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Descriptor 5 - Eutrophication   

Joao G. Ferreira – New University of Lisbon 
(with thanks to the whole TG5 team) 

4th-5th September 2013 
Rome 

Workshop on  

research needs with regard to the pressures 

and their impacts on marine ecosystems 

 

Review of knowledge gaps and research needs 

for pressures and impacts under the MSFD 

Knowledge gaps exist in both the boxes and the arrows of DPSIR 

• List knowledge gaps using a standard template 

 

• Identify research needs 

The brief 

Current interpretation of DPSIR 

• Pressures may be anthropogenic or not 

 

• Impacts means societal impacts, not ecological ones 

Drivers 
 Agriculture – loss of fertilizer, etc 

 Urban and industrial discharges 

 Aquaculture 

 Atmospheric deposition 

 Internal (secondary) sources (e.g. P from sediments) 
 Advection from offshore (e.g. N and P, certain types of HAB) 

Response 
 Fertilizer reduction 

 WWTP (sewage, industry) 

 Emmission controls 

 Sediment dredging etc 

 Time... 
 Interdiction (e.g. HAB events) 

Pressure 
 N and P loading to the 

coastal system 

 HAB phytoplankton 

“loading” from offshore 

State 
 Primary symptoms 

 Decreased light availability 

 Increased organic decomposition 

 Algal dominance changes 

 Secondary symptoms 

 Loss of SAV 

 Low dissolved oxygen 

 Harmful algae 

Eutrophication and DPSIR 

Impact 
 Fisheries 

 Aquaculture 

 Tourism 

 Non-use value 

The Peter Pan syndrome 

Duarte et al., 2007. Estuaries and Coasts 
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Knowledge gaps – D5.1 
Relative importance of natural and anthropogenic pressures 

EU-scale model, coupled e.g. with the JRC work, is a priority.  

Link with other 

Descriptors 

Yes/No 

Time for expected 

results 

See below 

Description including context for use of results                                                                                                                                                                             

Item ref: D5 – 1 

Yes, D1, D3, D4, D6 

S 

short 

M medium 

L longer 

term Natural background nutrient enrichment compared to human-related sources 

Further qualifications 

1. Reference 

2. Geographic specificity (applicable to subregion, region, EU to world-

wide) 

3. Financing and network options (national, subregional (JPI Oceans), 

EU, …) 

4. D-P-S-I-R  

5. Likelihood of success (eg. conditions for progress of research, 

expected potential of research fulfi l l ing policy need) 

6. other (e.g. approximate cost of addressing research question) 

PRIORITIZATION 

Potential criteria why action by at EU lev el is appropriate  

a. Acute data-gap that precludes societal/economic development on a 

wider scale; 

b. Knowledge is generic (e.g. dose-response relationship), can be used 

by many parties/member states and responsibil ity should not be with 

single member state; 

c. Maturity of subject (eg. generic and essential knowledge need but 

usability at the short term by (individual) member state unlikely);  

General criteria for prioritizing research 

a. Related to MSFD deadline; 

b. Other considerations:  

a. severity of impact on ecosystem  

b. Impact on ecosystem uncertain > precautionary 

approach 

c. Urgent because of lack of data  

d. Legislative push 

e. Societal/political considerations 

f. …. 

 

1. TG5 report (Marine Strategy Framework Directive – Task Group 5 Eutrophication, 2010; 
available at http://ec.europa.eu/environment/marine/pdf/5-Task-Group-5.pdf) 

2. Applicable from EU to worldwide 

3. Potential co-operation with US agencies such as NOAA, EPA, NASA 

4. DPSIR 

5. Natural variability makes this difficult to assess, for both kinds of sources. This is particularly 
the case for natural enrichment, but also for the diffuse component of anthropogenic inputs 

6. At the EU scale, JRC work can be used, but models are important to assess land use 
changes, and also to simulate natural inputs 

Prioritization: 

a. No 

b. Yes 

c. Measurement and assessment is mature for some parts of the work, and much has 
been done sectorially, particularly re: point source inputs 

d. Yes 

e. b, c 

Comments including: 

- Whether relevant research is already on-going (and where) 

- Other 

JRC work from 2011, lots of national work using e.g. models such as SWAT, RIVERSTRAHLER, 
etc., satellite remote sensing e.g. for currents and sea surface temperatures, etc.  

