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The objective of this assessment report 
is to describe and document the effects 
and degree of nutrient enrichment and 
eutrophication status in all Danish ma-
rine waters by addressing the follow-
ing questions: 
• What is nutrient enrichment and 

eutrophication?
• What are the causes and actual 

effects?
• Temporal trends: what is natural 

variation and what is due to hu-
man activities?

• What has been done so far in Den-
mark to reduce eutrophication in 
Danish marine waters?

• How can the fi ndings be used and 
transformed into an informed   
management strategy?

The assessment is written in order to 
fulfi l the Danish obligations in relation 
to the OSPAR Common Procedure. How-
ever, the assessment covers not only 
the OSPAR areas: the North Sea, Ska-
gerrak and Kattegat, but all Danish 
marine waters, including the transi-
tional waters (the Sound and Belt Sea) 
between the Kattegat and the Baltic 
Sea, as well as the western parts of the 
Baltic Sea. This is because: 
1) the outfl ow from the Baltic Sea has 

a large infl uence on the Kattegat – 
Belt Sea ecosystems, and 

2) the eutrophic state and develop-
ment of the Kattegat and Belt Sea 
runs in parallel and is interrelated.

 

PREFACE

The assessment focuses on factors and 
parameters that cause, control or re-
spond to eutrophication. Special atten-
tion is put on ecological status and 
temporal trends. Seasonal variations 
and more system-orientated descrip-
tions of the fluxes and turnover of 
nutrients have been mitigated. The 
assessment is not a comprehensive 
assessment of the health of the marine 
environment in Denmark or a text-
book in marine ecology. The assess-
ment is more or less an extended sum-
mary of more than 13 years of moni-
toring and subsequent production of 
different assessments reports on the 
state of the marine environment within 
the framework of the Danish National 
Monitoring and Assessment Pro-
gramme (1988-2003).
 
CHAPTER 1 
presents background information, de-
fi nitions and descriptions of the cause-
effect relationships as well as a brief 
reference to the Danish National Moni-
toring and Assessment Programme, 
which is the major source of data for 
this assessment.
 
CHAPTER 2 
includes the technical and scientifi c 
assessment of the eutrophication 
status of the Danish marine waters 
and is structured according to the 
principles and guidelines adopted by 
OSPAR. Focus is on the state of the 
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marine waters compared to the eco-
logical quality objectives. The tempo-
ral trend is also addressed, both with 
respect to the observed data and in-
dices corrected for variations in cli-
mate (run-off, temperature, insola-
tion etc.).
 
CHAPTER 3 
describes existing national strategies 
and measures implemented to abate 
nutrient enrichment and eutrophica-
tion.
 
CHAPTER 4 
summarises the fi ndings of sections 1, 
2 and 3, assesses the overall eutrophi-
cation status of the Danish marine 

waters and discusses possible future 
actions.

The assessment includes a glossary 
and a list of acronyms in order to reach 
readers without a professional back-
ground in marine ecology or oceano-
graphy. 

Suggestions for further reading as 
well as links to relevant web-sites on 
eutrophication and the health of the 
marine environment can be found at 
the end of the report.

A map of Danish marine waters men-
tioned in the assessment can be found 
at page 122.                                          
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1All people in 

Denmark have 

less than 55 km 

to the sea.

BACKGROUND, 
DEFINITION, 
CAUSES
AND EFFECTS

For more than 30 years, nutrient en-
richment has been one of the major 
threats to the health of marine ecosys-
tems and resources (Ryther & Dunstan 
1971, Danish EPA 1984, Nixon 1995, 
Elmgren 2001). When nutrients are 

discharged or transported to the sea 
their inherent characteristics as plant 
nutrients affect and modify the struc-
ture and function of the ecosystem. The 
response to nutrient enrichment is 
called eutrophication.                          
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BOX 1  Defi nition of eutrophication

