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1. Introduction

In late October 2000 The European Parliament and 
The Council approved a directive for establishing 
a framework for Community action in the fi eld of 
water policy, in short named “The Water Framework 
Directive” (Directive 2000/60/EC). The purpose 
of the directive is to protect inland surface waters, 
transitional waters, coastal waters, and groundwa-
ter, thereby preventing further deterioration of these 
aquatic ecosystems and environments, and thus 
enhancing their ecological status. For the surface 
waters in general, the objective is to achieve good 
ecological status at the latest in 2015. For those 
water bodies that are designated artifi cial or heavily 
modifi ed, the objective is to achieve good chemical 
status in 2015. 

The present BERNETCATCH project is intended 
to contribute in qualifying the concept of the Water 
Framework Directive (WFD), and to strengthen the 
regional capacity with specifi c focus on integration 
with the statutory physical planning, and on public 
participation and ownership among stakehold-
ers. With the broad representation in the Baltic Sea 
Region, the project highlights the Pan-Baltic per-
spective, and the inter-dependence among regions 
on the quality of the aquatic environment – especially 
the Baltic Sea. One common goal of the project is 
to supply a Water District Plan for a selected catch-
ment in each partner region, suggesting concrete 
measures that may contribute to improve the quality 
of the surface waters. Such a plan is then followed 
by a proper monitoring programme designed to 
evaluate the expected positive effects of the meas-
ures. The project, thus, aims at “playing” the proc-
ess of the WFD, even though national guidelines 
and administrative “tools” may not be fully at hand 
at this early phase of the implementation process. 
However, although the WFD include both surface 
waters and groundwater, the project only focuses on 
the former.

There are six participating regions – each repre-
senting one country:

• Fyn County (DENMARK)
• Westfi nland (West Finland Regional Environmental 

Centre - FINLAND)

• Schleswig-Holstein (Landesamt für Natur und 
Umweltschutz Schleswig-Holstein, GERMANY)

• Gdansk (Regional Board of Water Management 
Gdansk - POLAND)

• Kaliningrad (Kaliningrad Oblast, Kaliningrad Centre 
on Hydrometeorology and Environmental Monitor-
ing - RUSSIA)

• Laholm (Halland County, Scania County, Municipal-
ities of Bastaad, Laholm & Halmstad - SWEDEN)

The BERNETcatch project is organised into three 
Working Packages (WP’s). WP 1 aims at promoting 
classifi cation and assessment systems for surface 
waters (and thus do not include groundwater), and to 
compare and share experiences with these systems, 
whereas WP 2 tests the implementation of the whole 
WFD concept using the outcome from the work of 
WP 1 (but including groundwater). Finally, the WP 3 
focuses on public participation in the implementation 
process.  

This report from WP 1 focuses on the fundamen-
tal template for carrying out a Water District Plan. 
Firstly in Chapter 2, the necessary typology for each 
category of surface water is provided. Then in Chap-
ter 3, an attempt is made to defi ne the reference 
condition of each type of lakes, rivers, and coastal 
waters, respectively. In Chapter 4, classifi cation 
systems for different quality elements are presented 
in order to describe the ecological status on basis of 
the defi ned reference conditions. The classifi cation 
enable the authorities to carry out an assessment 
of the ecological quality of a number of designated 
water bodies among the surface waters, and thereby 
fi nally to be able to carry out a so-called risk assess-
ment, i.e. whether or not a certain waterbody – given 
the effect of different measures - may obtain “good” 
ecological status in 2015.

WP 1 has taken several of the so-called Guidance 
Documents (Offi cial Publications of the European 
Communities 2003) that have been provided pursu-
ant to the common implementation strategy for the 
WFD into account. These documents are:
• No. 2: “Identifi cation of waterbodies” (by Working 

Group on Water Bodies)
• No. 3: “Analysis of pressures and Impacts” (by 
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Working Group 2.1 – IMPRESS)
• No. 4: “Identifi cation and Designation of Heavily 

Modifi ed and Artifi cial Water Bodies” (by Working 
Group 2.2 – HMWB)

• No. 5: “Transitional and Coastal Waters - Typology, 
Reference Conditions and Classifi cation Systems” 
(by Working Group 2.4 – COAST).

• No. 7: “Monitoring under the Water Framework 
Directive” (by Working Group 2.7 – Monitoring)

• No. 10: “Rivers and lakes – Typology, reference 
conditions and classifi cation systems” (by Work-
ing Group 2.3 – REFCOND)

• No. 13: “Overall approach to the classifi cation of 
the ecological status and ecological potential” (by 
Working Group 2A) 

As already mentioned briefl y, each partner region 
has selected its own so-called pilot area in which the 
“BERNETcatch process” is carried out. The strength 
of the project is that the pilot areas differ consider-
ably in topography, geology, and most of all in land 
use. The pilot areas therefore also differ considerably 
in respect to human impact on the aquatic environ-
ment, and in respect to the necessary measures to 

Laholm 
(LAH) Fyn (FYN) 

Schleswig-
Holstein 

(SH) 

Gdansk 
(GDK) 

Kaliningrad 
(KGL)

West 
Finland 
(WFI) 

Pilot River Basin (PRB) Stensån Odense 
Fjord 

Schlei-
Trave 

Pasleka Mamo-
noska

Kyrönjoki 

Area of PRB (km2) 284 1046 6184 2295 311 4923 

Dominating soil types 

Bedrock, 
moraine, 

clay, sand, 
peat

Moraine,
clay, sand 

Moraine,
clay, sand 

Sand
Soddy 

soils, peat, 
sand

Moraine,
clay, silt, 

peat

Mean annual temperature 
(ºC) 

7.0 8.2 8.5 7.9 7.0 3.2 

Annual precipitation (mm) 800-1050 700-850 570-930 600 750-940 513 

Cultivated areas1 (%) 26 68 68 39 56 25 

Urban areas (%) 2 16 6 4 8 1 

Woodland, heathland (%) 46 10 9 31 28 50 

Meadows/grasslands, fens, 
bogs, mires etc (%) 

21 6 16 26 8 22 

Population density 
(persons/km2)

23 235 189 34 31 20 

Livestock density 
(LU/ha farmland) 

0.83 0.9 >0.7 0.33 Very low2 >0.6? 
1 This includes areas with cereals, seed crops, root crops, non-permanent grass etc. 
2 There is at the moment no large farms, but numerous small family farms, each with few livestock 

improve the environment. This means that it may be 
possible to obtain a rather broad impression of prob-
lems and solutions that may be of interest for those 
who in other parts of the European Communities are 
going to implement the directive. 