Relevant for determination of unimpacted state, and distinction between naturally productive 
status and anthropogenically eutrophic status for identification of what can and cannot be 
managed 

 
S - 1-3 years. Rationale: commissioned directed test, review, development, report; use for the 2017 work in OSPAR.  
M - Medium term - 3-5 years. Rationale: typical duration of a national or EU research project/programme. 
L – Long-term - 5+ years. Rationale: long term research agenda that will need continous development, e.g. analysis of harm, improved analytical (practical and theoretical) 
methods, development of new monitoring programmes, research relating to measures/policies. 

Human influence and uncertainty 

Understanding 

Oil spill 

Phytoplankton 
biodiversity 
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Elevated nutrients 

HAB 
Type 2 

HAB 
Type 1 

Harmful algal blooms (HAB) 
of various types  

Some issues are easier to link to human pressure, and to understand. 

Variability in phytoplankton maxima 

Challenges in relating pressure to state in two coastal systems.  

Rice & Stewart, 2013. Est. Coast Shelf Sci. 
128, 64-75 Long island Sound  

Month 

Ye
ar

 

Nixon, 2009. Hydrobiologia, DOI 10.1007/s10750-
009-9759-z Narragansett Bay  
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Knowledge gaps – D5.2 
Rapid phytoplankton species identification, including HAB 

For a huge spatial domain, rapid and reliable methods are key. 

Link with other 

Descriptors 

Yes/No 

Time for expected results 

See below 
Description including context for use of results                                                                                                                                                                             

Item ref: D5 – 1 

Yes, D1, D3, D4, D6 

S 

short 

M medium 

L longer 

term Rapid phytoplankton species identification, origin, early detection, and prediction of harmful 
algae (HAB)  

Further qualifications 

1. Reference 

2. Geographic specificity (applicable to subregion, region, EU to world-

wide) 

3. Financing and network options (national, subregional (JPI Oceans), 

EU, …) 

4. D-P-S-I-R  

5. Likelihood of success (eg. conditions for progress of research, 

expected potential of research fulfi l l ing policy need) 

6. other (e.g. approximate cost of addressing research question) 

PRIORITIZATION 

Potential criteria why action by at EU lev el is appropriate  

a. Acute data-gap that precludes societal/economic development on a 

wider scale; 

b. Knowledge is generic (e.g. dose-response relationship), can be used 

by many parties/member states and responsibil ity should not be with 

single member state; 

c. Maturity of subject (eg. generic and essential knowledge need but 

usability at the short term by (individual) member state unlikely);  

General criteria for prioritizing research 

a. Related to MSFD deadline; 

b. Other considerations:  

a. severity of impact on ecosystem  

b. Impact on ecosystem uncertain > precautionary 

approach 

c. Urgent because of lack of data 

d. Legislative push 

e. Societal/political considerations 

f. …. 

 

1. TG5 report (Marine Strategy Framework Directive – Task Group 5 Eutrophication, 2010; 
available at http://ec.europa.eu/environment/marine/pdf/5-Task-Group-5.pdf) 

2. Applicable from EU to worldwide 

3. Potential co-operation with agencies worldwide, including China, Japan, and the US 

4. DPSI  

5. Potentially slow progress in some areas, particularly rapid species identification by means 
of remote sensing, genetic probes etc. Prediction of HAB depends on species and 
environment, and better understanding of the underlying physics and biology of harmful 
algal blooms. 