Eutrophication is the enhanced inputs of nutrients and organic matter leading to changes in primary pro-
duction, biological structure and turnover and resulting in a higher trophic state. The causative factors are: 
elevated inputs of nutrients from land, atmosphere or adjacent seas, elevated winter DIN- and DIP concen-
trations, and increased winter N/P-ratios compared to the Redfi eld Ratio. In the case of marine waters, the 
primary or direct effects include: increased primary production, elevated levels of biomass and chlorophyll 
a concentrations, shift in species composition of phytoplankton, and shift from long lived macroalgae to 
short lived nuisance species. The secondary or indirect effects include increased or lowered oxygen concen-
trations, and changes in species composition and biomass of zoobenthos. Low oxygen concentrations in 
the bottom water (oxygen depletion, hypoxia) can further affect the fi sh, benthic invertebrates and plants. 
Total oxygen depletion (anoxia) can result in the release of hydrogen sulphide from the sediment, causing 
extensive death of organisms associated with the sea fl oor. As only a few species can survive these extreme 
conditions, and as it takes time for plants and animals to recolonise damaged areas, eutrophication can 
result in impoverished biological communities and impaired conditions.

There is no single and globally accep-
ted defi nition of marine eutrophica-
tion. The word “eutrophication” has its 
roots in Greek where “eu” means “well” 
and “trope” means “nourishment”.
 Nixon (1995) defi nes marine eu-
trophication as “an increase in the 
supply of organic matter”. The supply 
is not restricted to pelagic primary 
production, but also includes bacterial 
production, primary production of 
submerged aquatic vegetation, inputs 
of organic matter from land via rivers 
and point sources as well as the net 
advection from adjacent waters. The 
advantage of this defi nition is that it is 
short, simple and does not confuse 
causes and effects. The limitations of 
the defi nition are 2 fold. It does not take 
structural or qualitative changes due to 

DEFINITION1.1

nutrient enrichment into account, and 
it is diffi cult to make fully operational 
since the majority of existing marine 
monitoring programmes seldom in-
clude all the variables needed to esti-
mate the total supply of organic matter 
to a given body of water.
 Gray (1992) focuses on the direct 
effects of nutrient enrichment on pro-
ductivity, the secondary effects where 
the produced organic material is not 
consumed by grazers, and the ex-
treme and ultimate effects, which in-
cludes the growth of macroalgae, oxy-
gen depletion and mortality of spe-
cies. Richardson & Jørgensen (1996) 
focus both on the process, the associ-
ated effects of nutrient enrichment 
and natural versus cultural caused 
eutrophication. Prudently, Richardson 

& Jørgensen point out that when we 
speak of eutrophication it is cultural 
eutrophication or that, which is caused 
by anthropogenic activities, which is 
of interest.
 The defi nition of eutrophication by 
OSPAR is: “Eutrophication means the 
enrichment of water by nutrients caus-
ing an accelerated growth of algae and 
higher form of plant life to produce an 
undesirable disturbance to the balance 
of organisms present in the water and 
to the quality of the water concerned, 
and therefore refers to the undesirable 
effects resulting from anthropogenic 
enrichment by nutrients” (OSPAR 
1998). A number of EU Directives also 
defi nes eutrophication. In the Urban 
Wastewater Treatment Directive eu-
trophication means: “The enrichment 
of water by nutrients, especially com-
pounds of nitrogen and/or phospho-
rus, causing an accelerated growth of 
algae and higher forms of plant life to 
produce an undesirable disturbance to 
the balance of organisms present in the 

water and to the quality of the water 
concerned” (EU 1991). The Nitrates 
Directives defi nition is almost identi-
cal, except that it is restricted to eutro-
phication from agriculture (EU 1991).
 The differences between the vari-
ous definitions leave the definition 
open for interpretation. However, this 
is not critical, as long as there is a 
common understanding of the effects 
and agreement upon the acceptable 
levels of deviations from a healthy 
marine environment. Eutrophication 
should be seen both as a process and 
as a continuum, since the background 
values may vary from area to area due 
to natural causes. For example, the 
productivity in the open Baltic Sea is 
relatively low compared to the south-
ern and eastern parts of the North Sea. 
Therefore, when speaking of eutrophi-
cation, both the initial process and 
direct effects (sensu Nixon) and the 
derived primary and secondary 
effects should be taken into account, 
cf. box 1.                                                 
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CAUSES1.2

