosystem Health concept in the Baltic Sea specifically in rela-
tion to biological effects of hazardous substances and loss of biodiversity;

c) evaluate the progress made regarding the planning of Sea-going Demon-
stration Project on the Ecosystem Health of the Gulf of Finland;

d) review progress within the BEAST project (Baltic Sea BONUS+ Pro-
gramme);

e) follow the developments of the newly established SGIMC (the successor of
the closed ICES/OSPAR WKIMON) in providing guidance and technical
annex for integrated monitoring of chemicals and their biological effects in
the Baltic Sea and addressing specific questions in regard to specific bio-
marker methods to be employed in the Baltic Sea;

f) review and update progress with national and international biological ef-
fect monitoring activities e.g. OSPAR, MEDPOL, WFD, Marine Strategy,
harmonisation initiatives, integrated assessment and application of bio-
logical effect techniques, and the ICON/NSHEALTH programme;

g ) review and report the progress on the development of assessment criteria
and integrated chemical-biological effect assessment tools in the Baltic Sea
region;

h) contribute to the implementation of the HELCOM Baltic Sea Action Plan
(BSAP) in relation to sustaining Baltic Sea Ecosystem Health, and in par-
ticular regarding preservation of its biodiversity, and prevention against
effects of hazardous substances.
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Adoption of the agenda

The Chair invited participants to examine the Terms of Reference (ToR) and went
through the agenda explaining the priority and background to the agenda items. A
draft agenda had been circulated prior to the meeting (Annex 2) and it was agreed
that the ToRs were reflected in the agenda. The agenda was adopted and a tentative
timetable and share of work was agreed upon.

Appointment of rapporteurs

Due to the reorganization of the SGEH (see below) a considerable proportion of time
was dedicated to summarizing the past work and achievements of the previous
SGEH, adjusting and refining the focus and aims of the work of the new SGEH, and
planning of the next meeting. Therefore, only few of the agenda items were actually
“reported” by a specific group member and rapporteurs in that sense were not
named.

Review and discussion on the past activities of the predecessor of
the SGEH (ICES SGEH, 2003-2007) (ToR a, ToR b)

4.1

4.2

Introduction

The group felt it very important to review and discuss the work accomplished during
the previous edition of the SGEH (The Study Group on Baltic Ecosystem Health Is-
sues in support of the BSRP). A summary of the previous activities (the “legacy” of
the past SGEH) was considered to be valuable as a theoretical and practical starting
point for (1) revisiting the definition of the meaning of the term “ecosystem health” in
the Baltic Sea, (2) updating the goals and outputs of the new SGEH, and (3) establish-
ing the working methods of the new SGEH.

The group split into subgroups and reviewed the reports of the previous SGEH that
met 5 times during the period 2003-2007. In addition, the report of the 2005 Work-
shop on Report of the ICES/BSRP/HELCOM/UNEP Regional Sea Workshop on Baltic
Sea Ecosystem Health Indicators was reviewed. The aim of the reviews was to extract
the most valuable information relevant for the work of the new SGEH.

It is pointed out that most parts of the text in this section are selected direct extracts of
the previous reports. However, some editing has been made for clarification and
readability.

SGEH 2003 meeting (ICES 2004)

4.2.1 Agreement on definitions

Definitions as agreed by Bergen Declaration, 2002/ EC European Marine Strategy /
HELCOM / OSPAR:

e The ecosystem approach is commonly defined as “...the comprehensive in-
tegrated management of human activities based upon the best available
scientific knowledge about the ecosystem and its dynamics in order to
identify and take action on influences which are critical to the health of the
marine ecosystem, thereby achieving sustainable use of ecosystem goods
and services and maintenance of ecosystem integrity”
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Definitions, as agreed by 5th North Sea Conference, Bergen Declaration 2002 and

HELCOM MONAS 6/2003 for the Baltic Sea:

Ecological quality is an “...overall expression of the structure and function
of the marine ecosystem taking into account the biological community and
natural physiographical, geographic and climatic factors as well as physi-
cal and chemical conditions including those resulting from human activi-
ties.”

Ecological Quality Elements are the individual aspects of overall ecological
quality.

Ecological Quality Objectives are the desired level of ecological quality
(EcoQ). This level can be set in relation to a reference level.

One goal is to maintain ecosystem health and integrity which means:

Ecosystem health: “To be healthy and sustainable, an ecosystem must maintain its

maintain viable populations of species;

protect representative examples of all native ecosystem types across their
natural range of variation;

maintain evolutionary and ecological processes;

manage landscape and species in response to both short- and long-term
environmental change;

accommodate human activities within these constraints.

metabolic activity level and its internal structure and organisation, and must resist

external stress over time and space scales relevant to the ecosystem.” (Costanza et al.

1992).

Two main distinctions can be applied to concepts of ecosystem health, and the SGEH

chose to adopt both approaches:

Both approaches are required to integrate findings and, in turn, support the produc-
tivity indicator, fish/fisheries indicator and the governance and socio-economic indi-

Forward Looking - A healthy or sustainable state is defined a priori, and it
is the aim of the Baltic Sea Regional Projects to work toward attaining this
goal of a healthy state. Progress reports and lessons learned will be pro-
vided periodically.

Backward Looking - A particular healthy state is not defined explicitly.
Rather, by re-examining past changes in environmental conditions relative
to currently monitored conditions, early warning signs of ill health (unex-
pected conditions) are detected and work is focused on defining thresholds
of change in chronic conditions. BSRP pollution and ecosystem health ob-
jectives are met in this approach by observing the occurrence or non-
occurrence of changes. These will be supported by real-time reporting.
Over time, thresholds of change in baseline condition will be established
and will define structural and functional ecosystem health. Summary re-
ports will be provided on the changing state of the Baltic Sea ecosystem
when mechanisms and/or predictions of changes have been validated.

cators of the BSRP modules.

The structure, functioning and dynamics of the Baltic Sea ecosystem should be un-
derstood in relation to environmental driving forces, i.e., climate and meteorological
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conditions and human impact. The SGEH will concentrate on the effects of human
impact, which can be influenced by ecosystem-based policy:

e eutrophication;

e overexploitation of marine living resources (mainly fishing);
e chemical contamination;

e oil pollution;

e introduction of alien species;

e physical disturbance of habitats.

4.2.2 Brief history of the ecosystem health concept, some cautions, and recom-
mendations in evaluating the extension of the concept

The International Society for Ecosystem Health began to formalize the ecosystem
health concept between 1992 and 2002. The general consensus after ten years of de-
bate is to drop definitions that dwell on extended metaphors and substantiate
changes in condition using time series and indicators. Many governments have em-
braced the goal of large area multijurisdictional management and called that ecosys-
tem management. Management questions and measures of success rely upon
identifying sufficiently large disturbance forcing factors impacting the system. In the
case of the U.S. Greater Yellowstone Ecosystem fire was identified. The International
Joint Commission concerned with air-sheds (US and Canada) includes humans as
part of the system. Recently groups like those in conservation medicine have devel-
oped cross training programs to get veterinarians and public health specialists to
share epidemiological techniques and apply them jointly to marine ecosystem prob-
lems. Marine epidemiology as a consequence offers a forum for the exploration of
both chemical contamination and natural ecological impacts upon species. Impor-
tantly, public health and economic motivations are the primary drivers for environ-
mental or ecological decisions so it is expedient to include these variables in any
study. To effectively address the concept of Baltic marine ecosystem health, human
epidemiology should be included as humans are the best and if not the best always
the most compelling indicators of lapses in environmental quality.

4.2.3 Initial ecosystem roadmap for the Baltic Sea

Ecological quality can be used at different levels when defining environmental
strategies and objectives:

e strategic vision;

e strategic goals;

e ecological quality objectives;

e indicators;

e variables to be monitored.
From the beginning it is important to formulate a commonly accepted vision. For this

purpose there are already several Baltic and European agreements which could be
used for common visions, inter alia:

e the Helsinki Convention: to restore and preserve the ecological balance of
the Baltic Sea (Article 3 of the 1992 Convention);
e the EU Water Framework Directive: good status for all waters;

e the EU Habitats Directive: restore and maintain favourable conservation
status, natural habitats and wild species;
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Based on the above few examples the vision for the Baltic Sea could be formulated as

"A healthy and balanced Baltic marine ecosystem, where resources are exploited sus-

the European Marine Strategy: healthy seas and oceans and their ecosys-
tems as well as a sustainable exploitation of their resources;

the Swedish national quality objectives: a balanced marine environment,
sustainable coastal areas and archipelagos, a non-toxic environment and
zero eutrophication;

the Finnish national Baltic Sea Programme: good ecological state of the Bal-
tic Sea;

the Johannesburg declaration requests to halt biodiversity decline by 2010.

tainably":

1)

2)

3)

4)

5)

to develop the Baltic ecosystem health concept in relation to the main eco-
logical problems of eutrophication, hazardous substances, overfishing, in-
vasive species, biodiversity, and habitat destruction;

to initiate reference level/baseline work on a set of ecological quality
(EcoQ) elements that reflect associated ecological quality objectives (Eco-
QOs), as follows:

e Secchi depth or other proxy measure for light attenuation;

e oxygen depletion in shallow waters;

e phytobenthos (e.g., bladder wrack [Fucus vesiculosus]);

e organic contaminant concentration (e.g., PCBs, DDts, TBT, dioxins,

pesticides, algal toxins) in selected fish, shellfish and seabird eggs (bio-
accumulation);

e endocrine disruption (imposex, intersex, vitellogenin, embryo sex ra-
tio, reproductive success, chromosomal aberrations in gonads);

e biomarkers (AChE, MT, EROD, lysosomal stability, PAH metabolites,
oxidative stress biomarkers);

e changes in the size distribution of fish;

e CPUE (catch-per-unit-effort) of non-assessed fish;

e changes in fish community structure;

e changes in abundance, biomass and distribution of native and alien
species;

e physical disturbance of the shoreline and coastal water zone (e.g., habi-
tat destruction, nesting sites disturbed or disappearing, obstruction of

migratory corridors, habitat fragmentation, shoreline disturbance,
stagnation, turbidity);
develop a Baltic Multiple Marine Ecological Disturbances (MMED) indica-
tor system with the support of NOAA;
review the COMBINE Programme, including methodology, especially
coastal fish monitoring in cooperation with HELCOM MON-PRO includ-
ing workshops already set by HELCOM MONAS 6/2003;

evaluate the value of large projects being conducted in the Baltic Sea area,
e.g.,, CHARM, BEEP, which deal with ecosystem health issues.
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SGEH meeting 2004 (ICES 2005aq)

During their 2nd meeting in 2004 the SGEH reviewed progress in marine ecosystem
health developments and further continued activities related to the development of
Ecosystem Health Indicators, EcoQOs and Reference Conditions. Preliminary pro-
posals for the general and specific EcoQOs, pressure and State Indicators (and in
some cases Reference Conditions) were elaborated. Proposals for development of
monitoring activities were also presented.

4.3.1 Overview of developments of ecosystem health assessment and ecosys-
tem-based approaches to management (HELCOM EcoQO Project)

EcoQOs and indicators showing how the objectives are met should be the main tools
in assessing the health of the Baltic Sea ecosystem. In order to fulfil this assessment
purpose the indicators used should have agreed reference and target values based on
ideal conditions and an agreed acceptable deviation level from these conditions, re-
spectively. The final definition of these targets should be based on sound scientific
understanding on the functioning of the ecosystem but might also become an issue
for political debate. The Baltic Sea EcoQOs and associated indicators need a set of
target values and limits in order to become a part of an operational assessment and
management system.

At all scales, effective indicators should be SMART:

e Specific indicators should clearly characterise the state to be achieved and
be interpreted unambiguously by all Stakeholders.

e Measurable. Good indicators should relate to measurable properties of
ecosystems and human societies, so that Indicators and Reference Points
can be developed to measure progress towards the Objective.

e Achievable. Good indicators should not conflict. Within an effective man-
agement framework, it should be possible to achieve all targets. Good tar-
gets should describe a state of the ecosystem, including the position and
activities of humans within it, which accurately reflects the values and de-
sires of a majority of stakeholders.

e Realistic. Good targets will be implementable using the resources (re-
search, monitoring, and assessment and enforcement tools) available to
managers and stakeholders. Good targets should reflect the aspirations of
stakeholders, such that the majority of stakeholders will strive to achieve
them and ensure sustainable development.

e Time bound. There should be a clearly defined time scale for meeting tar-
gets. The idea is to compile and condense existing information on inter alia
present national and regional research relating to WFD implementation,
historical data sets and relevant regional literature for Baltic Sea subre-
gions.

4.3.2 Developments at US EPA

Research projects carried out in the USA from 1990-2000, involving many water qual-
ity, sediment, habitat, and biological scientists determined that approximately 125
specific data indicators could be combined in five indices that can be used to the as-
sess the ecological condition of coastal resources in the US. These five indices include
Water Quality, Sediment Quality, Habitat Quality, Benthic Biodiversity, and Fish
Contaminant Index. The US EPA is at the point of application of indices to conduct
assessments (one in 2000 and another in 2004 and documented in its National Coastal
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Condition Reports). The US EPA has spent 15 years developing index approaches
and is ready and willing to transfer this technology to the SGEH working group
members of the BSRP:

1) There is sufficient similarity among the specific indicators used in the US
and those proposed for BSRP that index approaches developed in the US
would be useful for BSRP adoption, modification, and use.

2) Depending upon the flexibility of the sampling typology directed for use
by the European Water Framework Directive and the European Marine
Strategy, alternative sampling approaches could be developed that would
be more parsimonious, more efficient, and less expensive.

3) US EPA is willing to work with BSRP to transfer the technologies (skills,
knowhow, software, etc.) necessary to permit BSRP development of broad
scale indices “without completely reinventing the wheel”.