Key characteristics of the selected pilot river basins 
are shown in the table below.

It appears that there are great variations in the size 
of the pilot areas, soils, and landuse (i.e. the impact 
on the aquatic environment). Thus, the catchments of 
Stensån and Kyrönjoki are dominated by woodland, 
wetlands, and grassland whereas the catchments 
of Odense Fjord, Pasleka, Mamonoska, and Schlei-
Trave are dominated by farmland and urban areas, 
and in addition Odense Fjord and Schlei-Trave have 
very high population densities. Pasleka and Mamon-
oska, however, also have a high percentage of 
woodland (or heathland). These differences certainly 
affect the outcome of the WP 1 part of the project; 
e.g. it is diffi cult to establish the reference condition 
of streams and lakes in Fyn and Schleswig-Holstein 
where pristine sites may not be found, and this infl u-
ence the possibilities of building up classifi cation 
systems. The same holds for the coastal waters in 
most partner regions.  
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2. Typology of surface waters

Introduction

According to the Water Framework Directive relevant 
surface waters should be differentiated according to 
type and reference conditions established for each 
of these types. The main purpose of such a typology 
is, thus, to enable type specifi c reference conditions 
to be defi ned which accordingly are used as the tem-
plate for classifi cation systems. 

The WFD defi nes two different systems – “A” 
and “B” - that can be used to establish a typology. 
The two systems are rather similar in that the same 
obligatory factors are to be used. These factors are 
geographical position, altitude, size, geology and 
especially for lakes, also water depth. System A, 
however, differs by prescribing how water bodies 
shall be characterised spatially (i.e. by ecoregions) 
and with respect to specifi c altitude, size and depth 
intervals, whereas System B besides lacking this pre-
scription, permits the use of additional factors – the 
so-called optional factors. The Member States are 
free to decide what system to use. However, in case 
System B is chosen, this must not result in a greater 
variability in type specifi c reference conditions values 
than if System A had been used. The signifi cance of 
this requirement is that the Member States should 
avoid using a too simplifi ed typology systems (i.e. too 
few types) if this means that the variability in the type 
specifi c reference conditions for each type is unac-
ceptably high. Although the Directive suggests the 
use of several specifi c optional factors, the Member 
Sates are allowed to use other factors when this is 
appropriate. 

These principles are described in the guidance 
document nr. 10 (Working Group 2.3 – REFCOND, 
2003).  

Biogeographically, BERNET partner regions and 
their selected pilot river basins belong to different 
so-called aquatic ecoregions. Thus regarding inland 
surface waters, Fyn (and Denmark), Laholm and 
Schleswig-Holstein belong to ecoregion 14 (“Central 

Plains”), whereas Gdansk and Kaliningrad belong 
to ecoregion 15 (“Eastern Plains”) and West Finland 
belong to ecoregion 22 (“Fennoscandian Shield”). 
Regarding the coastal waters, Fyn, Halland and 
partly Schleswig-Holstein belong to marine ecore-
gion 4 (“North Sea”), whereas Gdansk, Kaliningrad 
and West Finland belong to marine ecoregion 5 
(“Baltic Sea”).

The countries to which the BERNET partners 
belong are at a quite different level establishing a 
typology for their surface waters. Both Denmark 
and Germany have provided typologies for running 
waters, lakes and costal waters, whereas typologies 
are still (i.e. autumn 2005) in preparation in Finland, 
Poland and Sweden. Therefore, the BERNET part-
ners of the last named three countries have either 
presented a preliminary typology (West Finland, 
Laholm) or suggested a typology based on System 
A (Gdansk). 

As Russia (and Kaliningrad) is neither a member 
of the EU, nor has adopted EU water policies, the 
typology of surface waters in the Russian Federation 
are different from the WFD typologies. Like the WFD 
typologies, however, the Russian typology includes 
both geographical and a large variety of physical 
descriptors, and the typology can best be compared 
with the EU System A. Regarding the geographical 
point of view, the territory of Russia has a conditional 
division into eight hydrographical regions (or ecore-
gions): (I) Baltic, (II) Black Sea, (III) Azov, (IV) Barents, 
(V) Kara, (VI) East Siberian, (VII) Caspian, and (VIII) 
Pacifi c. Kaliningrad, of course, belongs to (I) Baltic. 
One main difference between the Russian typology 
and the WFD typologies is that the Russian typol-
ogy also includes elements related to the various use 
of surface waters. Another difference is that every 
descriptive element is indexed (according to defi ned 
classes) and a specifi c type is identifi ed by combin-
ing the different index scores. 
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Table 2.1.1 
Distribution of stream 
size in the Odense 
Fjord River Basin

ments of 85 % of Danish streams are less than 100 
km2, and only fi ve rivers have catchments larger than 
1000 km2. The largest watercourse in OFRB and 
in Fyn County is the River Odense (catchment 623 
km2), the main reach of which is just 59.4 km long 
and up to 30 m wide. The density of open water-
courses in the basin as a whole is approx. 0.9 km/
km2 and, thus, of the same magnitude as in the other 
Nordic countries and Great Britain. The watercourse 
network complies fairly well with Horton’s laws of 
stream number and stream lengths (Table 2.1.1).