The essential nutrients causing eutro-
phication are nitrogen in the form of 
nitrate or ammonium and phospho-
rus in the form of phosphate. In addi-
tion, inputs of bio available organic 
phosphorus and nitrogen can cause 
eutrophication, as bacteria can miner-
alise the organic phosphorus to phos-
phate and the organic nitrogen to 
ammonium, which is further oxidised 
to nitrite and nitrate. 
 Marine waters receive dissolved 
and particulate nutrients and organic 
matter from land via rivers and direct 
discharges, from the atmosphere and 
from adjacent seas (see Figure 1.1). In 
Denmark the most important direct 
sources are: 

1) agriculture, 
2) discharges from urban wastewater 

treatment plants, and 
3) separate discharges from indus-

tries, 
the first being the most important 
diffuse source. Discharges from point 
sources, losses from agricul ture and 
atmospheric deposition are monito red 
as an integrated part of the National 
Aquatic Monito ring and Assessment 
Programme and repor ted annually 
(Conley et al. 2002).
 The inputs from adjacent seas are 
also monitored within the national mo-
nitoring programme. There are three 
major avenues of advective transport 
of nutrients that must also be consid-
ered: 

Figure 1.1

The nitrogen cycle in 

the aquatic environ-

ment. All relevant 

sources are shown. 

The major difference 

between the nitrogen 

and phosphorus cycles 

is that phosphorus is 

not emitted to the air 

and that there conse-

quently is no anthropo-

genic deposition. The 

main anthropogenic 

sources of organic 

matter are discharges 

from wastewater treat-

ment plants and indu-

stries as well as losses 

from aquaculture. From 

Danish EPA (2000).

1) Inputs from the German Bight to 
the waters along the west coast of 
Jutland.

2) Inputs of inorganic nutrients from 
Skagerrak to the Kattegat bottom 
water.

3) Inputs of surface waters from the 
Baltic Sea to the Danish Straits and 
Kattegat. 

All three sources have infl uence on the 
marine environment by supplying 
additional nutrients. The waters from 
the German Bight and the Baltic Sea 

have already received high inputs of 
nutrients. The input from the Baltic 
Sea differs from the two fi rsts be cause 
it actually dilutes bioavailable nitro-
gen concentrations in the Danish 
Straits and the Kattegat. The median 
winter surface concentrations of ni-
trate (1986–1993) in the water from the 
Baltic is 4.6 µM compared to the me-
dian con centrations in the waters in 
the Danish Straits and Kattegat, which 
are 7.3 (6.5–8.8) µM and 7.4 (6.0–9.7) 
µM, respectively.                                 

Liquid manure 

spread on fi eld 

in February.
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EFFECTS 
AND CONSEQUENCES

1.3

Overloading with nitrogen, phospho-
rus and organic matter can result in a 
series of undesirable effects. The ma-
jor impacts of eutrophication include 
changes in the structure and function-
ing of marine ecosystems and reduc-
tion of biodiversity.

NUTRIENT CONCENTRATIONS 
Eutrophication as nutrient enrichment 
means elevated and/or increased 
trends in inputs of nutrients from land, 
atmosphere or adjacent seas. And 
consequently elevated dissolved inor-
ganic nitrogen (DIN) and dissolved 
inorganic phosphorus (DIP) concentra-
tions during winter. 

CHANGES IN N:P:SI RATIO
The optimal DIN:DIP ratio (N/P-ratio) 
for phytoplankton growth is 16:1 (ba-
sed on molar concentrations) and called 
the Redfi eld ratio. Signifi cant lower de-
viations of the N/P-ratios indicate po-
tential nitrogen limitation and higher 
N/P-ratios potential phosphorus limi-
tation of phytoplankton primary pro-
duction. Deviations from the Redfi eld 
ratio limit phytoplankton primary pro-
duction, and affect phytoplankton bio-
mass, species composition and conse-
quently food web dynamics. Redfi eld 
ratios for diatoms for Si:N and Si:P 
ratios are 1:1 and 16:1, respectively (ba-
sed on molar concentrations), and the 
abundance of silicate relative to nitro-
gen and phosphorus effect the growth 
of diatoms.