Discussion: With all its long-term experience, the US EPA is still at a point of applica-
tion of indices, while in the Baltic Sea we are still at a stage of discussion the indica-
tors. So, are we a right audience to discuss indices, if indicators are not set up yet?
Indeed, we are a right group to decide, if we need indices, or not. US EPA spent 15
years on making a hierarchical pyramid of indicators and indices, and this experience
is ready to be transferred over to the other large marine ecosystems, as it has proved
to be operational and cost-effective. The US EPA experience shows that the average
cost of sampling and data analysis per one site makes ~4,000 USD. However, many
questions on a ‘political’ level remain unclear at the moment, as the European Water
Framework Directive and Marine Strategy imply certain rules and requirements on
the BSRP plans, activities and outputs. It has to be decided, which part of US EPA
experience could be applied most effectively way during the BSRP. However, it was
noted that HELCOM is expecting to produce a ‘holistic’ report on the Baltic Sea envi-
ronment in the coming years, where environmental indices system, similar to US EPA
indices will (hopefully) be implemented.

4.3.3 Developments related to phytobenthos monitoring

Phytobenthos is considered to be one of the best biological elements reacting to
coastal eutrophication. Aquatic vegetation is proposed to be monitored in WFD as
one of the most important ecological quality elements.

4.3.3.1 Definition of reference conditions
High ecological status

The WEFD states that ‘For each surface water body type [..], type-specific hydromor-
phological and physico-chemical conditions shall be established representing the val-
ues of the hydromorphological and physico-chemical quality elements [..] at high
ecological status [..]. Type-specific biological reference conditions shall be established,
representing the values of the biological quality elements [..] at high ecological status
[..] (WED, Annex II, 1.3 (i)). Reference conditions thus are equal to a high ecological
status. This status is achieved when water bodies show ‘no, or only very minor, an-
thropogenic alterations to the values of the physico-chemical and hydromorphologi-
cal quality elements for the surface water body types from those normally associated
with that type under undisturbed conditions” and “the values of the biological quality
elements for the surface water body reflect those normally associated with that type
under undisturbed conditions, and show no, or only very minor, evidence of distor-
tion” (WFD, Annex V, Table 1.2).
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The WFD also gives more detailed definitions of high ecological quality for benthic
vegetation in coastal waters (WFD, Annex V, Table 1.2.4):

e all disturbance-sensitive macroalgal and angiosperm taxa associated with
undisturbed conditions are present;

e the levels of macroalgal cover and angiosperm abundance are consistent
with undisturbed conditions.’

A present state or in the past

e Reference conditions or high status is a state at present or in the past corre-
sponding to very low pressure, without the effects of major industrialisa-
tion, urbanisation and intensification of agriculture, and with only minor
modification of physicochemistry, hydromorphology and biology (REF-
COND Guidance, p. 52). It is an open question what exactly is meant by
“very low pressure”, and therefore also open questions remain when ex-
actly reference conditions may have existed in the past or where reference
conditions may still exist.

Not necessarily totally undisturbed conditions

e Reference conditions do not demand totally undisturbed, pristine condi-
tions, they include minor disturbance which means that human pressure is
allowed as long as there are no or only minor ecological effects.

The desired direction of change

® Reference conditions or high ecological status thus represent the desired
direction of change in water quality of European coastal waters, but the
WEFD does not require that water bodies necessarily achieve high status.
The goal of the WFD is a good status of surface waters.

A state which is possible to re-establish
e The WFD assumes that biological quality elements return to reference lev-
els if human pressure is reduced to reference levels. This requires that:

1) The relation between human pressure and quality elements is re-
versible; and

2) That the level of quality elements depends mainly on human pres-
sure;

3) Reference conditions are relatively static. There are many examples,
however, that key organisms or community composition may
change over time without being clearly related to human pressure.

4.3.3.2 Assessing reference conditions
There are several ways of assessing reference conditions for water body types:

1) Spatially based reference conditions

2) Temporally based reference conditions using either historical data or pa-
leoreconstruction or a combination of both.

3) Reference conditions based on predictive modelling.
4) Expert judgement.

5) A combination of the above approaches.
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The Water Framework Directive requires “a sufficient level of confidence about the
values for the reference conditions” regardless of which method is used for establish-
ing reference conditions. This demand is not specified in statistical terms so it is up to
the Member States to decide about this definition. The error of the estimate of the bio-
logical reference conditions must incorporate the natural (e.g., real) variability of the
quality element in time and space and the errors in the method of estimation (REF-
COND Guidance, p. 44).

Discussion: One issue of discussion was possibility of mapping the reference condi-
tions at a finer scale and with wider regional coverage. It was admitted, that only a
few areas around the Baltic Sea are rather well studied in this aspect, but certain
methodologies could help to produce “best expert judgment” estimates for the areas
where detailed studies are missing at the moment, so that a complete spatial coverage
of reference conditions for the key species could be obtained.

4.3.4 Impact on fish and ecosystem effects of fishing in the Baltic Sea

The four internationally managed fish species in the Baltic Sea — cod, herring, sprat,
and salmon — are relatively well-studied with regard to distribution, population
structure, migrations, feeding and environmental influences upon important stock
parameters and processes such as reproduction, recruitment and growth. Despite
international scope, management of the above-mentioned resources has not been al-
ways sustainable. Research and management of other (commercial) fish is of national
responsibility and only a few international joint efforts have been undertaken. The
literature survey indicates that different natural factors impacting fish directly or in-
directly are (1) abiotic environment, (2) food-web mediated effects, (3) marine mam-
mals and (4) seabirds. Antrophogenic influence can be categorized as (1)
eutrophication, (2) pollution and (3) thermal discharges. A variety of different im-
pacts can be observed both at community, population and individual level. Amongst
others: species composition, distribution and abundance; growth rate and mortality;
fecundity, maturation, reproduction and recruitment; parasite infestations and de-
formation of bony structures are getting impacted. Fishing activities have docu-
mented impacts to biota and abiotic components of the ecosystem like: (1) fish
resources, (2) marine mammals, (3) seabirds, (4) benthic communities and (5) food-
webs (6) nutrient dynamics and (7) sediments. While towed gear (bottom trawl) pose
the major threat to benthic communities, bottom sediments and associated processes,
coastal fisheries (fixed gear) is the major source for mortality of marine mammals and
seabirds.

The internationally non-assessed commercial fish species need more systematic and
internationally coordinated research efforts, both on basic and applied aspects at
various levels, with substantially higher research budgets. As there is a rather limited
amount of knowledge on the non-commercial fish and their food-web interactions
(both as predators and prey) in the Baltic Sea, these investigations should receive
much higher attention.

4.3.5 Developments related to marine biodiversity

Among the indicators of biodiversity, some serve well as the ecosystem health indica-
tors, the examples are: the log normal distribution, Caswell’s neutral model, the ratio
between pollution sensitive and insensitive taxa, the phylum-level meta-analysis, and
abundance/biomass plots.
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The keystone species concept (species meaning for the ecosystem more than their
abundance would suggest) is of special value for the ecosystem health assessment.
Some categories of keystone-like species have been used in this respect:

e habitat builders, structural species;

e “wasp waist species”;

e charismatic species (usually not good as highly mobile and generalists);

e the diversity of fish parasites (monoxenous versus heteroxenous);

e single taxon as indicator of EH (fishes, epifauna, peracarida).
The habitat concept is of the utmost importance for the biodiversity/ecosystem health
issue, and the possible approaches are considering;:

e presence/absence or simple count of habitats per unit area;

e habitat assessed by its function (e.g., depth of bioturbation, filtration);

e the same habitat of different quality (not just coverage but quality);

e concept of “distinctive habitats” versus representative habitats;

e concept of fragmentation and natural variation of habitats;

e statistical models testing interdependencies between ecosystem compo-

nents

The functional diversity is also used in EH assessment, and the examples are:

e mineralisation rates and level of microbial biochemical traits;

e sustainable and diverse yield production;

ability to restore itself;

e number of functional groups.

Discussion: it was pointed out that normally it is not a case that total extinctions (re-
gional and even local) do not take place frequently, but it is rather the case that reduc-
tion of range and distribution of species occur in certain marine areas. Functional role
of habitats diversity and species diversity was discussed, and it was pointed out that
diversity of species not necessarily reflect the overall quality of the marine ecosystem.
As an example, a case of polluted and otherwise severely impacted harbour areas
may be characterized on certain occasions by impressive diversity of species, whereas
marine environment generally is in a poor shape. In this aspect, richness of natural
habitats may be the best indicator of ecosystem health in general. In support to this
statement, examples of unwise strategies of some biodiversity restoration projects
were mentioned, where major investments were assigned for the restoration of cer-
tain non-key (in terms of biodiversity and habitat formation), but rather ‘charismatic’
species, whereas restoration of natural marine habitats, which would host the whole
variety of traditional species has not been taken into account at all. Despite the fact
that natural fragmentation of marine habitats plays an important role in general im-
provement of biodiversity situation, the anthropogenic stress, often causing massive
habitat fragmentation effects, is still one of the most severe biodiversity loss triggers.
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4.3.6 Proposals for development of monitoring in the Baltic Sea

4.3.6.1 Biological effects

Detecting biological effects of pollutants in marine organisms is an increasingly im-
portant issue in monitoring programmes. The significance of observing biological
responses is that they tell us — contrary to chemical measurements — that an organism
has been exposed to such levels of pollutants bioavailable in the environment that
have elicited a defence response. Whether or not parallel or further effects can be ob-
served or the response soon returns back to the baseline level in any case we have
detected an early warning signal of hazardous concentrations of toxic substances in
the environment. If utilizing only environmental chemistry by selecting certain con-
taminants or contaminant groups for analysis we usually do not have any connection
to toxic effects, regardless the concentrations measured in the environment or in the
organism. Bioavailability is affected by numerous factors while metabolism of xeno-
biotics rapidly modifies/degrades the original compounds and toxic effect may not be
proportional to the residual concentrations of the compounds in tissues. On the other
hand, many organisms store harmful substances in inert or metabolically inactive
tissue (lipid) or cellular compartments (e.g., metal-accumulating microgranules)
where they exert no harm to the organism unless being redistributed due to physio-
logically stressful condition (e.g., starvation, reproduction, metabolic changes).

In fact, the only meaningful context where pollutant concentrations are valuable as
such is when their transfer along the food chain is being examined, looking at the
step-wise biomagnified concentrations of pollutants in top predators, including hu-
man, and their food. Therefore, since the original motivation for measuring pollutant
concentrations in marine biota (as a result of contamination in water, sediments or
primary food sources) seems to be based rather on the quality control of human food
than protecting the marine ecosystem from anthropogenic damage, the current moni-
toring strategy followed in the Baltic Sea is adequate. However, if we aim at the lat-
ter, a change is evidently needed.

While we are still largely missing direct links between molecular levels and ecologi-
cally relevant levels it should be understood that even the onset and maintenance of
“reversible” biomarker responses related, e.g., to the detoxification enzyme machin-
ery and biosynthesis of chaperone proteins requires considerable energy which is
bound to take its toll on other biochemical and physical functions within the organ-
ism, e.g., on those related to locomotion, feeding, behaviour and reproduction. A
“stress syndrome” observed at a molecular or cellular level may therefore have
marked implications at higher levels through complex interactions at the physiologi-
cal level. An operative and effective integrated chemical and biological monitoring
programme is a relevant and achievable goal, with biomarkers as screening tools that
provide information guiding targeted chemical analyses of the likely agents that lie
behind the observed physiological perturbations in organisms. Linking early-
warning exposure signals to higher organisation levels, the truly meaningful effects,
is difficult and probably achievable only in cases where the main pollutant com-
pound (e.g., TBT) or group of compounds (e.g., PAHs) are identified and the impair-
ments observed are more or less specific to higher level injuries (e.g., imposex, liver
tumours). However, pollution commonly occurs as a mixture of a variety of com-
pounds present at different levels and the complex interactions with physicochemical
and biotic factors makes a direct linking — with present knowledge — practically im-
possible. This holds especially for the highly eutrophicated Baltic Sea.
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The practical differences between early-warning indicators (i.e., biomarkers) and
“ecologically relevant” effects (population and community effects) should be ac-
knowledged. Understanding the purpose of monitoring and the benefits and limita-
tions of monitoring methods should be discussed rationally; evaluating critically the
cost-benefit ratio of the information attained using different methods. Currently, due
to the high costs of today’s sophisticated environmental analytical chemistry the vast
majority of potentially dangerous substances may remain undetected in routine
chemical monitoring programmes or are found only occasionally because usually
there has to be an anticipation of possible and specific contamination prior to analy-
sis. Ideally, a suitable set of screening biomarkers enables one to actually detect when
and which further measures should be taken.

Although highly desirable, no practical way of applying a common species for the
whole Baltic Sea seems possible, mainly due to distribution but also due to the
physiological adaptation of species into the highly extreme variability in the physical
environment. This hampers the direct comparison of biomarker responses measured
between the different regions and call for a regional approach. However, the selection
of species representing the same functional level should provide comparable data on
the health status of the different sub-regions if health indices are the main goal.

Finally, our future monitoring programmes should therefore not be technique-driven
but approach-driven. In the Baltic Sea, the combination of eutrophication—pollution
related effects calls for (1) general stress biomarkers as a first tier approach. With re-
gard to monitoring of specific effects of specific pollutant a set of (2) specific bio-
markers should also be made available. When serious disturbances are being detected
(3) TIE procedures should be considered to be used to identify the pollutant group
responsible for the damage.

A proposed reorganisation of the monitoring strategy of hazardous sub-
stances

First tier procedures

e Proxy contaminants in sediments and tissues: metals (Cd, Cu, Zn, Pb, Hg),
organochlorine POPs (PCBs, DDTs) and TBT. Motivation: levels of com-
mon pollutants in the marine environment have to be established; tempo-
ral and spatial trends have to be monitored;

e General “stress biomarkers” (related to exposure to diverse pollution):
neurotoxicity (acetylcholinesterase inhibition), immunotoxicity (lysosomal
stability), genotoxicity (e.g. micronuclei), oxidative stress (e.g. catalase).
Motivation: early warning indication of exposure to pollutants;

e Histopathology (fish liver).

If the first tier procedure indicates elevated pollutant levels and/or biomarker re-
sponses the second tier procedures should be initiated.

Second tier procedures

e Bioassays. Motivation: acute toxicity evaluation of sediments exhibiting
markedly elevated pollutant levels;

e Specific biomarkers (e.g.,, EROD/PAH metabolites/DNA adducts, ED bio-

markers, Ala-D, MT, GST). Motivation: specification of the biological re-
sponse; directing of more detailed chemical analytics.
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Biological effects can now be assessed. If needed, specific pollutants can be identified
through third tier procedures.