6. Substantial research risks, costs are high but difficult to estimate, particularly re: return 
on investment 

Prioritization: 

a. No 

b. Yes 

c. Subject is not mature, substantial knowledge needs both in science and technology 

d. Yes with respect to status assessment, many social implications e.g. with respect to 
the development of offshore aquaculture, including aspects such as potential co-use of 
wind farms 

e. a, c, f 
Comments including: 

- Whether relevant research is already on-going (and where) 

- Other 

Yes, see e.g. http://www.scotland.gov.uk/Uploads/Documents/Phytotox.pdf 

http://www.ecy.wa.gov/programs/eap/mar_wat/eops/EOPS_2013_08_21.pdf 

http://www.nwfsc.noaa.gov/news/pressroom/esp.cfm 

This is a research area of substantial importance across European seas, particularly 
considering the diverse nature of these 

http://www.scotland.gov.uk/Uploads/Documents/Phytotox.pdf
http://www.ecy.wa.gov/programs/eap/mar_wat/eops/EOPS_2013_08_21.pdf
http://www.nwfsc.noaa.gov/news/pressroom/esp.cfm
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Examples of research in rapid detection 

The combined developments in robotics, molecular methods, and 

communication will revolutionize this field over the next decade. 

DNA probe makes it easy 
to distinguish Alexandrium 
tamarense (green) from A. 
ostenfeldii  

Fisheries Research 
Services, Scotland 

Dept Ecology, WA, USA 

Eyes over Puget Sound 
provides near realtime 
data on algal blooms, 
debris, etc 

Environmental sample processor (ESP) 
extracts DNA from water samples and 
detects e.g. Alexandrium, Dinophysis, 
Pseudo-nitzschia, and Vibrio 
parahaemolyticus 

https://www.youtube.com/watch?v=zqNLiKy8nl8 

Monterey Bay Aquarium and 
NOAA Fisheries, USA 

Knowledge gaps – D5.3 
Economic impacts of eutrophication 

A full analysis is indispensable, including impacts of change scenarios. 

Link with other 

Descriptors 

Yes/No 

Time for expected 

results 

See below 

Description including context for use of results                                                                                                                                                                             

Item ref: D5 – 1 

Yes, D1, D3, D4, D6 

S 

short 

M medium 

L longer 

term Economic impacts of eutrophication, including economic impacts of eutrophication reduction – 
full analysis including costs to agriculture and benefits to water quality 

Further qualifications 

1. Reference 

2. Geographic specificity (applicable to subregion, region, EU to world-

wide) 

3. Financing and network options (national, subregional (JPI Oceans), 

EU, …) 

4. D-P-S-I-R  

5. Likelihood of success (eg. conditions for progress of research, 

expected potential of research fulfi l l ing policy need) 

6. other (e.g. approximate cost of addressing research question) 

PRIORITIZATION 

Potential criteria why action by at EU lev el is appropriate  

a. Acute data-gap that precludes societal/economic development on a 

wider scale; 

b. Knowledge is generic (e.g. dose-response relationship), can be used 

by many parties/member states and responsibil ity should not be with 

single member state; 

c. Maturity of subject (eg. generic and essential knowledge need but 

usability at the short term by (individual) member state unlikely); 

General criteria for prioritizing research 

a. Related to MSFD deadline; 

b. Other considerations:  

a. severity of impact on ecosystem  

b. Impact on ecosystem uncertain > precautionary 

approach 

c. Urgent because of lack of data 

d. Legislative push 

e. Societal/political considerations 

f. …. 

 

1. TG5 report (Marine Strategy Framework Directive – Task Group 5 Eutrophication, 2010; 
available at http://ec.europa.eu/environment/marine/pdf/5-Task-Group-5.pdf) 

2. Directly applicable to EU, but approach valuable worldwide 

3. EU and national agencies 

4. DPSIR 

5. High likelihood 

6. Some results can be available reasonably quickly, models such as MIRO have been applied in 
this context to the southern North Sea 

Prioritization: 

a. Yes 

b. Yes 

c. Partly mature, most of the economic techniques are well established, biological thresholds 
for impairment need more scientific research 

d. Yes, particularly in the present economic climate 

e. d, e 

Comments including: 