PHYTOPLANKTON PRIMARY 
PRODUCTION AND BIOMASS
Primary production is most often 
limited by the availability of light and 
nutrients. Nutrient enrichment will 
therefore increase phytoplankton pri-
mary production. Consequently there 
will be an increase in phytoplankton 
biomass. Elevated phytoplankton pro-
duction and biomass will increase se-
dimentation of organic material. Chan-
ges in the pelagic ecosystem could 
enhance the sedimentation. See micro-
bial loop below.

MICROBIAL LOOP 
AND THE PELAGIC SYSTEM
The microbial loop may be enhanced 
by changes in the species composition 
and functioning of the pelagic food 
web when growth of small fl agellates 
rather than diatoms is stimulated. The 
shift in phytoplankton cell size leads 
to lower grazing by copepods and 
possibly an increased sedimentation. 
The smaller cells will on the other 
hand increase the relative importance 
of grazing by ciliates and heterotro-
phic dinofl agellates. A larger fraction 
of the primary production is conse-
quently channelled through the proto-
zooplankton before it is available to 
the copepods.
 The general responses of pelagic 
ecosystems to nutrient enrichment 
can in principle be a gradual change 
towards: 
1) Increased planktonic primary pro-

duction compared to benthic pri-
mary production. 

2) Microbial food webs dominate ver-
 sus linear food chains. 

3) Non-siliceous phytoplankton spe-
cies dominate versus diatom species. 

4) Gelatinous zooplankton (jellyfi sh) 
dominate versus crustacean zoo-
plankton. 

LIGHT AND SEDIMENTATION
The Secchi depth, a measure of the 
turbidity and light penetration in the 
water column, is negatively affected 
by chlorophyll. Increased trends in 
inputs of nutrients increase phyto-
plankton biomass and reduce the 
Secchi depth. This decreases the colo-
nisation depths of seagrasses and 
macroalgae.

OXYGEN CONCENTRATIONS
Increased animal and bacterial acti-
vity at the bottom due to increased 
amounts of organic matter settling to 
the bottom increases the total oxygen 
demand. The increase can lead to 
oxygen depletion and release of H2S 
from the sediment. This will induce 
changes in community structure or 
death of the benthic fauna. Bottom 
dwelling fi sh may either escape or die. 
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Ulva sp. is stimulated 

by high nutrient con-

centrations.

Phytoplankton 

respond rapidly to 

changes in nutrient 

concentrations and 

can be used as an 

indicator of eutrophi-

cation status.
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SEASONAL SIGNALS
Many of the eutrophication effects as 
well as some of the driving forces have a 
pronounced seasonal variation. Fresh-
water run-off, temperature and salin-
ity have a strong seasonal signal. The 
same is the case for inorganic nutrient 
concentrations, phytoplankton pri-
mary production, chlorophyll a con-
centrations, phytoplankton biomass 
and oxygen concentration in bottom 
water. The seasonal variations are 
illustrated in Figure 1.2. This assess-
ment report will, as mentioned in the 
preface, neither analyse the role of 
eutrophication on the seasonal succes-
sion in these parameters nor the chan-
ges in turn-over or fl uxes of nutrients 
during spring, summer and autumn.

Figure 1.2

Seasonal variation at the station “Gniben” 

located in south-western Kattegat. 

Monthly averages during the period 

1998-2001.

A – Runoff, salinity and temperature

B – N- and P-concentrations

C – Primary production

D – Chlorophyll a + Carbon-biomass

E – Oxygen concentration in bottom water

SEDIMENTS
In the Danish marine areas a signifi -
cant portion of the primary produc-
tion during the spring sediments to 
the sea bottom. An increase in primary 
production means that the sediment 
will experience elevated inputs of orga-
nic material. This leads to increased 
bacterial activity, hence an increase in 
oxygen demand.