Third tier procedures

e More detailed chemical analyses (e.g., pesticides, dioxins, brominated
flame retardants). Motivation: identification of the hazardous com-
pound/congeners/group not detected by regular monitoring;

e (TIE protocols (fractionation and bioassays). Motivation: identification of
the hazardous compounds/congeners/group not detected by regular moni-
toring).

Discussion: The EEA has initially supported the general idea of biomarker studies as
part of the monitoring system, but later the Agency rejected this initiative. Now EEA
and BSRP have established a bilateral cooperation, and new perspectives for bio-
markers monitoring become promising and reliable approach. This activity should
also take benefit from BONUS program.

4.3.6.2 Fish diseases

It is proposed that Baltic Sea countries should implement monitoring programmes on
the occurrence of externally visible diseases and parasites and on the occurrence of
histopathological liver changes as part of national programmes for the assessment of
the state of the marine environment (coherent to what has been implemented as part
of the OSPAR JAMP/CEMP for the North Atlantic).

Fish disease monitoring should be part of an integrated monitoring programme, en-
compassing, e.g., studies on biological effects of contaminants (biomarker approach),
on biodiversity, physical and chemical measurements, and methods applied in fish
stock assessment. Fish disease monitoring programme should be coordinated by
ICES (through its expert Working Group on Pathology and Diseases of Marine Or-
ganisms, WGPDMO) and should ultimately be incorporated into the HELCOM moni-
toring. The ICES Marine Data Centre should act as central database (as for other ICES
and HELCOM programmes).

4.3.6.3 Marine birds

The Baltic Waterbird Monitoring Program under HELCOM will be composed of three
key elements, which are (1) monitoring of wintering waterbirds, (2) monitoring of
breeding waterbirds and (3) monitoring of oil pollution by Beached Bird Surveys.

It is expected that integrated waterbird data collected in the whole Baltic area would
constitute a new and important source of information on the state of marine envi-
ronment in relation to eutrophication, hazardous substances, shipping lanes, over-
fishing and habitats.

4.3.7 Developing the Baltic ecosystem health concept and ecosystem-based
management tools

4.3.7.1 Effects of eutrophication

Results of deliberations of the SGEH Subgroup on Effects of Eutrophication are given
in Table 4.1.1.
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Table 4.1.1. Preliminary proposal for EcoQ0, Indicator: and REeference conditions for effectz of

eutrophication.

GENERAL ECOQO/! VISION: REDUCE EUTROFHICATION IN ORDER TO RESTORE ECOLOCTICAL BALANCE ARDLIND
HISTORICAL EEFERENCE VALUES WITHDY THE BALTIC SEA AND TD ENSURE FUNCTIONDNG OF MARINE ECOSYSTEM

Spectfic Eco(0s

EcoQE ement Tndicator

Eef pointFef conditions

Bestors Warer clarity
levels to those of 505 of
the 20th Century

Depth diztribution of macroalzas —
definition of depth conturs paramaters
according to tvpology (sometinees irelevant)
Secchi depth — the only measnurs widely used,
usaful measure despite great vartabalty
{possible varnants max, mean, seasonal mean
atc. ).

PAR measurement: (not subjective,
aniomated, well comelatad with macrophyte
production).

Direct measuremets of turbidity

Chloroplyll a

Avcailable in historical data and
in literature (e.z., CHARM)

Available mn lustoneal data

To be foumd out

To be foumd out
To be foumd out

No oxyvgen depletion
where it should not
occur naturally

Freguency of hyvpoxia and annoxia
Lass of sessile benthos
Eills of invertebrates and fish (poor mdicator)

Prezence/absence of laminated sediments

Histonical data
To be detemuined
Histerical data

Drepth range of
perennial vegetation
returned to regionalhr
defined hiztorical levels

Type and species specific EQR (for refarencs
conditions see CHARM report])

Literaturs (CHAFRM

No mazzive algal blooms

Chloroplyll a

Frequency of harmful alzal blooms (anmmal,
dacadal?)

DOC

Size structure of plankton community

To be developed
To be developed

Historical data
Historical datz and moddelling

Mo maszzive HAB
{Harmful alzal bleom)
and presence of alzal
toxin: in benthic
organisms

Abundance of HAB species
Anmual freguency of HAB

Prezence oh hepatotoxing and DSP in
shellfizh and benthic fish bver

To maintain the
abundance of
opportanistic species at
regionally defined level

Proportion (biomass/cover) of opportanistic
to perennial species

Changes in size structure of zooplancton
COIMIMUnICY

Increzaed abundance of species zenszitive to
TOC additions

Changes in dominance of taxonomic species
of fish.

Freguency of occurrence of macroalgal
mats

Literaturs (CHAFRM)
WIA Hist, Modelling
Modelling, LA
Histonical data available

Uncertamn mfo avalable

Bestoring of hisroric
nutrient levels amd
ratios

Winter nutrient concentrations

Winter N:P:5i ratios

Conld ke delmverad from
modellng

Conld be delmrerad from
modelmz

Loadings at historical
levels

Land based inputs
Annospheric inputs

Internal loading

Conld be delmrarad from
modelmg

Conld be delmrerad from
modellng

Conld be delmrerad from
modelmgz
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4.3.7.2 Effects of Hazardous Substances

| 21

Results of deliberations of the SGEH Subgroup on Effects of Hazardous Substances
are given in Table 4.2.1. The group identified several gaps regarding Assessment Cri-

teria, which are marked with *.

Table 4.2.1. EcoQos and Ecol) elements for hazardous substances.

GENERAL ECOQ0 VIsIoN: CONCENTRATIONS OF HAFARDOUS SUBSTANCES I¥ THE BALTIC SEA KEAR BACKGROUND
VALUES FOE NATURALLY QCLCURRING SUBSTANCES AND CLOSE TO ZERD FOR MAN-MADE SUBSTANCES

Specific Eco()0=

Ecol}o element/indicator

The “Inputs” of specified contaminants should not be
included in thiz programme. The purpoze of the planned
marine monitoring programme includes the measurement
of hazardous compounds in the environment and their
biclogical effects.

Concentrations off PCBs, DDTs, Cd, Fb, Hg,
PCDDVPCDF(dicsmis), Bromuinated flamee retardants, TBT
compounds, Eadionuclhides) in water and/or sadiments.
Reziomal target levels need to be agreed upon

Addition of Cu to the lizt of meazured contaminants.
Motivation: Cu is widely uzed in new generaton anti-
fouling paints; elevated environmental concentrations are
already zeen in the North Sea.

*Addmtion of PAH: to the list of measursd contammmants.
Motrvation: increasing chromic exposure due to oil shippimg
and diilling; backzround data m case of major sccidents

Diztimction betwesn the commonly azseszed perziztent
organic pollutants and specifically endocrine dizrupting
(ED) compounds: addition of allylphenols and phthalates
monitoring in sediments.

Mo illegal ol discharges
No oiled bards

MNe oil sheks m asnial smvays
Mo ciled birds

All fish caught in the Baltic Sea shall be

zmatable for humen consvanpoon.

Concentrations oft PCBs, DDTs, Cd, Fb, Hg,
FCDDVPCDF(dicoms), Brominated flame retardants, TBT
compounds, Fadionuclides in hemning and cod

*Inclusion of benthic/'demersal fizh in the monitoring
prozramme. Motivation: 1) directly in contact with
sediment-bound contaminants, 2) commercial importance
and guality of food.

Tomie substances shall not cause sub-lathal
nor miergenerational or ransgemic effects to
the health of marme crzamizms (2.2..
reproduciive distwrbances).

Endocrine dismiption { vitellogenin, Gonado-Somatic mndex)
*Conadozomatic index may not be regarded as a
bismarker: gonad histology should be incloded as an
indicator of endocrine disruption.

Bicanarkers (AChE, EROD, lyscsomal, PAH metzbelites)
from cod, hernng and/cr blus nmssel

# A proposed reorganization of the monitoring strategy of
hazardouns substances is given balow.

Attain pre-Chernebyl concentiations of man-
made radicaciivity in the Baltic Sea
ecosystem causing risk netther fo hmanms
nor the Matmal systems sustaming huiman,
plant and waldlfs populations

Anmuzl radiation doses in selectad fish (concentrations of
radioactive 1sotopes)

Other

Cod and heriing steck

*eondition of the individuals mizht be affected by the
contaminamts

Parazites and disease in fish

*the frequency of parasites is not neceszarily related to the
level of contamination
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4.3.7.3 Effects of Fishing Activities

e Management of all fish resources (i.e.,, assessed commercial fish stocks,
non-assessed commercial and non-commercial fish stocks) should be based
on natural (stock) units and guarantee healthy and viable fish communities
to ensure the optimum justifiable long-term socioeconomic benefit. The
major precondition for success, regarding both target and non-target spe-
cies, is the management of excessive fishing effort;

e The associated ecosystem impacts of fishing activities should be mini-
mized, thereby facilitating recovery of vulnerable and declining species
and habitats.

Table 4.2.1. Linkage: between some basic data requirements, indicators (suggested examples) and
operational objectives for a hypothetical fishery to be considered for development of the sustain-
able fisheries indicators in the Baltic Sea.

Source: http/'www.fao.org DOCREPR/ D05 Y 44TOE w4470 0f htm
General EcoQ0/Vizsion: To achieve sustainable fisheries in sustainable ecosystems

OBIECTIVE | ExAMPLE INTHCATOR | DATA FEQUIREMENTS
Fizshery resources (target species)
Feaduce fshmg effort Fishing offont of different Vessels, time fished and gear type per flaat
flasats
Faduce fleet capacity Fleat capacity WVessels registerad and gear type per Hest
Increase/maintain fish landings of Fish landings by major species | Tetal landings by major species per fleet per
commercially valuable spacies by area by area vear
Increase/maintain spawming stock blomass of | Spawning stock bromass of Length and'or age compostition of major
key retained species above a pre-defmed lmuit | key retained spacies {or retained specias
suitable proxy such as
standardized cpus)
Decrease/mamiam the level of fishing Level of fishing mertality for Length and'or age of the dizcarded component
mertality for key retamed species below a kevy retamned spacies of the target species catch

predefined linnit

Other ecological concerns

Feduce discards to the extent practical Total amoumt of discards Total catches of by-catch species (or species
sroups/indicator species) per fleat par yaar

Feduce discards of high- risk species (or Arpount of discards of high- Length and'or age of lugh-rizk by-catch

spacies groups) to pradefined level rizk species (or spacies groups) | species

Faduce nunber of deaths of vulnerable MNumber of deaths of Cateh of wulnerable and'or protected specias

and/or protectad species to predefined level wulnerzble and or protected Catch of non-fishery material (eritical habitat)
species

Decrease/mamiam same area of the fishery Arez of the fishery mpacted Area fizhed by each flaat

mmpacted by zear by zear
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OBIECTIVE

Ex AMPLE INTIHCATOR

DIATA REQUIREMENTS

Increase amount of habitat protected by
MPAs to predefined level

Arnount of habitat protected by
MPAs

Area under MPAs by habitats

Increase ratio of large fish m the commummdty

Size spectnum of fish
commmmty

Length of fizh in a representative sample of
communty

Mhimmuize the mmpact of other activities on
fish rescawees and habitats

Area of fish mursery habitat
degraded

Area of habitat, e.z., seazrass beds,
muangroves and coral raefs

Maintain ecological balance

Mean wrophie level of catch

Species composition from sample catches

Economic

Increase the contribution of fishing to the
natonal econonty

Iat econorme refuan for
fishery

Faveme from fizling par fleet per yaar. Costs
per fslung umit per

Increase/maintain profit of the harvesting
sector to that of simular mdustries

Profit to harvesting sector

Increase exports

Export value

Destmation of landings from each flaat

Maintain or merease scononue contribution
fo commmmity

To be developed

Social

Health benafits Tncrease fish conswmption per
capita

Fish consummption per capita

Fizh consumnption from representative sampls

Ensure seafood quality mests food safety
requiramants

MNumber of food compliance
raports

Food safaty compliance raports

Increase 'maintain smoployviment in the
harvestmg and processing sector by fleet

Employment in the harvesting
sector by flest

Total munber of fishermen employed in sach
fleet Total mumber of people emploved in
fishary-assoctated activities (e.z., procassing)

Maintain or miprove lifastyle value

Life-style vahae

Social surveys

Maintain or maprove cultual values

Cultmzl value

Cultural sites and values

Mamtain‘increase level of activity of
mdigencus comnumity

Number of mdigenous fishers

Dependonce of local commmumuty on fishing as
a somee of income and'cr food.

Feaduce the dependence of commmmity on
fishing

Dapendence of community on

fizhimg

Orhear income or lvelthoods of the fishermen

Management activity: have well-developad
managemant plans, mehuding mdicators and
reference points and evaluation proceduwe in
place for all fisheries

Mumber of fisheries with well-
developed management plans,
mehuding mdicators and

raference pomts

Iuanber of fisheries with a well developed
muanagement plan, including operational
objectives, indicators and reference pomts

4.3.7.4 Loss of Biodiversity (including xenodiversity and habitat destruction)

The assessment of the health of the Baltic ecosystem from the biodiversity point of
view shall be focused on the habitats, and reflect the level of naturalness. The natu-
ralness is assessed after the best available scientific judgment, on the basis of habitats
that have existed before man-induced disturbance, taking into consideration the im-

portance of physical control. As the indicators of the level of naturalness we propose:

e percent of the area with the specific biotopes filled with their respective

biocenoses;

e observed shift of the proportion of characteristic functional groups in the
ecosystem (trend in time).

For the Baltic, the relict species are a special case for consideration, since they repre-
sent the uniqueness and the evolution of the sea. Their presence in the ecosystem
should be especially taken care of.

We consider the existence of natural, not manageable processes that are influencing
biodiversity and habitats in the Baltic:

e global warming;

e oceanisation;

e storminess and coastal evolution.
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Proposal of indicators related to xenodiversity:

e percent of ships implementing ballast water management;
e percent of harbours treating ballast water and sediments;
e percent of invasive species in local communities;

e percent of invasive species in local communities biomass;

e ratio between alien and native key stone species.