The watercourses in the county, like in the rest of 
Denmark, have undergone major physical changes 
due to human impact, primarily as a consequence of 
agricultural activities that take place on about 67 % 
of the total county area. Most of the watercourses are 
therefore regulated (culverted, straightened, deep-
ened), and a lot of them are even artifi cial (ditches in 
forests, canals in areas that represent former shallow 
lakes or marine areas). Using traditional maps, the 
length of the true, natural watercourses are strongly 
underestimated, as a signifi cant part of them are cul-
verted. Thus, 21 % and 25 % of the watercourses 
are culverted in the whole county and in the OFRB, 
respectively.

Further, the watercourses have been heavily pol-
luted during the twentieth century, primarily by 
wastewater rich in organic substances from dia-
ries, slaughterhouses, cities, and scattered homes, 
although water quality has improved markedly during 
the last two decades. Due to agriculture, the water-
courses receive a high input of nutrients.

Typology
Prior to carrying out any typology, it is necessary 
to defi ne the watercourses to be considered. As 
mentioned above, a signifi cant part of the natural 
streams are culverted and therefore not visible on 
traditional topographic maps. It is especially the 
smallest streams – often the source (e.g. springs) 
and most upper parts of the watercourses – that 
have been piped. However, although such parts 
of the watercourses may be regarded as lost, they 
should certainly be considered in the context of the 
WFD in order to re-establish the natural continuity of 
the watercourses. On the other hand, many water-
courses are artifi cially made ditches and, thus, not 
natural parts of the watercourse systems. When 
trying to establish the template of watercourse net-
work including piped parts of the watercourse sys-
tems, Fyn County has used a topographic model 

2.1 Rivers

2.1.1 Fyn County

WATERCOURSE 
WIDTH (M) 

<2 2–10 >10 

Watercourse
length (km) 

671 302 42 

Watercourse
relative length 
(%)

66 30 4 

Figure 2.1.1 
Map of watercourses 
in the in Odense Fjord 
River Basin (OFRB).

Introduction
In a European perspective, the climate, topography 
and geology of Denmark show relatively little varia-
tion, although the western part of Jutland that was 
never covered by the ice-shield during the Weichsel 
Glaciation from 100,000 – 17,000 years BP differs 
considerably in its geology from that of the rest of 
Denmark. Danish watercourses are, including those 
in Odense Fjord River Basin (OFRB), typical lowland 
watercourses (terrain height under 200 m), although 
some small brooks may have rather steep slopes. 
Danish watercourses are also small, as the catch-
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and carefully selected precipitation data to estimate 
the expected natural position of watercourses. The 
resulting map has thereafter been adjusted using tra-
ditional topographic maps and administrative maps 
showing the position of culverted streams. The map 
for the whole Fyn County include 2832 km open or 
piped watercourses, of which 1112 km are located 
within the OFRB (Figure 2.1.1).

The Annex II to the WFD provides two typology 
systems for differentiating the watercourses, namely 
System A and System B. Due to the relatively small 
size of Danish watercourses, the use of system A is 
inappropriate in its present form. Unfortunately, how-
ever, data on pristine undisturbed streams are insuf-
fi cient to implement system B. Therefore, system 
A has been implemented anyway, but adapted to 
include small streams given their great signifi cance 
(e.g. contain just as many species of macroinver-
tebrates as the larger watercourses, contain spe-
cialised spring species, are important spawning 
and nursery grounds for salmonids). The system 
is expected to be re-validated and revised when 
knowledge has improved. 

Overall, stream size has moderate to large infl u-
ence on many potential quality elements. Overall, 
hydromorphology of Danish and Fyn watercourses 
varies from source and downstream in a predictable 
manner. Thus, discharge, width, and depth gener-
ally increases, whereas slope generally decreases 
downstream, although local topography, geology 
and hydrology may certainly disturb this pattern. In 
addition, the assemblages of macrophytes, macroin-
vertebrates and fi sh are well correlated with stream 
size.

According to their location east or west of the 
line formed by the Weichsel ice front, Danish water-
courses however, also differ in respect to physical, 
chemical, hydromorphological, and some biological 
quality elements (e.g. diatoms, macrophytes, fi sh).

Despite of this, the chosen national typology only 
considers the size of the watercourses. The reason 
for this decision is that Danish watercourses are only 
well described by their macroinvertebrates (primarily 
on basis of the Danish Stream Fauna Index) and that 
these (and the index) seem only little ‘affected by the 
ice front’.

The typology of each individual locality is assessed 
from four appropriate (and mutually positively cor-
related) size components (Table 2.1.2.). A locality is 
assigned a type in accordance with the “dominance 
principle”. In cases of equal distribution between 
two size components, the size of the catchments 

is the decisive determinant of type. This principle 
is employed to ensure that the system can be used 
throughout Denmark irrespective of regional or local 
differences in topography.

The typology is fully practicable when appropriate 
calculation methods are used to defi ne catchment 
boundaries, stream order, and to determine water-
course length. Data on watercourse width (i.e. winter 
width of the water surface) are obtained from a net of 
902 monitoring stream site.

A status of the typology of watercourses in the 
Odense Fjord River Basin and in the whole Fyn 
County is given in Table 2.1.3. Fyn County has 
decided not to include “artifi cial” watercourses (see 
Chapter 4.1) in the typology presented in Table 2.1.2, 
as such canals and ditches differ considerably from 
“natural” watercourses. The “artifi cial” watercourses 
within the river basin comprise 84.2 km. 