- Whether relevant research is already on-going (and where) 

- Other 

Not much work has been done on this, to my knowledge. There is some work on e.g. the effect 

of eutrophication on bass recreational fisheries in US estuaries (e.g. Lipton & co-workers) but 
much remains to be done. The costs to agriculture of reducing discharge to coastal areas, and 
the social consequences of this are an example 

REServ project for Long Island Sound, USA 
Top-down control of shellfish aquaculture on phytoplankton 

(chlorophyll in mg L-1) 

Box with shellfish beds 

Box nearby without shellfish beds is also influenced 

Top-down control as a complementary measure should be considered, e.g. in the 

context of offshore aquaculture. 

Knowledge gaps – D5.4 
Effect of eutrophication on other descriptors, overall weighting 

The second question has been largely ignored, but is critical. 

Link with other 

Descriptors 

Yes/No 

Time for expected results 

See below 
Description including context for use of results                                                                                                                                                                             

Item ref: D5 – 1 

Yes, D1, D3, D4, D6 

S 

short 

M medium 

L longer 

term Effect of eutrophication on other descriptors, contribution of eutrophication to overall 
descriptor weighting 

Further qualifications 

1. Reference 

2. Geographic specificity (applicable to subregion, region, EU to world-

wide) 

3. Financing and network options (national, subregional (JPI Oceans), EU, 

…) 

4. D-P-S-I-R  

5. Likelihood of success (eg. conditions for progress of research, 

expected potential of research fulfi l l ing policy need) 

6. other (e.g. approximate cost of addressing research question) 

PRIORITIZATION 

Potential criteria why action by at EU lev el is appropriate  

a. Acute data-gap that precludes societal/economic development on a 

wider scale; 

b. Knowledge is generic (e.g. dose-response relationship), can be used by 

many parties/member states and responsibil ity should not be with 

single member state; 

c. Maturity of subject (eg. generic and essential knowledge need but 

usability at the short term by (individual) member state unlikely);  

General criteria for prioritizing research 

a. Related to MSFD deadline; 

b. Other considerations:  

a. severity of impact on ecosystem  

b. Impact on ecosystem uncertain > precautionary 

approach 

c. Urgent because of lack of data 

d. Legislative push 

e. Societal/political considerations 

f. …. 

 

1. TG5 report (Marine Strategy Framework Directive – Task Group 5 Eutrophication, 2010; 
available at http://ec.europa.eu/environment/marine/pdf/5-Task-Group-5.pdf) 

2. Applicable to the EU directly, methodology relevant worldwide 

3. Potential co-operation with EU national bodies engaged in work on indices, US agencies 
such as NOAA 

4. S 

5. Good possibilities for success 

6. Within the range of EU research projects 

Prioritization: 

a. Yes 

b. Yes 

c. Needs formulation and testing of different conceptual frameworks  

d. Yes 

e. b, c, d 

Comments including: 

- Whether relevant research is already on-going (and where) 

- Other 

The TG5 report was the only MSFD guidance report to address this subject, which has been 
largely overlooked in the discussions of GEnS. The EU DEVOTES project is one example of 
how this discussion needs to evolve and mature, the link below is a contribution to that 
discussion. 

http://fojo.org/papers/devotes/borja%20et%20al.%20MPB-Gens.pdf 

This is an overarching theme that extends well beyond Descriptor 5 

http://fojo.org/papers/devotes/borja et al. MPB-Gens.pdf
http://fojo.org/papers/devotes/borja et al. MPB-Gens.pdf
http://fojo.org/papers/devotes/borja et al. MPB-Gens.pdf


09/09/2013 

4 

Use of D5 as an entry point to other descriptors 

A similar analysis can be developed for other MSFD descriptors 

TG5 - Eutrophication TG1 - Biodiversity

Nutrient pressures

Direct effects (e.g. 

organic 

enrichment)

Indirect effects (e.g. 

low dissolved oxygen, 

HAB)
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TG5 - Eutrophication TG1 - Biodiversity

Nutrient pressures

Direct effects (e.g. 
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Indirect effects (e.g. 
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How do we combine descriptors for GEnS? 