Table 4.4.1. EcoQOs and Indicators for biodiversity

GENERAL ECOOQOWISION: A BALTIC SEA MARINE ENVIROMMENT WITH MAINTATNED NATURAL BIODIVERSITY AT ALL
LEVELS, STRENGTEENDNG ITS NATURAL INTEGEITY

Ecological Quality Objectives Ecological Cruality Element

{Eca0s - vision) (Indicator of Environmental status)

Dietailed EcoQ)0s Indicators and mndices of EcoQOs achievement

1 A sufficient munber, size and network of coastal 1) Implemented adapiive managemsant plan and

and mearme BSPA to ensure the preservahon of networking of all BEPA:

- natural coastal landscapes within the Balfic Sea; - percent of BSPA that have met this critenion;

- natural ecosystems and processes ensurimg long- - percent of shorelines habitats damagzed:

termn intarcomnactedness betwean arsas; - percent of coaszial habitats restored;

- protect declining/endangered spacies. - percent of bind nesting and resting areas dishobed;

- pearcent of man induced key habatats loss,
2 Bestors spacies supporting clumay commmnties in

areas where they have disappeared, especially ) Restoration and protection of kew habitats

- Eel zrass meadows (Zostera); - parcent of biotopes that host proper

- Bladder wiack beds (Fucus); conmmumties biocenosss based on the best scientific

- Mmzze] beds (Adbrlus edulis); axperiize;

- Baltic Saa relict spacies. - percent of the specific habitat area that received
rastorztion frastment;

3 Mamtam the intemity of habitats and then key - pereent of the avea of speeific habitat that is

functions that allow existence of healthy and viable protected.
populations of top-predators: mammmals, seabirds,

fish (zalmon, fout, cod). 3} Food web diversity and misgiity
- trend in change of trephic zroup share;
-1':| Nlininmize the man-induced mroeduction of non- - raduction of fimetional Froups d_'i1_'e:|'5'_'t::_r.

native species, especially from ballast water and
aql._tacu]:l.u'e actrvity, TJ;r-:-u_ﬂ.lﬂJ.e full treatment of 4) Xenodiversity control
ballast water and sediment. e o L

- pereent of alien species, in local commumities {and
thew share m biomass);

- ratie between nafive and alien key stone specias:

- percent of ships and harbers wath facilities for ballast
load treatment.

4.4 SGEH meeting 2005 / Workshop (ICES 2005b, 2006)

4.4.1 Exercise on indicators

The number of indicators was reduced and prioritized. Indicators which received
scores “very good” or “sufficient” can be regarded as operational indicators. They
can be used in the ecosystem-based assessment and management. Tables of indicators
are prepared in relation to:
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effects of eutrophication;

)
) effects of hazardous substances;
) effects of fishing activities;

)

biodiversity loss and habitat destruction.
New developments on:

1) further integration of indicators into indices (US EPA Benthic Community
Index),

2) identification of development of socio-economic driving forces of pollution
of the Baltic Sea, and

3) public health aspects.
Working procedure of the exercise:

e use the ICES/BSRP/HELCOM /UNEP Sopot Workshop Report and the
HELCOM EcoQO indicator outline (computer files and/or hard copies
with these documents were available for each subgroup);

e select/prioritize the list of indicators to absolute minimum for each topic.
Include only those parameters for which you think that present data and
scientific consensus is strong enough to create reference values/target lev-
els (omit variables which are good but not yet ripe for implementation and
try to raise above your own professional specialty and select only the best
indicators for each general topic (Quality element etc.) even if you have
personal interest in something else);

e consider socio-economic (D [Driver] type indicators) relevant to your sub-
group and give illustrative examples of D-type indicators;

e description (general description of the indicator and why this is good)
(copy/paste relevant parts from HELCOM document);

e measurement units (to make it clear);

e data availability (indicate if you have some knowledge of existing data
sources, particularly if they are not commonly known);

e suggest reference levels (indicate the prospects for deciding on target lev-
els).

4.4.2 Overview of developments of ecosystem-based approaches

e Discussions leading to the formation of WKIAB (then leading to WGIAB).

4.4.3 HELCOM activities including Baltic Sea Action Plan

The decisions concerning management measures should aim to attain good ecological
status of the marine environment. In practice this means that we must reach a scien-
tific consensus on a) what is the pristine, or background state, and b) what is the ac-
ceptable deviation from this state.

The main fields of concern in the Baltic Sea Action Plan have been formulated as: eu-
trophication, contamination by hazardous substances, marine traffic and biodiversity
and nature conservation, i.e. very similar to BSRP SGEH interests. Set of indicators
equipped with background levels as well as acceptable deviations should be devel-
oped for each of these concerns should be agreed upon. It was pointed out that we
should concentrate efforts on finalizing discussion on the suggested indicators and
begin considering threshold values and target quality levels. Ecosystem health, even
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though being a very complex issue, can be roughly covered with a relatively small set
of environmental indicators for pragmatic assessment purposes.

4.4.4 Indicator selection and development of Marine Environmental Quality In-
dices

4.4.4.1 Indicator selection

The National Coastal Assessment by the US EPA applies a set of indicator selection
criteria that has been used to reduce the set of potential scientific environ-
mental/ecological indicators to a limited set of operational indicators that are applied
by all members participating in the surveys. These criteria imply that all operational
indicators should be:

1) regionally responsive — the indicator must reflect changes in ecosystem
conditions and respond to stressors (pressures) of concern across most re-
source classes and habitats within the monitored region;

2) unambiguously interpretable — the indicator must be related unambigu-
ously to an assessment endpoint (relevant exposure/stressor/habitat vari-
able) that forms part of the ecosystem’s overall conceptual model of
ecological structure and function;

3) simply quantifiable — the indicator can be quantified by synoptic monitor-
ing or by cost-effective automated monitoring that can be adopted by all
participants in the monitoring survey;

4) stable over the sampling period — the indicator exhibits low measurement
error and stability of regional cumulative frequency distribution during
the sampling period (low temporal variation during the sampling period
in regional statistics);

5) low year-to-year variability — the indicator must have sufficiently low
natural year-to-year variation to detect ecologically significant changes
within a reasonable time frame;

6) low environmental impact — sampling for the indicator should have mini-
mal environmental impact.

Using these criteria, the National Coastal Assessment (US EPA) selected the follow-
ing indicators to be used operationally in the monitoring surveys:

1) Exposure (Stressor) Indicators: nutrients (DIN, DIP), sediment contami-
nants, sediment toxicity, dissolved oxygen, and contaminants in fish and
shellfish

2) Response Indicators: benthic community structure (species and abun-
dance), fish community structure (species and abundance), and fish pa-
thology (diseases and injury);

3) Habitat Indicators: percent light transmittance (water clarity), salinity,
temperature, pH and substrate type (percent silt-clay).

4.4.4.2 Marine Environmental Quality Indices

For the decision-making, even the simplest ranking (like “good”, “fair” and “poor”)
is often sufficient as background information. Regional distribution of those values
can serve as implication for the general level of management efforts: large area in
poor quality would require massive international intervention, while local concentra-
tions of bad quality sites may require national- or even municipal-level management
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activities. The five major marine environment quality indicators in the USA EPA Na-
tional Coastal Assessment are the following;:

e  Water Quality Index;

e Sediment Quality Index;

e (Coastal Habitat Index;

¢ Benthic Community Index;

e Fish Tissue Contaminants Index.

These are used to produce a set of the Overall Poor Condition Estimate values, which
are also mapped for more clear perception by the general public.

4.4.4.3 Eutrophication

Reference conditions

According to the Water Framework Directive guidance documents, reference condi-
tions should describe environmental status of NO or only MINOR disturbance from
human activities, being synonymous to high ecological status. Hence, they may be
either spatially based i.e. determined at reference sites or based on historical data and
modelling or may be derived by a combination of these methods. Where it is not pos-
sible to use these methods, expert judgement may be used to establish such condi-
tions.

The results of HELCOM EUTRO Project showed that reference sites are not found in
the Baltic Sea area; hence the reference conditions were determined basing on histori-
cal data, modelling and expert judgement. Historical data were used mainly for win-
ter DIP, DIN and Secchi depth as well as for depth range of macrophytes.

Background values

Historical data used in HELCOM EUTRO came from different time periods, e.g.
submerged vegetation depth distribution data from Denmark, Estonia and Finland
come even from 1880s, as do the Secchi depth data in Finland. Winter DIP data in
Latvia and Poland come from the period after the World War II and early 1950, like
the data on winter DIN and DIP in Germany. Different uncertainty is associated with
these data than with the data from biogeochemical or ecological models. It is quite
frequent that experts use the term background values in relation to historical values
considering reference values as a different entity.

Target values

Ecological objective set by WED is the good ecological status defined as slight change
in ecological quality elements in comparison to high status. This can be regarded also
as the target regarding combating eutrophication effects:

ecological objective = good ecological status = target.

Within HELCOM EUTRO the quality objective was set as the level of reference condi-
tions increased by acceptable deviation:

eutrophication quality objective = REFCOND =+ acceptable deviation.

(“+” applied in the case of indicators having positive response to nutrient enrichment,
e.g. chlorophyll-a, winter nutrient concentrations; “—" — for indicators having negative
response to nutrient enrichment, e.g. Secchi depth, oxygen concentrations).
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The indicators used in HELCOM EUTRO were grouped in three categories:

e Category I: causative factors, e.g. N-riverine inputs, P-riverine inputs, at-
mospheric deposition of nitrogen, winter DIN and DIP concentrations;

e Category II: direct effects, e.g. primary production, chlorophyll-a concen-
trations, Secchi depth;

e Category III: indirect effects, e.g. zooplankton biomass, number of benthic
species, zoobenthos biomass, number of species of phytobenthos, depth
range of submerged vegetation, near-bottom oxygen concentrations.

It was concluded that reference sites were not found in the Baltic Sea area, i.e. there is
no sites with high ecological status. It was concluded that the information on refer-
ence conditions is both an anchor and a bottleneck in the process of eutrophication
assessment; the tested procedure does not work without information on reference
conditions.

Only indicators describing macrophytobenthos, macrozoobenthos, and Secchi disk
depth fulfilled the criterion of low year-to-year variation. For Secchi depth, the low
interannual variability is most likely due to the high background signal from water
components other than phytoplankton, which make the method robust, whereas ben-
thic fauna and flora contain long-living species that “integrate” the eutrophication
signal over a time-period of several years. Turnover times in the pelagic system, on
the other hand, span from several days (phytoplankton) to several weeks (zooplank-
ton). These components therefore respond fast to changes in the nutrient supply.
However, high interannual variation in nutrient supply is an inherent characteristic
of the Baltic Sea, especially in coastal areas and semi-enclosed sub-basins, because of
the high contribution of freshwater to the water budget.

An indicator system restricted to the interannually stable elements of the Baltic Sea
ecosystem was not felt useful for eutrophication assessment, as it omits important
causative factors (e.g. nutrient loads, winter nutrient concentrations), direct effects
(e.g. changes in phytoplankton) and indirect effects of eutrophication (e.g. frequency
of harmful algal blooms). Inclusion of the relatively variable pelagic indicators into
the indicator framework is also necessary to fulfil the legal requirements to monitor-
ing and assessment in the Baltic provided by the EU Water Framework Directive and
the draft EU Marine Strategy. Both require a broad ecosystem status assessment, in-
cluding also hydrographic variables, a description of the nutrient status, as well as
phytoplankton and zooplankton (only Marine Strategy). To mitigate the effects of
interannual variability we recommend that assessments should be based on averag-
ing periods of several years.

Reference conditions

Reference conditions for indicators characterizing quality elements in the Baltic Sea
were taken either to represent the situation in the early 1900s, the situation right after
World War II, or the lowest percentiles of data from the 1970s and 1980s. Within the
HELCOM EUTRO project an acceptable deviation from the reference conditions (50%
or less) was used to define good ecological status. The EU Marine Strategy suggests
conducting initial assessments and defining good environmental status as a target for
management. The developments coming out from the work of the Baltic GIG (Baltic
GIG, 2005) recommend to focus on response curves which quantify relations between
pressures and ecological indicators and are needed for several reasons: 1) they are
easily understood, 2) they illustrate the range in pressures and environmental re-
sponses, 3) they are useful in justifying and explaining what an acceptable deviation
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between good and moderate ecological status is, 4) they should be the basis for set-
ting up the measures.

The costs of nutrient load reductions (direct costs of new constructions of e.g. sewage
treatment plants, manure storage tanks and indirect costs of e.g. reduced harvest, set-
aside land) can be regarded as socio-economic indicators or as requisite information
to rank management options. Also the impact of nutrient load reduction, leading to
decreased marine productivity and fish stocks has to be addressed to for ecosystem
management of the Baltic.

Land-based nutrient inputs

Land-based nutrient inputs (N, P) provide information on the driving forces of ma-
rine eutrophication. Concentrations in the freshwater (N-tot, P-tot, DIN, DIP) de-
scribe changes in nutrient loss from land, whereas marine eutrophication is driven by
the combined effect of riverine nutrient concentration and the freshwater runoff. Riv-
erine nutrient loads are sensitive to the measurement frequency of riverine nutrient
concentrations.

Atmospheric nutrient inputs

Atmospheric nutrient inputs are most important for the open areas of the Baltic Sea.
Atmospheric N deposition in off-shore regions is determined by model calculations.

Nutrient concentrations

Winter nutrient concentrations provide a suitable eutrophication indicator. However,
the use of winter nutrient concentrations can be hampered by ice conditions, espe-
cially in coastal areas. Also, some shallow coastal systems might not have a winter
nutrient maximum because of high nutrient take-up by filamentous algae.

The draft of the EU Marine Strategy also demands information on nutrient cycling,
specifically on currents and sediment-water exchange. With respect to the Baltic Sea,
water/nutrient exchange between sub-basins and the exchange with the North Sea is
important for several sub-regions/sub-basins. The water and nutrient exchange is not
an eutrophication indicator per se, but acts as a driver and is therefore important in
assessing eutrophication. However, nutrient and water exchange between Baltic Sea
sub-basins and Baltic Sea/North Sea is difficult to estimate.