The chosen typology is obviously an oversimplifi -
cation. Thus, it does not separate naturally summer-
dry watercourse reaches that may have a reference 
status that differs markedly from that of permanently 
fl owing watercourse reaches. Moreover, the refer-
ence status of watercourse reaches with a naturally 
very gentle slope differs markedly from that of those 
with a much steeper slope. 

TYPE 1 2 3 

Stream order 
(Strahler 
system) 

1–2 3–4    5 

Catchment
size (km2)

<10 10–100 >100 

Watercourse
width (m) 

0–2 >2–10 >10 

Distance to 
source (km) 

<2 2–40 >40 

Watercourse
types

Odense Fjord 
River Basin 

Fyn County 

Type 1  
(km length) 

661.6 2173.9 

Type 2  
(km length) 

216.4 594.6 

Type 3  
(km length) 

52.7 63.1 

Table 2.1.2 
Typology for Danish 
watercourses. NOTE: 
Strahler order has been 
excluded in the latest 
edition of the national 
typology.

Table 2.1.3 
Distribution of stream 
types in Odense Fjord 
River Basin and in the 
whole of Fyn County.
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3
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5 b

Siliceous Clay
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9
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2.1.2 West Finland 

Factors for the typology of rivers
The guidelines in the directive for the typology of 
the surface waters were used for the typology of 
the running waters in Finland. The typology is still 
preliminary and will not necessarily be the offi cial 
one. The majority of the country belongs to the so 
called ecoregion 22 or the Fenno-Scandian shield. 
The rivers are divided into types using the obliga-
tory factors of the A-system: size (of the catchment), 
geology and altitude. A schematic picture over 
the presented types is found in Figure 2.1.2 and the 
number of rivers distributed between the different 
types in Figure 2.1.3. 

Size (of the catchment)
According to the present division of water courses, 
there are 74 water systems with a catchment >200 
km2 in Finland, which discharge into the sea. Addi-
tionally there are some small water courses in the 
coastal areas. The size distributions of the catch-
ments are:

Type Catchment size Number
Very large rivers: > 10000 km2 9
Large rivers: 1000 - 10000 km2 150
Medium sized rivers: 100 - 1000 km2 1.520
Small rivers: 10 - 100 km2 3.270

The numbers are of course only fi gurative because 
large catchments are divided into smaller units. 
Below follows a short description of the rivers in the 
size categories in Finland.

Very large rivers (>10000 km2)
Some of the very large rivers are heavily modifi ed and 
regulated. These rivers are found all over the country, 

but mainly on the lowland areas. Large pool areas 
and rapids all the way down to the river mouths char-
acterize the very large rivers.

Large rivers (1000 - 10000 km2)
Large rivers are found all over the country, exclusively 
on the lowland areas. Some of the large rivers are 
located on the coast with discharge to the sea. The 
rivers are dominated by large pool areas and some 
rivers are also parts of water routes. The catchments 
are largely dominated by peat lands and siliceous 
soils. 

Medium sized rivers (100 - 1000 km2)
A vast part of the coastal rivers as well as parts of 
the water routes belong to the medium sized rivers. 
The seasonal variation in water quality is large and 
the river morphology and the geology of the river 
catchments are variable. Rivers on clayey soils are 
common. 

Small rivers (10 - 100 km2)
This is the most versatile group of rivers, with ground 
water rivers. The fl ow is usually high with a lot of 
rapids. The small rivers are quite well monitored and 
investigated.

Altitude
The rivers are divided into two subtypes according 
to the altitude. The altitude classes are low lands (< 
200 m above sea level) and middle lands (200-800 
m a.s.). Rivers situated on high lands >800 m above 
sea level are not found in Finland. Only small and 
medium sized rivers are divided into two subtypes 
according to altitude (see Figure 2.1.2). These are 
both siliceous and organic to their geology, whereas 
the clayey soils are only found in the low land areas. 

Figure 2.1.2 
Schematic presenta-
tion of the river types in 
Finland (yellow).
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The catchment altitude is not a signifi cant factor for 
the typology in Finland.

Geology
The rivers of Finland are quite equally divided accord-
ing to their geology into siliceous and organic rivers. 
Generally, rivers in Finland are slightly acidic to their 
water quality. In the organic rivers this is highlighted 
by a high humus and iron content. In clayey areas 
high turbidity values and high nutrient contents are 
typical. 

Generally, if the proportion of peat land of the 
catchment exceeds 25 %, the river is classifi ed as an 

organic river. In addition, fl at arable land (slope <0.5 
%) is included in the peat land category, because in 
most cases in West Finland they are cleared peat 
lands.

About 20% of the small rivers and 10% of the 
middle sized rivers are situated on the middle lands 
(200-800 m above sea level). The rest of the rivers 
are situated on low lands. This indicates that almost 
all rivers in the southern/southwestern parts of the 
country can be regarded as clayey rivers. Charac-
teristic for the small rivers are the rich groundwater 
fi ndings in the catchment.

Figure 2.1.3 
The number of riv-
ers distributed on the 
different types. River 
types on the x-axis, and 
the number of rivers on 
the y-axis.

Name Description 

1 (a & b) Small organic rivers Humic rivers with catchments between 10 - 100 km2. The rivers can be 
divided into subtypes according to altitude: low land (< 200 m above sea 
level) and middle lands (200 - 800 m a.s.). 

2 (a & b) Small siliceous rivers Clear rivers with low humus content with catchments between 10 - 100 
km2. The rivers can be divided into subtypes according to altitude: low 
land (< 200 m above sea level) and middle lands (200 - 800 m a.s.). 

3 Small clayey rivers Eutrophic rivers on clayey soils, catchments between 10 - 100 km2.

4 (a & b)  Middle sized organic rivers Humic rivers with catchments between 100  - 1000 km2. The rivers can 
be divided into subtypes according to altitude: low land (< 200 m above 
sea level) and middle lands (200 - 800 m a.s.). 