TG5 is the only guidance document that discusses this issue.  

Combining descriptors for GEnS 

Borja et al., 2013. Good Environmental Status of marine ecosystems: What is it and 

how do we know when we have attained it? Map. Pol. Bull., Accepted. 

Option Decision rule Data requirements 

Either: 

1. fulfilling all the indicators in all the descriptors 

All indicators are met 

irrespective of weighting 

(OOAO) 

Data needed for all aspects on regional 

seas scale 

Or: 

2.fulfilling the indicators in all descriptors but as a weighted list 

according to the hierarchy of the descriptors 

Agreeing the weighting Data needed for all aspects on regional 

seas scale 

Or: 

3.fulfilling the indicators just for the biodiversity descriptor and 

making sure these encompass all other quality changes 

All biodiversity indicators 

are met irrespective of 

weighting 

Data needed for all components of 

biodiversity 

Or: 

4.create a synthesis indicator which takes the view that 'GEnS is 

the ability of an area to support ecosystem services, produce 

societal benefits and still maintain and protect the conservation 

features'  

Integration of the 

information from different 

descriptors and indicators, 

and evaluation of the 

overall benefits 

Data needed for the indicators included in 

that synthesis indicator, valuation of the 

ecosystem services and benefits 

Or: 

5.have a check-list (ticking boxes) of all the aspects needed  

then if an area has e.g. 

more than 60% of the 

boxes ticked then it is in 

GEnS 

An expert judgement approach, based on 

‘probability of evidence’ 

Or: 

6.have a summary diagram such as a spiders-web diagram showing 

the 'shape of GEnS according to several headline indicators’ 

The shape of the diagram 

Or: 

7.not reporting the environmental status but only the list of 

pressures (i.e. on the premise that if an area has no obvious 

pressures then any changes in the area must be due to natural 

changes which are outside the control of management) 

No pressures in an area 

sufficient to cause adverse 

effects 

Quantitative maps of pressures 

Or: 

8.a combination of all/some of these when there are insufficient 

data in some areas or for some descriptors or indicators 

Combination of pressures and descriptors 

data 

Synthesis of research needs 

The research needs are a reflection of knowledge gaps. 

Type Research need Importance for the 
MSFD 

Why address at 
EU level 

1(P) Separate and quantify point and 
diffuse pressures (sources) 

Source control (drivers) 
and costs 

Basin-scale, 
transboundary 

2(P) Distinguish natural pressures e.g. 
HAB in upwelling relaxation areas 

Accurate status 
assessment (state), 
appropriate measures 
(response) 

Not Member-
State specific 

3(PI) Link between pressure and impact 
(this is cross-cutting for various 
descriptors) (the 60 million euro 
question, and that’s probably what it 
costs) 

For improved models 
(see presentation for 
Meeting 1) 

Aim for generality 
in the EU domain 

4(I) Economic and social costs/benefits 
(impact) of eutrophication, and of 
reducing it 

Ecosystem services 
assessment (impact) 

Needs a regional 
approach, and 
decadal time 
window 

5(IR) Scale the importance of 
eutrophication with respect to other 
descriptors, evaluate its contribution 
to overall MSFD   

For combinatorial 
approach to 
classification 

Only makes sense 
in a Europe-wide 
context 
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• DPSIR is a useful framework conceptually, but hard to apply 
in quantitative terms. Partly, this is due to lack of 
understanding about what the arrows mean, i.e. the non-
linearity of the box connections. 

• We lack a paradigm for aspects such as algal biodiversity 
and HAB; numerical models are useful but severely 
constrained 

• Recovery is non-linear, potentially slow, and not necessarily 
guaranteed. This works against voter expectations 

• Implications on the social costs of load reduction (e.g. in 
agriculture), compared to perceived benefits 

Slides available at ecowin.org/stages 

Final thoughts 