Sediment-water exchange of nutrients, as suggested in the EU Marine Strategy, is
mainly assessed through proxy data, e.g. near bottom nutrient concentrations, which
in turn are affected by hydrological conditions. Direct measurements are restricted to
research projects and have high spatial and temporal limitations. Therefore no indica-
tors describing the sediment-water exchange of nutrients have been included in the
current indicator system.

Phytoplankton

Chlorophyll-a is the most practical indicator to describe eutrophication effects of the
Baltic Sea phytoplankton. Chlorophyll-a is used most frequently as a proxy for
phytoplankton biomass, because it is easy to measure, and has long time series of
comparable data in the Baltic Sea. Both with respect to chlorophyll-a as well as with
respect to phytoplankton indicators, different seasons provide useful indicators.
However, care has to be taken, that each season is covered by various monitoring
surveys to provide stable indicators.
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Chlorophyll a

Summer chlorophyll a. The summer period should include the time after the spring
bloom subsided up to the beginning of autumn mixing. Measurements should cover
a time period of several months, e.g. June to September as proposed in HELCOM
EUTRO or May to September as proposed by the Baltic GIG.

Annual average chlorophyll 2. Annual average of chlorophyll 2 should be determined
for the period of ice-free water. Annual average stabilizes the variability of the chlo-
rophyll indicator; however, calculation of annual averages is only feasible if the tem-
poral sampling frequency is high.

Spring chlorophyll a. In many areas of the Baltic Sea the spring bloom is more pro-
nounced than the summer bloom. The intensity of the spring bloom also determines
the input of organic matter to the bottom sediments and therefore is important with
respect to ecosystem functioning. Determination of a spring chlorophyll average re-
quires high temporal sampling frequency for the spring months and is not feasible in
many monitoring programmes.

Phytoplankton species composition provides important information on foodweb
functioning and biogeochemical processes, but analysis is time consuming and refer-
ence conditions for phytoplankton species composition are difficult to establish. In
addition, phytoplankton species composition is sensitive to changes in salinity and
therefore reflects also changes in hydrological conditions. Phytoplankton species
composition, especially the proportion of functional groups, is considered sensitive to
eutrophication in several seasons. The proportion of functional groups also provides
important information on organic matter fluxes in the marine ecosystem.

Several HAB indicators have been included in the indicator system. Assessment of
the frequency and duration of HAB blooms relies on measurements with high tempo-
ral coverage, e.g. SOOP data. It also has to be taken into account that the occurrence
of HAB species is region specific, as for example cyanobacteria blooms are restricted
to salinities below 11 PSU.

Primary production, though providing important information on the organic carbon
available to the ecosystem, is currently measured only in some subareas of the Baltic
Sea. The amount of data is insufficient to use primary production as eutrophication
indicator for the entire Baltic Sea area.

Macrophytes

In areas with substrate suitable for macrophyte growth, the depth ranges of several
species provide suitable eutrophication indicators. In some cases, historical data ex-
ists that allow establishing well-defined reference conditions. However, eelgrass (Zos-
tera marina) distribution has also been affected by diseases not only by eutrophication.

Four of the indicators concern the depth distribution of the vegetation and include
various parameters describing depth distribution (see Figure 4.1.1):

1) The depth limit of eelgrass shoots/algal individuals;

2) The depth limit of eelgrass meadows/algal belts;

3) The depth of maximum abundance of eelgrass/macroalgae;

4) The downward slope of eelgrass/macroalgal abundance.

Depth distribution of macrophytes is largely determined by light and therefore also
by parameters affecting the light climate. Increased nutrient concentrations stimulate
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the production of phytoplankton and epiphytes, which reduce water clarity and
thereby reduce the depth penetration of macrophytes. Depth distribution of macro-
phytes should therefore respond predictably to eutrophication.

The ratio of annual to perennial macroalgae and of filamentous algae to Zostera ma-
rina form potentially sensitive indicators because high nutrient concentrations gener-
ally favour the growth of ephemeral flora.

The presence and abundance of sensitive species such as Charophytes is suggested a
potential indicator because Charophytes are believed to be very sensitive to eutrophi-
cation, especially to increased turbidity. The presence of at least some Charophyte-
species therefore seems to be a reliable quality indicator in limnetic ecosystems.

The area covered and the bed structure of eelgrass is suggested as potential macro-
phyte indicator because a reduction in depth limit due to low water quality should
also reduce the potential area covered by this species and possibly also change the
bed structure towards more sparse and scattered patches.

Eventually, the eelgrass-associated fauna is suggested a potential indicator because
recent studies have shown that the fauna composition responds to changes in water
quality.

Water clarity

Secchi depth is the most simple and robust indicator of water clarity. Similarly to
chlorophyll-a, several metrics can be used to define water clarity indicators, e.g.
summer average, annual average or spring average. Most historical data are available
for the summer season.

Oxygen conditions

Oxygen conditions provide a suitable indicator in some areas of the Baltic Sea, but
cannot be used as an eutrophication indicator in the deep Baltic basins, because the
hydrological regime controls the extent of anoxia there. Depending on the shape of
the coastline, oxygen conditions in coastal areas can also be affected by upwelling.

Zooplankton

Zooplankton is an important link between primary producers and secondary con-
sumers (planktivorous, young and larval fish) in the Baltic foodwebs. Zooplankton
abundance and biomass dynamics is affected by changes in productivity, but reacts
also to forcing from its predators. In addition, some zooplankton species are sensitive
to changes in temperature, salinity and eutrophication/pollution.

Macrozoobenthos

Macrozoobenthos should be used as eutrophication indicator only in shallow areas of
the Baltic. In deep areas, hydrological conditions regulate oxygen regime and thus
macrozoobenthos occurrence. Several indicators have been proposed during last
years to be used to assess eutrophication but for most of them defining good refer-
ence conditions were proven to be a difficult task. The use of different indices charac-
terizing the community structure, species richness, and functionality have been tested
in several recent investigations and the results show some promising conclusions in
certain areas and complete failure in others. More investigations should be concen-
trated on this topic in nearest future.
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Fish

Selected fish species or their various life stages (adults, juveniles, larvae or eggs) can
be good indicators for eutrophication. Based on the available research results it may
be concluded that percids and cyprinids are good indicators of eutrophication. How-
ever, it must be stressed that there can be other processes in parallel at work which
may impact fish species dynamics in a similar direction. For instance, warm summers
facilitate an increase in the abundance of cyprinids and percids and very often, sepa-
ration of these effects from eutrophication is very difficult. In a similar manner, a de-
crease of abundance of several marine commercial species might mainly be due to
fishery, not just because of decreased eutrophication.

4.4 4.4 Biological effects of hazardous substances

Biomarkers

In order to develop the concept of detecting contamination-related effects, the ap-
proach of utilising “reference values” for biological effects was initiated by using data
obtained during the EU Project BEEP. The data represented selected parameters
measured for flounder and blue mussels from different study areas.

The lowest seasonal mean response levels recorded at each study area were rounded
downwards by ca. 20 %. The recommended reference value was obtained by the ap-
proximate mean of values from all areas using expert judgement. Exceptions are indi-
cated in footnotes.

As a working hypothesis, an elevation/decrease (depending on the effect) of two-fold
represents an effect (signal) in most of the selected biomarkers. However, more reli-
able criteria have to be created. It is emphasized that this is the first exercise to esti-
mate the reference levels for a set of biomarkers in the Baltic Sea covering a larger
geographical area. More relevant data, existing and new, are needed for more precise
evaluation of reference levels. Furthermore, the use of other approaches, e.g. includ-
ing “grey areas” of response levels or calculating the mean only for a fixed percent-
age of the most affected individuals (most sensitive part of the population) at each
site, have to be tested.

Table 1. Approximate reference levels of biological endpoints in flounder (Platichthys flesus).

Lithuanian coast

Gulf of Gdansk

Offshore areas

Recommended
reference value

Spring Autumn

Spring Autumn

December

LMS

8 13

12 12

15

12

AChE

300! 2501

100t 2001

550

500

MN

0.15 0.15

0.40? 0.30?

0.10

0.15

MT

350 500

300 400

500

300/450°

FAC

4 3

2 5

2

3

Liver
histopathology

2.0 1.0

1.0 0.0

0.0

1.0

Lymphocystis

10

10

Skin ulcer

1Inadeaquate data
2High values likely associated with biological effects of contaminants

3Spring and autumn values separated because of seasonal variability
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Table 2. Approximate reference levels of biological endpoints in the blue mussel Mytilus spp.
Lithuanian coast Gulf of Gdansk Wismar Bay Recommended
reference value

Spring Autumn | Spring Autumn | Spring Autumn

LMS 12 15 10 8 10 12 12

AChE 40 30 30 30 70 50 40!

MN 1.00 2.00 2.00 2.00 2.00 1.00 1.50

MT 250 200 150 200 120 200 150/200?

1Levels possibly related to higher salinity

2Spring and autumn values separated because of seasonal variability

Programme of the ICES/BSRP Sea-going Workshop on Fish Diseases Monitoring in the Baltic Sea
(WKFDM): background

Based on long-term experience there is no doubt that fish diseases are an appropriate
indicator of ecosystem health and that the prevalence’s of diseases respond to envi-
ronmental change, including contaminant effects. Furthermore, many fish diseases
are of ecological and economical relevance since they may affect growth, reproduc-
tion and survival in affected fish populations. Therefore, many ICES member coun-
tries monitor fish diseases as part of their national marine monitoring programmes.

In the Baltic Sea, only Poland, Germany and partly Russia are presently conducting
regular fish disease monitoring programmes. However, from data assessments car-
ried out by the ICES Working Group on Pathology and Diseases (WGPDMO) there is
an indication of methodological problems, particularly regarding the comparability
of disease prevalence data, and a clear need for more intercalibration has, thus, re-
peatedly been emphasised.

Besides these countries, there is also interest in other Baltic Sea countries to imple-
ment fish disease monitoring as part of the coastal or offshore monitoring, but there
has been an apparent lack of either capacity or experience. Within the BSRP, this has
been realised and funding was provided for capacity building related to fish disease
monitoring in the BSRP beneficiary countries. The AtlantNIRO was appointed as
BSRP Lead Laboratory for Fish Diseases, Parasites and Histopathology in order to
coordinate activities.

4.4.4.5 Public health aspects of pollution and eutrophication

There exists similarities between the human health — the state of complete physical,
social and mental well being — not merely the absence of disease or infirmity — and
the good ecological status of marine environment.

Marine environment is valuable to humans in various aspects: for recreation, it sup-
plies food and nutrition and enhances the quality of human life in terms of aesthetic
enjoyment. Simultaneously, adverse public health effects can be direct — due to inges-
tion of polluted water, by skin contact with water or inhalation of polluted aerosols;
or indirect — due to fish consuming, consumption of toxic seafood after toxic algal
blooms. Among indirect effects are the loss of recreational value due to massive
growth of algal mats or toxic algal blooms.

The interactions between humans and the sea are significant and necessitate more
comprehensive study and assessment. The seas provide great health benefits to hu-
mans, ranging from food and nutritional resources to recreational opportunities, and
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a novel resource for new bioactive compounds and food additives. Marine plants,
animals and microbes have served as a source for pharmaceuticals to treat diseases.

The marine ecosystem acts as a conduit for many human diseases. The distribution of
viral, bacterial, and protozoal agents and chemical contaminants in marine habitats
depends on the interplay of currents, tides, and human activities. The presence of
algal toxins in marine environment is receiving increasing attention around the world
as a public health concern. The basic route of human exposure to hazardous agents is
through ingestion of contaminated seafood, but illness can also result from direct
contact with seawater during recreational or occupational activities and from contact
through aerosols (sea spray) containing toxins.

Pathogens from human or animal waste and different chemical compounds contami-
nate coastal and estuarine areas through freshwater runoff from sewers, rivers and
streams. Marine pathogen bacteria and harmful algal species can invade new areas
through the transport of organisms in the ballast water of ships. Viruses and bacteria
of faecal origin become concentrated in filter-feeding shellfish such as oysters and
clams. No specific test exists for detecting contaminated fish. At the same time fisher-
ies products are transported and sold worldwide.

Many types of chemical contaminants threaten the marine ecosystem as well as hu-
man health. Substances of particular concern are synthetic organic chemicals, specific
heavy metals, marine (algal) toxins, and possibly genetically modified organisms. A
major concern for public health is the ingestion of contaminated seafood, putting
those humans who eat contaminated seafood over time at the greatest risk. The long-
term exposure has a variety of effects on human reproduction, neurobehavioral de-
velopment, liver and kidney function, immune response, and tumorigenesis. More
recently, these compounds have been found to possess endocrine properties and have
been associated in animals and humans with male fertility problems.

Algal toxins are produced by marine organisms on a scale large enough to induce
adverse effects on communities of higher organisms. Humans may be exposed
through the consumption of seafood or through dermal contact from occupational or
recreational exposure to a toxin. Different toxins have different effects. Symptoms
include nausea or respiratory problems up to severe memory loss, with fatality rates
exceeding 10% in some cases.

Linking the health of the marine ecosystem with that of human population is a long-
term endeavour that will require considerable efforts and resources. Reduction and
prevention of human health threats caused by marine ecosystem changes requires
determination of cause-effect relationship. It is possible only by correlating data on
ecosystem health changes with reliable reports from the public health sector.

4.4.4.6 Socio-economic aspects

Socio-economic indicators are useful to describe the driving forces leading to nutrient
enrichment, especially indicators that describe the intensity of agriculture (e.g. fertil-
izer use, livestock density, farm size, number of manure tanks per specific number of
farms), forestry, traffic emissions (e.g. number of cars) or industry (point source
loads).
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4.5

Preliminary proposal for socio-economical indicators in regard to hazardous sub-
stances:

e loss in fisheries (change in fisheries value, reduction of commercial fish
stocks, and species diversity);

e lowered quality of fish and other marine organisms as food;

e increased costs of fish surveillance in the case of toxin incidence [monitor-
ing];

e loss of marine organisms (micro-, macroalgae and others) used for produc-
ing food additives, cosmetics, fertilisers, pharmaceutics;

e reduced options for aquaculture development;

e increased risk to human health (infection diseases, poisonings, allergy,
cancer, etc);

e increased costs of human health protection and medical treatment;
e loss of tourism, recreation and aesthetic values (closing of beaches, etc.);
e costs of monitoring (monitoring of pollution, biota, human health);

e costs for remediation of aquatic ecosystem (removal of polluted sediments,
beach cleaning, etc);

e costs of reduction and liquidation of pollution (liquidation of oil spots and
cleaning, etc.).