5 (a & b) Middle sized siliceous rivers Clear rivers with low humus content with catchments between 100 - 
1000 km2. The rivers can be divided into subtypes according to altitude: 
low land (< 200 m above sea level) and middle lands (200 - 800 m a.s.). 

6 Middle sized clayey rivers  Eutrophic rivers on clayey soils, catchments between 100 - 1000 km2

7 Large organic rivers Humic rivers with catchments between 1000 - 10000 km2

8 (a & b) Large siliceous rivers Clear rivers with low humus content with catchments between 1000 - 
10000 km2. The rivers can be divided into subtypes according to 
altitude: low land (< 200 m above sea level) and middle lands (200 - 800 
m a.s.). 

9 Large clayey rivers Eutrophic rivers on clayey soils, catchments between 1000 - 10000 km2.

10 Very large organic rivers Humic rivers with catchments >10000 km2.

11 Very large siliceous rivers Clear rivers with low humus content with catchments >10000 km2

Table 2.1.4 
River types of Finland. 
Types found in catch-
ment of River Kyrönjoki 
are indicated with bold 
text. The subtype a) 
represent low land riv-
ers (<200 above sea 
level) and b) represents 
middle land rivers (200-
800 a.s.)
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Figure 2.1.4
 Typology of the lakes 
and streambeds in the 
catchment of River 
Kyrönjoki
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River types in catchment of River Kyrönjoki (pilot 
river area)
The river types of the pilot catchment of River Kyrön-
joki are presented in Figure 2.1.4. Totally fi ve types 
of stream beds are found in the catchment: 1a, 2a, 
4a, 5a and 7. The numbers are referring to the type 
codes in Table 1. The types represent the small, 
medium sized and large organic stream beds but 
also small and medium sized siliceous stream beds.

On this basis, the whole main streambed of the 
Kyrönjoki and the lower courses of the large tributar-
ies are of the same type, that is, large, organic rivers 
of fl at plain lands (see Figure 2.1.3). In the third sub-
catchment division, the tributaries and brooks fl owing 
into the Kyrönjoki are for the most part medium-size 
and small organic rivers. In the lower courses, the 
proportion of fl at cultivation plains is a signifi cant 
factor in the typifi cation, whereas in the headwaters 
the peat lands play an important role.

Rivers that can be classifi ed as siliceous, fl ow 
mainly between Ilmajoki and Kurikka, where the 
headwaters are surrounded by heath lands and 
sloping fi elds (slope >0.5 %). Of these rivers, the 
brooks Nenättömänluoma beginning at the slopes of 
Pässilänvuoret, and Tuoresluoma, coming from the 
south and emptying into the Kyrönjoki by the centre 
of Ilmajoki. The brook Nahkaluoma in Kurikka, the 
brooks Lohiluoma and Kyttälänluoma that fl ow into 
the main streambed by the borders of Kurikka and 
Kauhajoki, and the brooks of Häjyluoma and Koskut-
joki of the headwaters of the Jalasjoki can be defi ned 
as type of small, siliceous rivers.

2.1.3 Schleswig-Holstein 

German approach for a river typology
The EC Water Framework Directive (WFD) demands 
a typology of running waters with catchments larger 
than 10 km2. In Germany, a working group consist-
ing of scientists at research institutes and universities 
has fi rst developed a typology of streams and rivers 
for some regions independently and prior to the intro-
duction of the WFD. The rationale of this early typol-
ogy was used to extend this system to all running 
waters in Germany by new research projects and the 
inclusion of data provided by the state authorities all 
over Germany. Geomorphological fl uvial landscapes 
were delineated in an intermediate step towards a 
river typology. The various projects were advised by 
experts from governmental institutions of the federal 
states of Germany (LAWA).

In the hierarchy of the typology, the fi rst two tiers 
descend from the system A given in the WFD. The 
fi rst tier of the typology refers to three ecoregions in 
Germany. The second tier refers to the catchment 
sizes. The third tier refers to the single river types. 
This lowest tier was developed in two subsequent 
steps by delineating sub-ecoregions according to the 
fl uvial landscapes and by defi ning geomorphological 
stream types (system B). The fi nal geomorphological 
stream types were combined with the longitudinal 
zonation, i.e. tier 2 of catchment size. The outcome 
of this approach is a list of 23 different river types 
that are signifi cant for the aquatic fauna and fl ora, in 
particular for the macrozoobenthos. However, some 
adjustments for macrophytes and fi sh are still under 
development. The used obligatory factors refer to alti-
tude and catchment size. The included optional fac-
tors can be listed as follows: valley form, form of the 
main river bed, river bed substratum, chloride, acid 
binding capacity. However, each optional factor can 
not be quantifi ed directly in most cases, because of 
the derivation by the geomorphological fl uvial land-
scapes. At present descriptions of characteristics for 
each type are available, yet the reference conditions 
in terms of hydromorphology, physico-chemical 
conditions and biological quality elements are being 
revieved by the national projects and will be presum-
ably delivered by th end of 2005.

Nine stream types occur in Schleswig-Holstein, 
namely sand-formed streams and rivers (type num-
bers 14 and 15), gravel-formed streams and rivers 
(types 16 and 17), partly-mineralic lowland streams 
in river valleys (19), sand-formed large rivers (20), 
lake-outlets (21) and limnic and brackish mudfl at 
streams in two variants (22). The shares of the vari-

types length [km] proportion 

all streams 4861,5 100,0% 

type 14 1197,4 24,6% 

type 15 76,9 1,6% 

type 16 1501,8 30,9% 

type 17 79,2 1,6% 

type 19 857,6 17,6% 

type 21 33,3 0,7% 

type 22 439,4 9,0% 

artificial 688,4 14,2% 

Table 2.1.5 
Cumulative length of 
streams of the reduced 
network in Schleswig-
Holstein and their 
shares to the German 
stream types.
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ous types on the streams in Schleswig-Holstein in 
terms of cumulative stream length and percentual 
contribution are listed in Table 2.1.5. 