SUBMERGED AQUATIC VEGETATION
Eutrophication in general affects sub-
merged vegetation in two different 
ways. Reduced light penetration and 
shadowing effect from phytoplankton 
can reduce the depth distribution, bio-
mass, composition and species diver-
sity of the plant community. Increased 
nutrient levels favour opportunistic 
macroalgae species. The stimulated 
growth of filamentous and annual 
nuisance species at the expense of pe-
rennials will result in a change in ma-
croalgae community structure with 
reduced species diversity and reduced 
nurseries for fi sh. The dominance of 
filamentous macroalgae in shallow 
sheltered areas will increase the risk 
of local oxygen depletion.

BENTHIC FAUNA
The increased load of organic material 
to the bottom affects the macrozoo-
benthic community. The enrichment 
will enhance growth and increase spe-
cies diversity and biomass. A change 
in community structure will follow 
favouring suspension and burrowing 
detritus feeders. Reduction in species 
diversity and biomass will follow at 
progressively higher levels of organic 
load, and opportunistic species will be 
favoured. Oxygen depletion will lead 

to a further reduction in species diver-
sity, and mass mortality of most or-
ganisms, especially due to production 
of H2S in sediments.

SOCIAL CONSEQUENCES
Reductions in dermersal fish and 
shellfi sh due to oxygen depletion and 
harmful algal blooms will reduce har-
vests. In the case of commercial fi sher-
ies these changes have large economic 
implications. The increased risk of toxic 
and harmful blooms will also affect 
mariculture, which can also be infl u-
enced by oxygen depletion. Another 
consequence of toxic algal blooms is the 
risk of shellfi sh poisoning of humans 
by algal toxins. The recreational value 
of beaches especially for swimming is 
reduced due to reduced water quality 
induced by discoloration and foam 
formation by algal blooms or decaying 
rotting macroalgae. This could particu-
larly impact tourism at beaches. 
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Phytoplankton

· Increased production and biomass

·Changed in species composition

· Increased bloom frequency

·Decreased transparency and light 
availability

· Increased sedimentation of 
organic matter

Nutrients

·Elevated winter DIN 
and DIP concentrations

·Changed N:P:Si ratio

·Elevated DIP concentrations 
due to release of nutrients 
from sediments due to 
oxygen depletion

Runoff and
direct
discharges

Inputs
from
adjacent
seas

Zooplankton

·Changes in species composition

·Increased biomass

Fish

·Changes in species composition

·Less fish below the halocline

·Mass death due to oxygen depletion 
or release of hydrogen sulphide

Oxygen

· Increased oxygen consumption 
due to increased production 
of organic matter

·Oxygen depletion

·Formation or release of 
hydrogen sulphide

Macrozoobenthos

·Changes in species composition

·Increased biomass of benthic animals 
on shallow bottoms above the 
halocline due to increased 
sedimentation

·Mass death due to oxygen depletion 
or release of hydrogen sulphide

Submerged aquatic vegetation

·Changes in species composition

·Reduced depth distribution due to shading

·Growth of epiphytes and nuisance macroalgae

·Mass death due to release of hydrogen sulphide

Oxygenated sediments

Atmospheric deposition

Anoxic sediments

Figure 1.3

Conceptual model of marine eutrophication with lines indicating interactions between the dif-

ferent ecological compartments. A balanced system in Danish marine waters is supposedly 

characterised by: 

1) A short pelagic food chain (phytoplankton → zooplankton → fi sh) 

2) Natural species compositions of planktonic and benthic organisms

3) A natural distribution of submerged aquatic vegetation

Nutrient enrichment results in changes in the structure and function of marine ecosystems as 

indicated with bold lines. Dashed lines indicate release of hydrogen sulphide (H2S) and phospho-

rus, which is positively linked to oxygen depletion. Based on OSPAR 2001 and Rönnberg 2001.