4.4.4.7 Fish

As the fisheries ecosystems of the 'true seas' (e.g. North Sea) are very different from
the brackish young seas (the Baltic Sea), the indicators which have been developed
and are working there cannot be directly applied in the conditions of the Baltic Sea.
Even more, most of them were ranked as 'requires further evaluation' or even
dropped out of the list. It should be mentioned here that both the scope and efforts of
the fisheries science in the Baltic Sea region (i.e., by countries) differs from that in
other major fisheries regions, which is partly due to substantial regional natural het-
erogeneity within the Baltic Sea. In addition, for instance, our knowledge on popula-
tion characteristics is very limited for most of the non-commercial fish.

SGEH meeting 2006 (ICES 2007)

The 2006 SGEH meeting reviewed progress on ecosystem based approaches for Baltic
Sea health assessment. Indicators of biodiversity, biological effects of hazardous sub-
stances, eutrophication, and fishery, developed during previous meeting, were dis-
cussed and further developed. Also, a preliminary compilation of genetic diversity
was prepared. After plenary presentations and discussion the SGEH group had split
into two sub-groups that concentrated on biodiversity and hazardous substances se-
lecting and developing best possible indicators.

The meeting outcomes were:

e revised and updated tables with a list of indicators for each group of indi-
cators shown above. A sort of an indicator diagnosis i.e., an assessment of
practical applicability and specificity of a given indicator was developed;

e referenced conditions and target levels were established for some specific
indicators;

e plans on future demonstration project on an integrated multidisciplinary
assessment of the Gulf of Finland contamination status;
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e recommendation that the outcome of the meeting would be used when de-
veloping programmes for monitoring and/or assessment of the Baltic Sea
ecosystem.

4.5.1 Hazardous substances

A proposal of indicators on hazardous substances and biological effects including
fish diseases and parasites was updated (see Annex 5).

SGEH meeting 2007 (ICES 2008)

SGEH reviewed the progress regarding ecosystem-based approaches to management
of the marine environment and discussed ecosystem health (EH) issues of the Baltic
Sea with respect to two of the four HELCOM BSAP activities (ICES 2008):

e Dbiological effects of contaminants, and

e loss of biodiversity.
The scientific background for the implementation of the HELCOM Baltic Sea Action
Plan (BSAP) and the EU Water Framework Directive (WFD) was the focus of the
meeting. The SGEH referred to its report from the 2003 meeting, where the following
4 environmental concerns were identified as ecosystem health priority issues:

e effects of eutrophication,

e Dbiological effects of hazardous substances (and fish diseases),

e effects of fishing, and

e loss of biological diversity (including xenodiversity and habitat destruc-

tion).

These issues are not completely in line with issue covered by the four HELCOM
BSAP goals:

e Baltic Sea unaffected by eutrophication,

e Baltic Sea unaffected by hazardous substances,

e favorable status of Baltic Sea biodiversity, and

e maritime activities carried in an environmentally friendly way.

4.6.1 Identification of SGEH links

SGEH links to HELCOM:
e provide scientific background for the implementation of the HELCOM Bal-
tic Sea Action Plan (BSAP)
e contribute to HELCOM Thematic Assessment on Biodiversity
e contribute to HELCOM Thematic Assessment on Hazardous Substances

e provide background to future monitoring of biological effects of contami-
nants

SGEH links to EU:

e Development of indicators (biodiversity) for the EU Water Framework Di-
rective (WFD)

NB: Marine Strategy Framework Directive was NOT mentioned in the 2007 Report.
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SGEH links to OSPAR:

Corresponding work with ICES/OSPAR WKIMON regarding the devel-
opment of indicators of biological effects of contaminants and related as-
sessment criteria as well as guidelines for integrated monitoring and
assessment of contaminants and their biological effects

SGEH links to other ICES Expert Groups:

4.6.3

Concerning the Ecosystem Health Concept, SGEH proposed to concentrate in the fu-

ICES/HELCOM Working Group on Integrated Assessments of the Baltic
Sea (WGIAB),

Working Group on Regional Ecosystem Description (WGRED),
Benthos Ecology Working Group (BEWG),

Workshop on the Integration of Environmental Information into Fisheries
Management Strategies and Advice co-sponsored by ICES, EUROCEANS,
and GLOBEC (WKEFA).

Presentation of projects

Classification of biodiversity and assessment methodologies
Gulf of Finland biodiversity case study (comprehensive annex)

The trophic status index for brackish water quality assessment in the Baltic
coastal waters

Sea-going Demonstration Project on the Ecosystem Health of the Gulf of
Finland (as part of the BONUS+ BEAST project)

Other BONUS+ projects

Recommendations from the 2007 SGEH meeting

ture on the following aspects:

development of tools for the assessment of ecosystem health,

demonstration Project on the Integrated Multidisciplinary Assessment of
the Ecosystem Health of the Gulf of Finland,

work towards implementation of EU WFD and BSAP,

development of reference values, assessment criteria and ecosystem health
indices,

development of socio-economic (D-type) indicators.

The SGEH agreed to continue its activities concerning;:

biological effects of hazardous substances (including fish diseases),
biodiversity (including fish diversity),

issues regarding the implementation of WFD and HELCOM BSAP (refer-
ence values, indices),

contributing to the development and use of socio-economic indicators (D-
indicators),

extending its activities on ecosystem effects of biotoxins produced by
harmful algal blooms.
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It has also been agreed that:

e the reference values (assessment criteria for biological effects) suggested by
WKIMON (2007) shall be discussed and evaluated in a Baltic perspective at
the 2008 SGEH meeting, and

e SGEH should take an active part in selection of relevant indicators and indi-
ces for HELCOM Thematic Assessments and EU WFD.
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Review and discussion on new developments regarding ecosystem-
based approaches to management of the marine environment with
particular reference to progress in EU, ICES, HELCOM and OSPAR
(ToR a)

5.1

EU

5.1.1 WFD and MSFD

There are a few differences in approach between WFD and MSFD that can be noted.
WED focus more on marine-chemical parameters than the MSFD, where aspects like
e.g. biological diversity and fishing is of higher concern. MSFD does not regulate at
the same level of detail as the WFD and regional differences is taken into account. An
important difference between the directives is that in WFD measures is related to the
benefit. In the MSFD the measures should be related to the risk for the environment.
Measures should be devised on the basis of the precautionary principle and the prin-
ciples that preventive action should be taken, that environmental damage should, as
a priority, be rectified at source and that the polluter should pay.

5.1.2 MSFD

Within the MSFD good environmental status shall be determined on the basis of
eleven qualitative descriptors (Annex 6). Eleven expert groups have been formed
within EU, one for each descriptor. In September 2009 the expert group will present
the suggested criteria and methodological standards for the descriptors to the com-
mission. Thereafter the commission will consult all interested parties, including Re-
gional Sea Conventions. In July 2010 the commission will decide on standards and
criteria and methodological standards. Regional differences will be regarded. There-
after an initial assessment of the current environmental status should start. By 15 July
2012 the initial assessment should be completed and “good environmental status”
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and targets and associated indicators should be determined. The initial plan for the
organisation of the work within EU with the MSFD is presented Annex 7.

The suggested criteria and methodological standards for the descriptors should be
discussed in this group in the meeting next year.

In the MSEFD is it stated that where the status of the sea is critical to the extent that
urgent action is needed, Member States should endeavour to agree on a plan of action
and making the region a pilot area. HELCOM have recently agreed to suggest to the
commission that, based on BSAP, the Baltic Sea should become a pilot area.

5.1.3 EU Strategy for the Baltic Sea Region

The European Commission is preparing an EU Strategy for the Baltic Sea Region on
the request of the European Council. The aim of the Strategy will be to coordinate the
efforts of various actors in the Region (Member States, regions, financing institutions,
the EU, pan-Baltic organisations, non-governmental bodies etc.) so that by working
together they would promote a more balanced development of the Region.

The Strategy will aim at four main objectives:

1) to improve the environmental state of the Baltic Sea Region and especially
of the Sea;

2) to make the Baltic Sea Region a more prosperous place by supporting bal-
anced economic development across the Region;

3) to make the Baltic Sea Region a more accessible and attractive place for
both its inhabitants, for competent labour force and for tourists; and

4) to make the Baltic Sea Region a Safer and more secure place.

The Commission services, with Directorate General Regional Policy leading the work,
will present the first draft of the Strategy in the last trimester of 2008 and consult the
stakeholders during several events to be organised in the Baltic Sea Region. The
Strategy will be presented to the European Council in June 2009 and be one of the
main priorities of the Swedish EU Presidency during the second half of 2009.

Reference: http://ec.europa.eu/regional_policy/cooperation/baltic/index_en.htm

5.2 ICES

Ecosystem approach within the ICES is mainly related to fisheries.

5.3 HELCOM

A number of monitoring programmes are coordinated by HELCOM. A holistic as-
sessments of the state of the Baltic marine environment over the period 1999-2002
was published in 2003. Results from the monitoring programmes are used in annu-
ally updated indicator fact sheets and thematic reports on various topical issues. A
thematic assessment on eutrophication was published in March 2009. Thematic as-
sessments on biological diversity, maritime activities and hazardous substances are
planned. The time plan for the report on hazardous substances is that the next plan-
ning meeting will be the 27-28 of April 2009. The first draft should be ready in July
2009 and the second draft in October 2009. The report should be finished at the end of
2009. Based on these thematic report an holistic assessment will be done. The report
on the holistic assessment is expected to be of use within the work to fulfil the BSAP.


http://ec.europa.eu/regional_policy/cooperation/baltic/index_en.htm#council#council�
http://www.helcom.fi/environment2/ifs/en_GB/cover/�
http://www.helcom.fi/environment2/ifs/en_GB/cover/�
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WGIAB have developed a so-called ”traffic-light plot” that can describe changes
within ecosystems. In the future it can be interesting to establish links with this group
(see further: WGIAB report 2008).

OSPAR

OSPAR is working on the Quality status report for 2010. This working group should
follow the outcome of this report and it will be discussed in the meeting next year.

Review and update progress with national and international
biological effect monitoring activities e.g. OSPAR, HELCOM, MED-
POL, WFD, MSFD, harmonization initiatives, integrated assessment
and application of biological effect techniques, and the ICON pro-
gramme (ToRs e, f)

6.1

SGEH is providing a summary and update of the implementation and application of
biological effects monitoring activities in the frame of international programmes,
conventions, as well as EU-directives. In addition, information on intercalibration,
harmonization, and other quality-assurance procedures are given with respect to bio-
logical effects of contaminants including fish diseases.

OSPAR

The core marine environmental monitoring activity under the JAMP is the OSPAR
CEMP (The Co-ordinated Environmental Monitoring Programme). CEMP is focussed
on monitoring of the concentrations and effects of selected contaminants and nutri-
ents in the marine environment. The only mandatory effect biomarker is TBT effects
in gastropods.

With regard to biological effects monitoring, OSPAR provides JAMP guidelines for:

e General biological effects monitoring (agreement 1997-7).
e Contaminant specific effects monitoring (agreement 2008-9).

e Integrated Monitoring and Assessment of Contaminants and their effects
(in preparation)

The ICES/OSPAR Workshop on Integrated Monitoring of Contaminants and their
effects in coastal and Open-sea Areas (former WKIMON, now SGIMC) came up with
a list of biomarkers useful for different integrated monitoring purposes including
their assessment criteria (WKIMON 2007, SGIMC 2009). In addition, they provided
background documents on the status of biological effects monitoring techniques and
draft guidelines for the integrated assessment of contaminants and their effects.

In that frame, the project ICON (start in 2008) acts as a demonstration project and a
pilot study for the application of biomarker techniques in integrative contaminant
and effect studies of European coasts and offshore regions.

The following biomarkers are analyzed in the frame of regional/ national monitoring
activities in the OSPAR-area and data sent to the ICES database: Denmark: imposex,
France: imposex, Germany: 2-hydroxy naphthalene, fish diseases, Norway: EROD,
ALA-D, 3-hydroxy benzo(a)pyrene, imposex, MT, 2-hydroxy naphthalene, 1-hydroxy
phenanthrene, 1-hydroxy pyrene, Spain: imposex, sterility of females, Sweden: im-
posex, The Netherlands: oyster embryo assay, intersex, fish diseases, United King-
dom: EROD, imposex, intersex, sterility of females,1-hydroxy pyrene, fish diseases.


http://www.ospar.org/documents/dbase/decrecs/agreements/97-07e.doc�
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6.2

6.3

6.4

HELCOM

Even though there are no mandatory biological effects monitoring activities in the
HELCOM area, part D of the HELCOM COMBINE monitoring programme defines
the monitoring of contaminants and their effects with the following objectives:

e study the relationships between concentrations and effects;
e provide knowledge on health parameters;

e integration of measurements from the level of effects of contaminant con-
centrations at the tissue level up to effects at the population level;

e coverage of different levels in the food web;
e assessment of acute as well as chronic responses;

e simultaneous measurements of the levels of relevant contaminants in the
study organism and relevant environmental matrix.

ICES has been invited by HELCOM to advice on methods for determining effects
primarily on reproduction, immunology and metabolism of marine organisms. In
addition, the recommendations of OSPAR on the parameters used should be taken
into considerations to harmonize the programmes and to make use of the expertise
relevant for Baltic species and the Baltic environment.

HELCOM stresses the need for studies providing knowledge about the applicability
of several of the contamination-related biomarkers in current use (e.g. EROD induc-
tion, histopathology) in Baltic Sea organisms that are potentially useful as monitoring
species.

In addition, the development of chronic sediment and water bioassays are considered
by HELCOM useful for studies in heavily contaminated areas.

MEDPOL

MEDPOL Phase Il (1996-2005)

Biological effects monitoring has been included in the monitoring programmes as a
pilot activity to test the methodology and its use as early-warning tools to detect any
destructive effects of pollutants on marine organisms. Biomarkers are considered as
“impact” indicators used for the evaluation of toxic effects of pollutants on coastal
marine life. They are considered as the most direct method to assess exposure to, and
effects of, chemical contaminants at very early stages (at cellular or organism level)
(UNEP/RAMOGE, 1999, UNEP, 2007).