A map of the network of streams and rivers shows 
the distribution of types throughout Schleswig-Hol-
stein (Figures 2.1.5, 2.3.4). Because of the dominant 
infl uence of glacial processes a change from gravel 
to sand to mudfl at streams is visible from north-east 
to south-west. Partly-mineralic streams are found 
where the the streams cross fens and the slope is 
very small. The river Elbe belongs to the type defi ned 
as a sand-formed large river and marks the bound-
ary to other states (not shown in map).

The pilot catchment is the river basin district Schlei/
Trave, which consists of 4 river systems (rivers Schlei, 
Kossau, Trave, and Schwentine) that are processed 
by 12 working groups in 12 sub-basins. The total 
catchment size amounts to 6184 km2 and the length 
of all rivers amounts to 1590 km. Of those only 24 
km are rated to be not at risk, whereas 1311 km 
are assessed to be at risk. The remaining stretches 
are in a heavily modifi ed state or are artifi cially con-
structed. Seven rivers types occur in the river basin 
district Schlei/Trave, namely type numbers 14, 15, 
16, 17, 19, 20, and 21. 

2.1.4 Gdansk 

The region of Elblag with an area of 6547 km2 (about 
2.1 % of Poland) is the Polish part of the whole Vis-
tula Lagoon. The catchment area consists of a few 
main rivers and some smaller direct catchments. 
The following major rivers are discharging into the 
lagoon: Bauda, Elblag, Nogat and Pasleka.

The most signifi cant river in the Vistula Lagoon 
basin district is Pasleka located in the eastern part of 
the Polish part of the basin district.

Preliminary identifi cation of rivers and streams 
located in the Pasleka river sub-basin allowed a 
selection of 20 water bodies according to System A.

Artifi cial and heavily modifi ed water bodies

Only Pierzchaly reservoir is offi cially identifi ed as arti-
fi cial water body in the Pasleka river sub-basin. How-
ever there is a question whether such small reservoir 
located in a deep intermoraine river valley with very 
short retention time should be regarded as artifi cial 
one or rather as heavily modifi ed one.

Figure 2.1.5 
Map of Schleswig-
Holstein showing the 
network of stream 
and rivers, which are 
coloured according to 
the designated types. 
Orange: sand-formed 
streams and rivers 
(type numbers 14 and 
15). Black: gravel-
formed streams and 
rivers (types 16 and 17). 
Green: partly-mineralic 
lowland streams in river 
valleys (19). Blue: limnic 
and brackish mudfl at 
streams. Fat and small 
lines differentiate rivers 
and streams, respec-
tivly. The lengths of 
lake-outlets are two 
short to be repre-
sentated on this map. 
Violet lines summarize 
artifi cial water courses, 
boundaries of lakes, 
and water courses 
outside Schleswig-
Holstein.



Total area of the region [km2] 6547.0

Major river basins in the region 

1: Pasleka 2294.5

2: Elblag 1499.9

3: Nogat 1330.0
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Figure 2.1.6 
Map of the polish part 
of the Vistula Logoon 
basin and catchment 
area of the river basins.

Fixed typology  Descriptors  No. of WB 

Ecoregion  Eastern plains  

Type  Altitude typology 
lowland: <200 m 

20

Size typology based on catchment area 
small: 10 to 100 km2

medium: >100 to 1 000 km2

12
8

 Geology 
siliceous 
organic 

17
3

Table 2.1.6 
River types in the 
Pasleka river sub-basin 
according to the Polish 
typology system.
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Table 2.1.10 
Typology of rivers ac-
cording to the size and 
water content

Index Category Water catchment area, km2 Water discharge 

1 Large Over 50,000 Over 100 

2 Medium From 2,000 to 50,000 From 5 to 100 

3 Small — Up to 5 

4 Small Up to 2000 — 

2.1.5 Kaliningrad 

The national standard 17.1.1.02-77 is presented in the following tables (Table 2.1.7 - 2.1.12).

Table 2.1.7 
Typology based on 
physical and geograph-
ical attributes

Index Geographical zone Season Period of water current 

1 Insufficient humification Winter Permanent 

2 Excessive and cyclic humification Summer autumn — 

3 — — Temporary 

Duration of the period of 
low-level current 

Character 
of the 
period of 
low-level 
current

Time of freeze-up Duration of the period of 
no current 

Index 

Category Value, 
month

Category Category Value, 
month

Category Value, 
month

1 Long Over 2 Steady Long Over 5 Long Over 1 

2 — — — Medium From 2 to 5 — — 

3 Short Up to 2 Irregular Short Up to 2 Short Up to 1 

Current velocity Level fluctuation Water temperature Index 

Category Value, 
m/s

Category Value, m Category Value,0C

1 Low Up to 0.2 High Over 2 High Over 15 

2 Medium From 0.2 to 
1.0

Medium From 1 to 2 Medium From 10 to 15 

3 High Over 1.0 Low Up to 1 Low Up to 10 

Table 2.1.8 
Typology of water cur-
rents according to the 
character of the period 
of little water

Table 2.1.9 
Typology of water cur-
rents according to the 
hydrological conditions

The water current with the sum of indices from 3 to 4 is referred to as class 1, with the sum of indices from 5 
to 7 as class 2.

The rivers with the sum of indices from 2 to 5 are referred to as class 1, with the sum of indices from 6 to 12 
as class 2.