CONCEPTUAL UNDERSTANDING 
OF EUTROPHICATION
Figure 1.3 illustrates in a simplifi ed way 
the effects and consequences of nutri-
ent enrich ment and eutrophication in 
the marine environment.                   
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2
TECHNICAL-SCIENTIFIC 
ASSESSMENT

This assessment is based on data from 
the Nationwide Aquatic Monitoring 
Programme (1988–1997) and the Natio-
nal Aquatic Monitoring and Assess-
ment Programme (1998–2003) (See 
Danish EPA 2000 for details). The data 
used for this assessment covers the 
period 1989–2001 (in some cases only 
1989–2000). In a limited number of ana-
lyses other data have been included 
for support. 
 The national monitoring program-
me is run in collaboration between the 
Danish Counties and NERI. The coun-
ties are responsible for the activities 
within the coastal waters. NERI carries 
out most of the monitoring of the open 
marine waters, co-ordinates the pro-
gramme, runs the national marine da-
tabase and produces annual reports on 
the state of the marine environment.
 Marine eutrophication is an inter-
national problem and can only be sol-
ved by co-ordinated national and in-
ternational efforts. The same prin ciple 
applies for assessment of eutrophica-
tion status of marine waters receiving 
and transporting nu trients from dif-
ferent countries. Therefore, it is impor-

tant that Den mark and the neighbour-
ing coun tries (Germany, Norway, and 
Swe den) have almost harmonised 
ways of assessing the eutrophication 
status of common waters. Such com-
mon understanding of prin ciples and 
criteria are dis cussed and agreed with-
in OSPAR and HEL COM.
 The OSPAR Strategy to Combat 
Eutrophication is together with the 
monitoring activities among the main 
drivers of the assessment process 
(OSPAR 1998). The strategy has the 
aim of identifying the eutrophication 
status of all parts of the convention 
area by the year 2002. The Common 
Procedure for the Identifi cation of the 
Eutrophication Status of the Maritime 
Area is a main element of the strate-
gy. The Common Procedure in clu d es 
a checklist of qualitative as sess ment 
criteria to be used when assessing 
eutrophication status. In addition, a 
set of quantitative criteria has been 
developed in order to assist a harmoni-
sed assessment (OSPAR 2001). These 
assessment criteria fall into the follow-
ing four categories: 
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I: Degree of nutrient enrich ment.
II: Direct effects of nutrient en rich-

ment.
III: Indirect effects of nutrient en -

richment. 
IV: Other possible effects of nutrient 

enrichment.
 
The harmonised assessment criteria 
and the assessment levels are sum-
marised in Box 2. 
 Assessments of eutrophication sta-
tus of the marine environment should 
be based on knowledge of how the 
situation would be without any an-
thropogenic infl uence. Two factors are 
important when assessment criteria 
are developed: 
• What are the reference conditions 

for the given parameter?
• What are an acceptable deviation 

from reference conditions?

The principle of assessing the actual 
state of the environment in relation to 
the reference conditions is important. 
However, the critical factor is not the 
defi nition of background conditions 
but the decision on acceptable devia-
tion from background values. The 
OSPAR assessment criteria ack now-
ledge this and give the countries the 
opportunity to establish national, re-
gional or even site-specifi c criteria.
 Recent work in relation to the na-
tional implementation of the Water 
Framework Directive and the Habitat 
Directive has focused on reference 
conditions and classifi cation of ecolo-
gical quality for eelgrass and mac-
roalgae and the parameters control-
ling the growth of submerged aquatic 
vegetation (chlorophyll, Secchi depth, 
runoff, nutrient concentrations, depth 

etc.). The on-going work with regard 
to classifi cation of ecological quality 
shows:
• The acceptable deviation should be 

15-20%, cf. Henriksen et al. 2001.
• A generally acceptable deviation of 

25% will result in a limited number 
of false positive situations when 
compared to the existing Danish 
assessments principles, cf. Krause-
Jensen et al. (subm.).

• The Swedish assessment criteria 
(Swedish EPA 2000) for macroalgae 
will be met almost every year, even 
in wet years with high anthropo-
genic inputs of nutrient, to the ma-

 rine environment, cf. Henriksen et 
al. 2001.

• A 50% deviation from reference 
conditions for macrovegetation at 
reefs in Kattegat suggests that the 
reefs are not subject to eutrophica-
tion at all, cf. Henriksen et al. 2001.

The OSPAR eutrophication assess-
ment criteria have therefore been ad-
justed at a national level. The Danish 
assessment criteria are:
• The acceptable deviation for win-

ter DIN and DIP concentrations is 
25%, cf. Henriksen et al. 2001.