The principal programmatic components of MED POL Phase IV (2006-2013) were
discussed at the Third Review Meeting on MED POL — Phase III Monitoring Activi-
ties in December 2005.

The biological effects monitoring activity will continue to be a component of MED
POL monitoring and assessment. The programme will be further developed using
caged organisms and the 2-tier approach (UNEP, 2007).

WFD

In the EU Water Framework Directive there is no implementation of biological effects
monitoring.

| 41



42 |

6.5

6.6

ICES SGEH REPORT 2009

MSFD

Indications for a potential future application of biological effects monitoring in the
frame of the Marine Strategy Framework Directive are given in the “Directive
2008/56/EC of the European Parliament and of the Council” of 17 June 2008, establish-
ing a framework for community action in the field of marine environmental policy
(Marine Strategy Framework Directive). In the Annex “Qualitative descriptors for
determining good environmental status (referred to in Articles 3(5), 9(1), 9(3) and 24)”
it is mentioned that:

e All elements of the marine food webs, to the extent that they are known,
occur at normal abundance and diversity and levels capable of ensuring
the long-term abundance of the species and the retention of their full re-
productive capacity.

e Concentrations of contaminants are at levels not giving rise to pollution ef-
fects.

In the Directive it is mentioned that member states shall identify those descriptors
which are to be used to determine the good environmental status for their marine
region or subregion. When a Member State considers that it is not appropriate to use
one or more of those descriptors, it shall provide the Commission with a justification
in the framework of the notification made pursuant to Article 9(2).

Harmonisation, intercalibration, and training of biological effects
parameters

The following recent international activities for the harmonisation, intercalibration,
and training of biological effects parameters were identified and discussed during the
meeting:

e BEQUALM Biological Effects Quality Assurance in Monitoring pro-
grammes. Intercalibration workshops and ring-tests for the following pa-
rameters:

= EROD

*  External fish diseases

»=  Liver histopathology

*  Acute 10 day Corophium volutator (amphipod) sediment test
*  Luminescent Bacteria Programme

e QUASIMEME

* Imposex and intersex in marine snails (shell height, penis length,
vas deferens stage, female prostrate length and intersex change)
e ICON project
e Harmonisation of the techniques to measure PAH metabolites in bile
e SGIMC Workshop in Aberdeen 2009
e  Workshop Bremerhaven (Training): Lysosomal membrane stability, histo-
chemical approach has been performed in October 2008 at AWI/IMARE
e SGIMC Workshop Spain in 2009: Neutral red retention tests, lysosomal

membrane stability

e The MED POL programme has established a regional data quality assur-
ance (DQA) programme. The DQA programme, intended for all MED POL
participating laboratories, comprises several components.


http://www.bequalm.org/luminescent.htm�
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e The University of Alessandria, Italy, act as a reference centre for biological
effects studies and conducts LPS for the biological affects monitoring in
cooperation with ICES and BEQUALM. It will implement training and in-
tercalibration as required.

7 Review and report the progress on the development of assessment
criteria and integrated chemical-biological effect assessment tools in
the Baltic Sea region (ToR g)

7.1 Review of indicators and assessment criteria in previous SGEH reports

The SGEH reviewed the information on indicators and related assessment criteria for
environmental impacts relevant for the Baltic Sea provided in the previous SGEH
reports. It was noted that especially the report from the 2006 meeting in Tallinn (ICES
2007) contains a number of comprehensive annexes detailing:

1) indicators of habitat destruction and loss of biodiversity (Annex 13)

2) indicators on hazardous substances and biological effects (incl. disease and
parasites) (Annex 14)

3) indicators of eutrophication (Annex 15)

4) indicators of fishery (Annex 16)

In the annexes information is provided on the immediate applicability of the indica-
tors listed for Baltic Sea monitoring and assessment as well as on the extent to which
the indicators meet the requirements defined (as regards data availability, regional
responsiveness to stressors, unambiguous interpretation, simple quantification, index
period stability, low year-to year variation and environmental impact).

Another annex (Annex 3) in the report from the 2006 SGEH meeting described an
exercise on Gulf of Finland bivalve data, aimed at the determination of sub-regional
reference/target and effect levels for biomarkers.

For many of the indicators, information on reference/target values needed for the es-
tablishment of assessment criteria is given in the SGEH 2006 report. However, notes
of caution were made regarding the status and applicability of the values for the en-
tire Baltic Sea and it was clearly stated that more work is needed to generate values
with a higher degree of confidence.

Because of the expertise of the 2009 participants of SGEH, the SG did not feel suffi-
ciently competent to draw conclusions regarding progress achieved on assessment
criteria for the indicators of habitat destruction and loss of biodiversity, eutrophica-
tion and fishery. However, for the indicators on hazardous substances and biological
effects it was noted that the information contained in the 2006 SGEH report still
represents the current situation. It is anticipated that significant progress will be
achieved through the BONUS+ project BEAST (see SGEH report section 9) since the
project focuses explicitly on the development of assessment approaches for biological
effects of contaminants in the Baltic Sea.

7.2 Review of indicators and assessment criteria in the OSPAR area

The SGEH further reviewed progress made in the development of assessment criteria
for biological effects of contaminants in the ICES/OSPAR context. The newly formed
ICES/OSPAR Study Group on Integrated Monitoring of Contaminants and Biological
Effects (ICES/OSPAR SGIMC) and its predecessors (the ICES/OSPAR Workshops on
Integrated Monitoring of Contaminants and their Effects in Coastal and Open-sea
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areas; WKIMON [-1V) focused on the development of assessment criteria and pro-
vided relevant information in their reports (ICES 2008, 2009). Particularly the SGIMC
report provides detailed tables on the current status of assessment criteria developed
for the OSPAR CEMP/JAMP and further work on the topic is included in the SGIMC
work plan for the coming years. For instance, a workshop on assessment criteria is
scheduled for autumn 2009 (Aberdeen, UK).

Another current activity that is aimed at developing assessment criteria and strategies
is the ICON project (Integrated Assessment of Contaminant Impacts of the North Sea)
that constitutes a demonstration programme for the applicability of the ICES/OSPAR
integrated approach to monitoring and assessment of contaminants and their biologi-
cal effects in the North Sea. Results obtained in ICON are expected to be available in
late 2009.

In the discussion, it was emphasized that the results of the ICES/OSPAR efforts as
well as of the ICON project should be reviewed by the SGEH at its 2010 meeting in
detail in order to evaluate their applicability to the Baltic Sea conditions. It was
stressed that the review should focus on both, the design of the assessment criteria as
well as the values recommended as reference/target values. The SGEH further noted
that assessment criteria for hazardous substances and for biological effects have been
generated and applied also in other geographical areas and programmes, such as in
the Mediterranean Sea through the MED POL programme. These should also be con-
sidered in the review.

Conclusions

1) The SGEH concluded that the information on assessment criteria for haz-
ardous substances and their biological effects contained in the SGEH re-
port from its 2006 meeting still represents the current status. However,
progress is expected to be made through the BONUS+ project BEAST and
through other activities for areas outside the Baltic Sea. These should be
reviewed at the 2010 SGEH meeting and an update report should be pre-
pared.

2) It was pointed out that for many of the parameters for which assessment
criteria are needed there is still a lack of baseline data from sub-regions of
the Baltic Sea. However, such data are required and will be obtained
within the BONUS+ BEAST project.
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8 Review progress within the BONUS+ Programme BEAST project with
discussions on development of especially the parts of the project re-
lated to development of integrated monitoring (Workpackage 2) and
assessment of ecosystem health (Workpackage 3) to serve the goals
of the SGEH and BSAP (ToR d)

8.1 Review progress within Bonus BEAST WP 3

The main objectives of work package 3 are a) to perform integrated analyses of bio-
logical effect data generated within BEAST and available from previous studies (e.g.
BEEP) or national and regional monitoring in the Baltic Sea; b) to test existing inte-
grated approaches and (based on those) to develop new approaches suitable for the
Baltic Sea sub-regions and the area as a whole; c) to perform regional assessments in
selected Baltic Sea subregions.

Another task of WP 3 concerns the set-up of the database needed to host all relevant
data produced within the BEAST project but also other data/metadata already avail-
able concerning biological effects (e.g. BEEP data), data on chemical measurements
and environmental variables measured (e.g. temperature, salinity, oxygen). The work
on this database has started and a first structure should be available to all BEAST
partners in June 2009.

Another WP3 activity during 2009 will be to compile and review information on ex-
isting approaches concerning integrated biomarker indices, expert systems and other
assessment strategies which have been developed for other marine regions. In rela-
tion to this activity an expert workshop will be organised to be held in Jan/Feb 2010.
During this workshop, BEAST partners and external experts will discuss and evalu-
ate the compiled information, and will perform first practical exercises using Baltic
Sea data. Another goal will be to give recommendations concerning the further inte-
grated analyses of the BEAST data and other data available from other sources (e.g.
BEEP).

9 Evaluation of progress made regarding the planning of Sea-going
Demonstration Project on the Ecosystem Health of the Gulf of
Finland (a specific subregional part of the BONUS+ BEAST project)
(ToR ¢)

9.1 BEAST GOF-IA (Integrated Multidisciplinary Assessment of the Ecosystem
Health of the Gulf of Finland)

GOF-IA (Integrated Multidisciplinary Assessment of the Ecosystem Health of the
Gulf of Finland) is a part of the BEAST project (Biological Effects of Anthropogenic
Chemical Stress: Tools for Ecosystem Health Assessment) that belongs to the BO-
NUS+ Programme. The aim of the GOEF-IA is to foster and execute the ecosystem
health approach in the assessment of the state of the different sub-regions of the Bal-
tic Sea. Measurements and sampling are planned to be carried out at 24 stations and
10 fishing areas in Finnish, Russian and Estonian waters of the Gulf of Finland in Au-
gust-September 2009. The researches will be executed as a joint cruise of the Finnish
ocenographic r/v Aranda and the German fishery r/v Walther Herwig IIl. The pa-
rameters studied include (1) hydrography (nutrients, salinity, temperature, pH, oxy-
gen content), (2) biomarkers of hazardous substances in biota, (3) hazardous
substances and algal toxins in biota and sediment, (4) fish diseases and histopathol-
ogy and (5) abundance, biomass and structure of benthos, phytoplankton, zooplank-
ton and fish communities. Samples will also be collected for specific research needs
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and experimental approaches, e.g. mussels deployed in cages in the Kotka region
during the previous cruise will be collected for analyses. The collected new data will
be combined, in feasible parts, with previous material. The GOF-IA will provide deci-
sively new information especially of the biological effects of hazardous substances in
this Baltic Sea subregion.

Planning of intersessional work, contributions to the implementation
of HELCOM BSAP, and key topics of next year’'s SGEH meeting (ToR
h)

The SGEH meeting discussed, identified and agreed upon the following interses-
sional work and topics for the meeting in 2010:

1) review the outcome of the BEAST project Data Treatment and Index Test-
ing & Development Workshop (early 2010);

2) review the progress in the BONUS+ BEAST project;
3) examine the review of (a) literature on basic & applied research on biologi-

cal effects of contaminants and (b) chemical contamination in the Baltic
Sea;

4) evaluate of relevance of the literature review above for the development of

integrated biological chemical monitoring and assessment criteria;

5) follow-up of the SGEH input to the HELCOM HOLAS Thematic Assess-
ment concerning hazardous substances (HAZAS);

6) discuss the methodological standards and criteria suggested to the EU
Commission within the Marine Strategy Framework Directive concerning
qualitative descriptors for determining good environmental status;

7) review the concept of ecosystem health concerning the Baltic Sea in par-
ticular and its implementation in HELCOM BSAP.

Any other business

12

The SGEH will investigate the possibility to arrange the next meeting in March/April
2009 at the Sea Fisheries Institute, Gdynia (Poland), kindly offered by Henryka Dab-
rowska.

Closing of the meeting

The meeting closed on 5 March 2009 at 16:00.
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Annex 2: Meeting agenda

1.

10.

11.
12.
13.

Opening of the meeting; including a welcome address from the Vice Director
of IOW, Prof. Wolfgang Fennel;
adoption of the agenda;
appointment of rapporteurs;
review and discussion on the past activities of the predecessor of the SGEH
(BSRP/HELCOM SGEH, 2005-2008) (ToR a, ToR b):

a. the legacy of the past SGEH;

b. redefining Ecosystem Health in the Baltic Sea (?);

c. updated goals and outputs of SGEH;

d. working methods of SGEH;
review and discuss on new developments regarding ecosystem-based ap-
proaches to management of the marine environment with particular refer-
ence to progress in (ToR a)

a. EU (e.g. WFD, MSFD);

b. ICES;
c. HELCOM (e.g. WGIAB);
d. OSPAR;

review and update progress with national and international biological effect
monitoring activities e.g. OSPAR, MEDPOL, WFD, MSFD, harmonisation ini-
tiatives, integrated assessment and application of biological effect techniques,
and the ICON programme (ToRs e, f);

review and report the progress on the development of assessment criteria
and integrated chemical-biological effect assessment tools in the Baltic Sea
region specifically in regard to (ToR g)

a. work done under the previous SGEH;

b. work done in the OSPAR area applicable in the Baltic Sea area;
review progress within the BONUS+ Programme BEAST project with discus-
sions on development of especially the parts of the project related to devel-
opment of integrated monitoring (Workpackage 2) and assessment of
ecosystem health (Workpackage 3) to serve the goals of the SGEH and BSAP
(ToR d);
evaluate the progress made regarding the planning of Sea-going Demonstra-
tion Project on the Ecosystem Health of the Gulf of Finland (a specific subre-
gional part of the BONUS+ BEAST project) (ToR c);
planning of intersessional work, contributions to the implementation of
HELCOM BSAP, and key topics of next year’s SGEH meeting (ToR h);
any other business;
recommendations and action list;

adoption of the report and closure of the meeting.
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Annex 3: SGEH terms of reference for the next meeting

The Study Group for the Development of Integrated Monitoring and Assessment
of Ecosystem Health in the Baltic Sea [SGEH] (Chair: K. Lehtonen, Finland) will

meet in Gdynia, Poland from 1 to 5 March 2010 to:

a)
b)
<)
d)
e)

f)

g)

review the outcome of the BEAST project Data Treatment and Index Test-
ing & Development Workshop (early 2010);

review the progress in the BONUS+ BEAST project;

examine the review of (a) literature on basic & applied research on biologi-
cal effects of contaminants and (b) chemical contamination in the Baltic
Sea;

evaluate of relevance of the literature review above for the development of
integrated biological chemical monitoring and assessment criteria;
follow-up of the BEAST/SGEH input to the HELCOM HOLAS Thematic
Assessment concerning hazardous substances in the Baltic Sea;

discuss the methodological standards and criteria suggested to the EU
Commission within the Marine Strategy Framework Directive concerning
qualitative descriptors for determining good environmental status;

review the concept of ecosystem health concerning the Baltic Sea in par-

ticular and its implementation in HELCOM BSAP.