The rivers with the sum of indices from 3 to 4 are referred to as class 1, with the sum of indices from 5 to 17 
as class 2, with the sum of indices from 8 to 9 as class 3.
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The rivers with the sum of indices from 2 to 3 are 
regarded as class 1, with the sum of indices from 4 
to 5 as class 4, with the sum of indices from 6 to 7 
as class 6.
The sum of classes are defi ned through the sum of 
corresponding classes from Tables 2 – 4.

Sum of classes Type Subtype 

Up to 5 I A 

From 6 to 7 I B 

8 II A 

From 9 to 10 II B 

11 III A 

From 12 to 13 III B 

River of the pilot 
water catchment 

Height typology Size typology Geology 

1. Mamonovka Lowland 0-50 m Small Organo siliceous 

2. Ovsyanka Lowland Small Siliceous 

3. Vitushka Lowland 0-150 m Small Organo siliceous 

4. Lava Lowland Small Siliceous 

5. Ignatievka Lowland 0-150 m Small Siliceous 

6. Goluba Lowland Small Siliceous 

The comparison of the national classifi cation 
system with the EU WFD typology (System A)
The altitude typology is not indicated in the national 
standard. Both systems have the size typology 
based on the area of water catchment. The other cri-
teria of the national typology can be compared with 
the “Additional Factors” of the system B.

Geology
The national system does not divide rivers according 
to their geological attributes.

The Mamonovka River Water Catchment Area

Table 2.1.11
Types of water currents

Table 2.1.12 
The EU Water Frame-
work Directive. Typol-
ogy A for Ecoregion 
– 15 (Baltic Province).
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The Water Typology of the Pilot Water Catch-
ment on the Basis of Salinity

It is not obligatory in the national standard.
• Type of waters – hydrocarbonate
• HCO3

- >SO4 
2->CI-

• Type of waters – calcium
 Ca2+>Na2+ K+>Mg2+

• Salt load – medium

The National typology of Rivers in the 
Pilot Water Catchment

Eco-region: I Baltic (Kaliningrad) hydrographic 
region.

According to the national typology, all the rivers of 
the Mamonovka water catchment are referred to as 
small. Thus, according to the national typology, all 
the rivers in the water catchment are related to Type 
III and Subtype B.

Figure 2.1.7 
River typology in the 
catchment of the ma-
monovka river basin.
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2.1.6 Laholm 
 

For the moment (March 2004) Sweden has not 
decided fi nally on how to typologize lakes and riv-
ers. It seems clear, however, that system B according 
to the EC Water Framework Directive (WFD) will be 
chosen. There are two proposals, differing regard-
ing the differentiation in ecoregion/altitude, and 
also regarding size and depth classes for lakes. For 
the work within BERNET Catch a proposal (Fölster 
et al. 2003) from the Department of Environmental 
Assessment will be used.

The suggested descriptors are presented in Table 
2.1.13. The descriptors have been tested against data 
from the Swedish national lake and stream surveys 
of 1995 and 2000, which included investigations of 
both water chemistry and benthic macrofauna. 

Regarding altitude, the highest coastline since the 
last glaciation (HC) can be used as an alternative to 
the 200 m limit. In areas below HC, geology, and 

thereby also lake and river morphometry, and water 
chemistry, is quite different compared to higher ele-
vated areas. HC is also an important factor for fi sh 
populations and can be related to migration history. 
Differences in fi sh populations between the west-
ern and eastern parts of the coastal plain, with run-
off to Kattegat-Skagerak and to the Baltic Proper, 
respectively, have also brought up a question if it is 
not necessary to split the coastal plain into two sub-
ecoregions.

Table 2.1.13 
Suggested descriptors 
for rivers in Sweden..

Ecoregion/ altitude Borealic Upland 

 Fenno-Scandian Shield <200 m 

 Fenno-Scandian Shield >200 m 

 Central plain 

Size River catchment area

 10-100 km2

 100-1000 km2

 >1000 km2

 >10 km2

  Water chemistry indicators*: 

Geology Siliceous Ca < 0.5 meq L-1, AbsF < 0.06 

 Organic Ca < 0.5 meq L-1, AbsF > 0.06 

 Calcareous Ca > 0.5 meq L-1, AbsF < 0.06 

 Organic/Calcareous Ca > 0.5 meq L-1, AbsF > 0.06 

* AbsF 0.06 approximately equals a water colour of 30 mg Pt L-1 

River type Description of the type and number of river stretches in the River 
Stensån pilot catchment 

1 (V312) Small, humic catchments on the Central Plain (9) 

2 (V314) Small, humic/calcareous catchments on the Central Plain (1) 

Table 2.1.14 
Description of river 
types.

Figure 2.1.8 
River types in the River 
Stensån pilot catch-
ment.
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Table 2.1.15  
Description of prelimi-
nary river water bodies.

Number Name River type 

1 River Stensån (river mouth-Åstarp bridge) V314 

11 Stream Örebäcken V312 

12 Stream Dalabäcken-Svinamadsbäcken) V312 

2 River Stensån (Åstarp bridge-Lake Sjöaltesjön) V312 

21 Stream Eglabäcken V312 

22 Stream Klippebäcken V312 

23 Stream Lilla Stensån V312 

231 Stream V312

3 River Stensån (Lake Sjöaltesjön-Lake Vemmentorpasjön) V312 

4 River Stensån (Lake Vemmentorpasjön-Lake Vitasjö) V312 

Figure 2.1.9 
Map showing the 
preliminary river water 
bodies within River 
Stensån. The numbers 
refer to Table 2.1.15. 

Typology of rivers in River Stensån
The pilot catchment is characterised by a variable 
topography and a rapid change in elevation from 
Hallandsås down to the coastal area. Large parts 
are situated above the highest coastline (HC), and 
HC might be an important descriptor in the typing 
system. This has to be tested further on, but for the 
time being the whole catchment is treated as one 
region.