• The acceptable deviation for  maxi-
 mum and mean chlorophyll a is 

25%, cf. Henriksen et al. 2001. The 
growing season covers the period 
March – October.

• The acceptable deviation for ma-
crophytes including macroalgae is 
25%, cf. Krause-Jensen et al. (subm.) 
and Henriksen et al. 2001.

• The Danish oxygen depletion cri-
teria are: severe acute oxygen de-
pletion: 0-2 mg  O2 l

-1, oxygen deple-
 tion: 2-4 mg O2 l-1. These values 

have been national assessment 
criteria since the mid-1980s. The 
OSPAR criteria are: < 2 mg l-1 and 
2-6 mg l-1. These criteria are not ap-
plicable for Danish marine waters, 
where the oxygen concentrations 
due to natural reasons may be 5-6 
mg l-1. Such values are region spe-
cific and due to strong stratifi-
cation in summer and autumn, 
which prevents the saline, cold 
bottom waters from being mixed 
with the brackish and oxygenated 
surface waters. The Danish assess-
ment criteria match the natural 
effect criteria. Fish will try to avoid 
waters with oxygen concentrations 
below 4 mg l-1. Fish and benthic 
invertebrates can only survive con-
centrations below 2 mg l-1 for a 
limited time.

Box 2 summarises the OSPAR eutro-
phication quality objectives (EQO-
eutro) and the Danish criteria used in 
this assessment.
 Background data describing refer-
ence conditions when anthropogenic 
inputs of nutrients were at natural 
levels are scarce. Hence descriptions 

of ecological structure and function 
before the enrichment took place is 
subject to an element of uncertainty. 
Box 3 summarises the current under-
standing of the reference conditions in 
Danish marine waters.
 The implementation of the EU 
Water Framework Directive and the 
development of Ecological Quality 
Objectives (EQOs) defi ning the eco-
logical status of all European coastal 
waters will represent a major step 
forward. The descriptions of ecologi-
cal status will be based on commonly 
agreed defi nitions of reference condi-
tions. The basis for assessing the eco-
logical status will change from expert 
judgements to operational and nu-
meric quality classes. 
 An EU funded R&D project “Char-
acterisation of the Baltic Sea Ecosys-
tem: Dynamics and Function of Coas-
tal Types” (CHARM) will be a major 
contribution to this in the Baltic Sea/
Kattegat Area. One of the products of 
the CHARM project, which runs for 
the years 2002-2004, is descriptions of 
reference conditions for nutrients, phy-
toplankton, submerged aquatic veg-
etation and macrozoobenthos.
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BOX 2 The OSPAR eutrophication quality objectives (ECO-eutro) 
and the Danish criteria used in this assessment

Nutrients 
Background winter concentrations for DIN in the Kattegat, the Skagerrak and the North Sea and in the 
Wadden Sea has within OSPAR provisionally been estimated to 4-5, 10, and 6.5 µmol l-1, respectively. 
Winter DIP concentrations have been estimated to 0.4, 0.6 and 0.5 µmol l-1, respectively.

Phytoplankton biomass and production
Chlorophyll a background concentration for offshore areas in the Skagerrak has within OSPAR been esti-
mated to <1.25 µg l-1, and for the North Sea coast to 2-10 µg l-1. The phytoplankton primary production in 
the Kattegat and Belt Sea has increased from 80-100 mg C m-2 year-1 in the 1950s – 1960s to 120-290 mg 
C m-2 year-1 in the 1970s – 1980s (Ærtebjerg Nielsen et al. 1981; Richardson & Christoffersen 1991; Heil-
mann et al. 1994, Richardson & Heilmann 1995).

Oxygen 
From scattered measurements of oxygen concentrations in Danish waters from the period 1902–1975 and 
more systematic measurements since then it seems that the major decrease took place from the 1960s to the 
late 1980s. In the Kiel Bight the bottom water oxygen concentration in July-August decreased from about 8 
mg O2 l

-1 in the late 1950s to about 4 mg O2 l
-1 in the late 1980s (Babenerd 1991). Trend analysis of bottom 

water oxygen concentrations in late summer – autumn in the Kattegat and Belt Sea area generally shows a 
decrease of 1.5-2.2 mg O2 l

-1 during the period from mid 1970s to about 1990 (Ærtebjerg et al. 1998).