SGEH will report by 30 April 2010 to the attention of the Science Committee.

Supporting Information

Priority:

Scientific
justification and relation
to action plan:

Resource
requirements:

The activities of SGECOH will lead ICES to progress related to the
ecosystem affects of fisheries, especially with regard to the application
of the Precautionary Approach. Consequently these activities are
considered to have a very high priority.

Action Plan Nos: 1.2,2.3,2.6

SGEH will continue its activities, but focusing more on the effects of
anthropogenic contaminants at different biological levels. Several
countries are conducting or have recently completed significant studies
in aspects being potentially of relevance for the integrated assessment.
The integrated assessment of WGIAB would benefit from a review of
progress and an evaluation of the results obtained. This shall be done
to support WGIAB with all availbale information in a structured
manner and to help WGIAB in selecting appropriate areas for the
integrated assessment.

SGEH will directly link with the Baltic Sea BONUS+ Programme
project BEAST whose partners form the backbone of the group. SGEH
will also link closely with the Baltic Sea BONUS+ Programme project
BALCOFISH. SGEH will link with the ICES WGIAB on matters
concerning methods of integrated assessments in the Baltic Sea. Key
members of the now closed SGEH are also members of WGBEC, and
during the annual WG meetings they reported regularly about on-
going activities in the Baltic Sea in regard to research and development
on biological effects and other issues in relation to Ecosystem Health.
SGEH will form an even stronger link between these two ICES groups.
SGEH will act as a consultant of HELCOM concerning advice on re-
structuring/re-organisation/establishment of integrated biological-
chemical monitoring of hazardous substances in the Baltic Sea.

The research programmes which provide the main input to this group
are underway and resources already committed. The additional
resources required to undertake additional activities in the framework
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Participants:

Secretariat facilities:

Financial:

of this group are negligible.

The Group, apart from appointed national members, will be attended
by experts involved in implementation of BONUS +/BEAST project.

None.

No financial implications.

Linkages to advisory
committees:

Linkages to other

committees or groups:

Linkages to other
organizations:

There is a close working relationship with (WGIAB, WGBEC & SGIMC.

The work of this group is closely aligned with similar work in FAO.
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Recommendation For follow up by:

1. Future meetings of the ICES Study Group for the Development ~WGIAB, SSGRSP, HELCOM
of Integrated Monitoring and Assessment of Ecosystem Healthin MONAS

the Baltic Sea (SGEH) should focus on aspects related to all four

main issues of the HELCOM Baltic Sea Action Plan

(eutrophication, hazardous substances, biodiversity, maritime

activities) in order to be able to make recommendations

concerning monitoring and assessment in an integrated way,

needed to assess ecosystem health.

2. Interactions and collaboration among groups dealing with WGIAB, SSGRSP,
integrated asessments (such as SGEH, WGIAB and OSPAR/SGIMC, HELCOM
OSPAR/SGIMC) should be strengthened with the aim of MONAS

harmonisation of targets and methodology.

3. The integrated approach for monitoring and assessment WGIAB, SSGRSP,

should be reflected in the SGEH participation, and ICES Member =~ OSPAR/SGIMC, HELCOM
Countries are encouraged to nominate appropriate national MONAS

experts to attend the future SGEH meetings.

4. Close links between the SGEH and HELCOM should be WGIAB, SSGRSP, HELCOM
established since HELCOM is expected to be the main end-user MONAS

of the SGEH deliverables and recommendations; regular

participation of HELCOM representatives would serve this

purpose.

5. SGEH should serve as a key expert group concerning WGIAB, SSGRSP,

biological effects in issues related to the implementation of the OSPAR/SGIMC, HELCOM
BSAP as well as the Marine Strategy Framework Directive where =~ MONAS

the Baltic Sea has been identified as a pilot area.

6. Biological effects methods have to be included in the WGIAB, SSGRSP,
monitoring and assessment toolbox to support (a) the Marine OSPAR/SGIMC, HELCOM
Strategy Framework Directive and (b) the HELCOM Holistic MONAS, WGBEC, WGDPMO

Assessment of the Baltic Marine Environment, thus to comply
with BSAP.
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Annex 5: A proposal of indicators on hazardous substances and biological effects (including fish diseases and parasites).

Annex 14: Revised table of indicators on Hazardous Substances and Biological Effects (incl. disease and
parasites)

Revised by the SGEH Sub-group on Hazardoes Subscances (K. Lehtonen, I. Lang (co-chairs). J. Barsiené, B. Hedlund, G. Rodjulk, D. Schiedek andJ. Strand)

Applicability of the indicafors: For an evaluation of the applicability of the indicators for monitoring and assessment purposes, the following scoring system was applied n

the tables:
Indicator diagnosis: 1: directly applicable
2: more validation needed
Indicator Assessment Criteria: scores 1-3, the igher the number the better does the indicator meet the criteria optimum

Table A. Hazardous Substances

INDICATOR ASSESSMENT CRITERIA
£ - Z 3
= - = | 2 - =
= o= == = =" Tz =
INDICATOR INDICATOR 2= =] 52 2 = | =k == T REMARKS
DracNosIs cSE|lzz5| 2k B g EE | 22| 22
= 2 = = = = = - = X = s =
=2 | 24 | ZE (v | B | B2 EF
- i = d —— 2
S| FTEE| 3|7 |2 |
Hg, Cu, Cd, Pb, Zn, DDT and metabolites, CBs, HCE, a- *depends on substance
HCH. g-HCH, PAH***, organotin compounds, dioxins and
furans, bronunated flame retardants, PFAS, in biota | s R R - ; ; A **depends on substance and concentration
] 5 5 5 == - .
) {incl. mman consumption)
Data source: national, ICES, HELCOM
% only in bivalves
Radioactive substances (g-emitters K-40 and Cs-137; Sr-00. *depends on concentration
Te-99, Pu-239/240, Am-241 natural radionuclides) in biota ~ ~ . ~ _
1 3 5 5 4 5 5 *5
Data source: national, HELCOM
Hg. Cu, Cd. Pb, Zn, DDT and metabolites, PCBs (IUPAC), |1 4 5 5 4 5 5 *4 *depends on concentration
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INDICATOR ASSESSMENT CRITERLL

INDICATOR INDICATOR REMARKS

DrAGNOSIS

VAT A AVAILABILITY/
SOURCE
REGIONALLY
RESPONSIVE
UNAMBIGUOULLY
INTERPRETABLE
SIMPLE
QUANTIFICATION
INDEX PERIOD
STABILITY
LOW YEAR-TO-YEAR
VARIATION
ENVIRONMENT AL
IMPACT

HCB, a-HCH, g-HCH, PAH. organotin compounds in
sediments

Data source: national, ICES, HELCOM

Radioactive substances (Sr-90, Pu-239/240, Am-241, natural *depends on concentration
radionuclides) in sediments

—
"]
A
i
e
A
A
¥
[

Data source: national. HEL.COM

Table B. Bioassays

INDICATOR ASSESSMENT CRITERIA
z - o ;
= <) = E = =" ol =
INDICATOR INDICATOR S=| e |l g | == 2| 2| &F REMARKS
DIAGX0SIS SE2| zZ |28 |E2|ES | == | EZ
2| 2E | g2 | 22| =2 =2 | 2%
zF 2 8 =E | v 2| Eg £3 -
.-l|‘ =4 -1 - k o] Z : - -
F ze | 2 2 | &
Acute Sediment Toxicity A variety of techniques is available that has
1 2 5 5 4 5 5 5 been validated and can be applied depending
Data source: national on the objectives
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Table C. Biological Effects

Description of the structure af Table C on Biological Effects: In this table, the “Parameters™ (measurements) used ave categorized under three biological response levels (column “Effects Level™) that have
further been divided into five “Indicators™, representing different levels of ecological relevance, In the assessment, each indicator has to be represented by at least one parameter (preferably more) from the
respective indicator group.

Since all the parameters in each indicator group have been selected to be good representatives of an effect observed at the response level in question, it is suggested that the choice of the parameter is free.
This facilitates the required inclusion of parameter(s) from each indicator group in the assessment by diminishing problems related to matters such as lack of technical capacity and local species
availability. However, the choice of parameters should be based on the objectives of the monitoring and assessment and on the environmental problems encountered. For instance, the different parameters
of the indicator “Contaminant-specific biomarkers” are able to detect only effects of certain groups of contaminants. To give examples: if there are environmental problems related to metals, the
parameters selected under this indicator should e.g. be metallothioneins (MT) or delta-aminolevulinic acid dehydratase (ALA-D) and if there are problems related to organic contaminants affecting the
enzymatic detoxification system the measurement of e.g. ethoxyresorufin-O-deethylase (EROD) or glutathione-S-transferase (GST) is recommended.

It is also possible to include “new™ parameters to each indicator group provided that their relevance and suitability has been adequately demonstrated. Furthermore, the approach enables the possibility to
focus on problems at regional level and the continuation of long-term data series if considered feasible.

For the large-scale assessment of the Baltic Sea, synthetic indices enabling comparisons between each indicator have to be developed if different parameters are used to describe each indicator.

INDICATOR ASSESSMENT CRITERIA
B Fa E =]
= = g
= ; = = =] = = -
.| 22| 28 El S| 25| E.
EFFECTS LEVEL INDICATOR PARAMETER PARAMETER Iz | ZZ | zE| 2| E5 | sE| EE REMARKS
DIAGNOSIS SE| 82| 2g|EE| S8 | v5| 8¢E
ZR|Cy | E | FE|E2 | 42| EE
= - = = = & I - =
z == ZF z |z =" | 2
= Eha =5 2 &
= —
Molecular, “(General/non-specific Lysosomal stability 1 *Depends on
biochenucal, stress” biomarkers Micronuclei frequency 1 parameter
physiclogical level AChE 1 2 5 3 4 *3 3 +3
“early-warning” o
giom‘i’kers = Macrophage activity 2
) Data source: national Omydative stress enzymes 2
“Contaminant-specific” EROD 1 *Depends on
biomarkers PAH metabolites in bile 1 parameter
DNA adducts 1
ALA-D 1 =3 5 4 *4 *3 *3 *3
VTG 1
GST 2
Data source: national MT 2
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INDICATOR ASSESSMENT CRITERIA
= -
E : ol g & =
EFFECTS LEVEL INDICATOR PARAMETER PARAMETER Ik =4 = E 2 = =< REMARKS
NS = = = e = = z =
DracxosIs :’:-E; fg 2 £ EE :é EE
7|22 ZE |7 2 2| £
= == =4 3] &
Indrvidual and Health effect Externally visible 1 *Depends on
population level diseases/parasites in fish; parameter
Pathology (lustopathology: fish | { for
liver, bivalve soft body. fish'bivalves, 2 | =4 *3 4 =3 3 4 4 ** Details to be
pathology: seal intestinal for seals elaborated by the
. tract™= | / g
Data source: national, ) HELCOM seal expert
ICES gtovp
Reproductive disorders Imposex/intersex in gastropods |1 *Depends on
Reproductive success in 1 parameter
Monoporeia affinis
Reproductive success in eelpout | |
Gonad histopathology (fish and
shellfish) 1
Shell thickness of guillemot
eggs . 1 =3 *4 5 =3 5 4 5
Breeding success/brood size of
white-tailed eagle 1
Histopathology in seal
T b
eproductive g™  Detais o be
productive success 1 seals elaborated by the
Data source: national, 2 HELCOM seal expert
HELCOM () group
Population and Quantitative Biodiversity mdices (phyto- and |1 *Depends on
community level population/community zooplankton, benthos, fish, parameter
change mammals and birds
= ) =4 *4 3 =3 *3 *3 =3
Data source: national, Abundance and biomass 2
ICES, HELCOM (7)
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1)

2)

3)

4)

5)

6)

7)

8)

9)

Biological diversity is maintained. The quality and occurrence of habitats
and the distribution and abundance of species are in line with prevailing
physiographic, geographic and climatic conditions.

Non-indigenous species introduced by human activities are at levels that
do not adversely alter the ecosystems.

Populations of all commercially exploited fish and shellfish are within safe
biological limits, exhibiting a population age and size distribution that is
indicative of a healthy stock.

All elements of the marine food webs, to the extent that they are known,
occur at normal abundance and diversity and levels capable of ensuring
the long-term abundance of the species and the retention of their full re-
productive capacity.

Human-induced eutrophication is minimised, especially adverse effects
thereof, such as losses in biodiversity, ecosystem degradation, harmful al-
gae blooms and oxygen deficiency in bottom waters.

Sea-floor integrity is at a level that ensures that the structure and functions
of the ecosystems are safeguarded and benthic ecosystems, in particular,
are not adversely affected.

Permanent alteration of hydrographical conditions does not adversely af-
fect marine ecosystems.

Concentrations of contaminants are at levels not giving rise to pollution ef-
fects.

Contaminants in fish and other seafood for human consumption do not
exceed levels established by Community legislation or other relevant stan-
dards.

10 ) Properties and quantities of marine litter do not cause harm to the coastal

and marine environment.

11 ) Introduction of energy, including underwater noise, is at levels that do not

adversely affect the marine environment.
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Annex 7: Initial structure (2009/2010) of the work for the MSFD.
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Maritime policy.
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...| Oth | t
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