Eelgrass 
In 1900, eelgrass was widely distributed in Danish coastal waters, and covered approximately 6726 km2 or 
1/7 of all Danish marine waters. In the 1930s, the world wide wasting disease substantially reduced eelgrass 
populations, especially in north-west Denmark. In 1941, eelgrass covered only 7% of the formerly vege-
tated areas, and occurred only in the southern, most brackish waters and in the low saline inner parts of 
Danish estuaries. Analyses of aerial photos from the period 1945–1990s, reveal an initial time lag of more 
than a decade before substantial re-colonisation of the shallow eelgrass populations began. The photos also 
show that large populations had recovered in the 1960s. Today eelgrass again occurs along most Danish 
coasts but has not reached the former area extension. Comparisons of eelgrass area distribution in two 
large regions, the Sound and Limfjorden, in 1900 and in the 1990s, suggest that the present distribution 
area of eelgrass in Danish coastal waters constitutes approximately 20-25% of that in 1900. Reduction in 
area distribution is partly attributed to loss of deep populations. In 1900 colonisation depths averaged 5-6 
m in estuaries and 7-8 m in open waters, while in the 1990s the colonisation depths were about halved to 
2-3 m in the estuaries and 4-5 m in open waters.

Macrozoobenthos 
There have been changes of macrozoobenthos communities in the Kattegat area over the last 100 years. 
The reference material is mainly the large-scale mapping performed by C.G.J. Petersen at the end of the 
19th and the beginning of the 20th century. Comparisons in the 1980s and 1990s indicate that biomass, 
and then probably secondary production, has increased with at least a factor of 2. Main contribution to the 
increase in deeper waters is from the suspension-feeding brittle star Amphiura fi liformis and some polycha-
etes, whereas some amphipod crustaceans have decreased in importance. In shallower waters it is likely that 
biomass of bivalves have increased as has been documented from the eastern and southern Baltic Sea. Local 
reductions of benthic faunal biomass due to hypoxia seems to have occurred at times in recent decades 
both in the southern Kattegat, the Belt seas and some Danish estuaries.

BOX 3  Background or reference conditions

OSPAR EAC Danish ECO-eutro See page

I:  Degree of nutrient enrichment (causative factors)  
1 Riverine total N and total P inputs and direct discharges (RID)  
 Elevated inputs and/or increased trends (compared 
 with previous years) 25 % 28–35
2 Winter DIN- and/or DIP concentrations
 Elevated level(s) (defi ned as concentration > 50 % above salinity 
 related and/or region specifi c background concentration) 25 % 36–41
3 Increased winter N/P ratio (Redfi eld N/P = 16) 
 Elevated cf. Redfi eld (>25)  43–44

II:  Direct effects of nutrient enrichment (growing season)
1 Maximum and mean Chlorophyll a concentration 
 in March–October  
 Elevated level (defi ned as concentration > 50 % above
 spatial (offshore) / historical background concentrations)  25 % 46–51 
2 Region/area specifi c phytoplankton indicator species
 Elevated levels (and increased duration)  41–53
3 Macrophytes including macroalgae (region specifi c)
 Shift from long-lived to short-lived nuisance species (e.g. Ulva)   68–76

III: Indirect effects of nutrient enrichment (growing season)
1 Degree of oxygen depletion
 Decreased levels (<2 mg O2 l

-1: acute toxicity;  
 2-6 mg O2 l

-1: defi ciency) < 2 and 2–4 mg l-1 58–76
2 Changes/kills in zoobenthos and fi sh kills
 Kills (in relation to oxygen depletion, H2S and/or toxic algae)  
 Long term changes in zoobenthos biomass and species composition  76–79, 80–83
3 Organic Carbon/Organic Matter (in sediments)
 Elevated levels (in relation to III.1) (relevant in sedimentation areas)  62–67

IV: Other possible effects of nutrient enrichment (growing season)
1 Algal toxins (DSP/PSP mussel infection events)
 Incidence (related to Category II.2)  52–53
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