The number of river types is decided by geol-
ogy, as the other descriptors are the same for all 

river stretches (Figure 2.1.8, Table 2.1.14). Based on 
available water chemistry data (before liming activi-
ties started), only the coastal part of the main river 
is assessed as organic/calcareous according to 
the defi nition in table 1. The rest can be considered 
organic.

River Stensån has preliminary been divided into ten 
water bodies, four in the main stream and six tribu-
taries (Figure 2.1.9. Table 2.1.15). The catchment size 
limit of 10 km2 means that some small streams, with 
documented high biological values, are excluded so 
far.



Parameter Low High 

Alkalinity (meq/l) <0.2  0.2 

Colour (mg Pt/l) <60  60 

Salinity (‰) <0.5  0.5 

Mean depth (m)  3.0 >3.0 

Type no. Alkalinity Colour Salinity Depth No. of lakes 

9 High Low Low Low Most 

10 High Low Low Deep Approx. 5 

11 High Low High Low Few/none 

13 High High High Low Few/none 

6 Low High Low Deep Few 

2. TYPOLOGY OF SURFACE WATERS

23

2.2 Lakes

2.2.1 Fyn County 

Introduction
Denmark has few large lakes, but many small lakes 
and ponds. Due to agricultural development, many 
– even relatively large – lakes and ponds have been 
drained and the reclaimed land cultivated.

There are nowadays about 8900 lakes and ponds 
larger than 100 m2 in Fyn County and, thus, cov-
ered by the “Protection of Nature Act”. These water 
bodies are generally very small, only one lake being 
larger than 0.1 km2. Although most of the small lakes 
and ponds are man-made, they are important natu-
ral elements in the very culturally infl uenced Danish 
landscape. For example, the small lakes and ponds 
together contain more species of macroinvertebrates 
such as worms, snails, mussels, crustaceans and 
insects than both the large lakes and watercourses. 
The lakes and ponds are generally highly eutrophi-
cated due to both leakages of nutrients from agricul-
ture and wastewater discharges.

Typology
Differentiation of lake types can be carried out 
using the typology “System A” (with the descrip-
tors ecoregion, altitude, mean depth, surface area, 
and geology) or “System B” (obligatory and optional 
physical-chemical factors), i.e. Annex II of the WFD. 
As system A may seem relatively complicated, 
exclude both climate and conductivity that may be 
of greater importance than the geographical factors, 

and as Annex II suggest a lower size limit of 0.5 km2 
that would exclude most Danish lakes, Denmark has 
chosen system B that is more fl exible, simple, practi-
cal, and that permits inclusion of smaller lakes.

Sixteen types of lakes are identifi ed using alkalinity, 
salinity, colour (describing the content of humus sub-
stances), and mean water depth as descriptors (Table 
2.2.1). Two types of freshwater lakes account for about 
¾ of all Danish lakes: (1) the high-alkaline, non-humic, 
and shallow type, and (2) the high-alkaline, non-
humic, deep type. The descriptors have been carefully 
selected based on analyses of physical, chemical and 
biological data from about 1000 Danish lakes. 

Lake size is not included among the typology 
descriptors, although size matters in many ways. 
Thus, fi sh are often absent in small lakes and ponds, 
turbidity may increase with lake size in shallow lakes, 
and small lakes are relatively more in contact with the 
surrounding land than are large lakes. Guidance Doc-
ument 2.3 (Reference conditions for inland surface 
waters; REFCON) consequently states that Member 
States can decide that also smaller water bodies are 
so important that they may be individually identifi ed.

Denmark has decided to include those lakes in the 
typology that are assigned a specifi c environmen-
tal objective in current Regional Plans (each with an 
incorporated “water quality plan”). Thus, there is no 
size limit of the lakes that may be included in the typol-
ogy.

Not all the 16 theoretical lakes types are found in 
practice. Thus, eleven may be found in Denmark in 
general, and only fi ve of these are relevant in OFRB 
and Fyn County (Table 2.2.2).

Table 2.2.1 
Typology parameters 
applied to Danish 
lakes larger than 5 ha. 
Combination of all four 
parameters results in 
16 theoretical types, of 
which however only 11 
occur in practice.

Table 2.2.2.
Lake types in the 
Odense Fjord River 
Basin according to the 
adjusted Danish system



1.
Mountain 
lakes 

2. Eutrophic lakes 

3. Limestone lakes 

4.
<40 km2

6.
<5 km2

 7. 
5 - 40 km2

9.
< 5 km2

10.
> 5 km2

8.
> 40 km2

5.
>40 km2

Typology of Finnish lakes 

Other lakes

Other lakes 

Other lakes 

Oligohumic 
colour (Md) <30 

Polyhumic 
colour (Md) >90 

Mesohumic  
colour (Md) 30-90 
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2.2.2 West Finland 

Finnish approach to the typology of lakes
A proposal for the Finnish surface water typology 
was made in 2002, in accordance with the EC Water 
Framework Directive (WFD). This typology has been 
used and tested in developing an ecological classifi -
cation system in Finland. During the spring 2004, the 

proposed typology was on a hearing round. Based 
on the results from this hearing, some new elements 
in the typology have been put forward. Within the 
Bernet Catch-project we have decided to present the 
original proposal for surface water and lake typology, 
since it is uncertain at this point (20.5.2004) whether 
the new elements will be adopted or not. However, 
in this paper we will briefl y take a look at some of the 
possible changes to the preliminary typology. At this 

Figure 2.2.1 
The Finnish lake typol-
ogy

Code Name Factors 

1 Mountain lakes Altitude 

2 Eutrophic lakes natural nutrient 
concentration 

3 Limestone lakes calcium carbonate 
concentration 

Area 

km2

Colour 

mg Pt/l 

4 Small and medium sized, oligohumic lakes < 40 < 30 

5 Large, oligohumic lakes > 40 < 30 

6 Small, mesohumic lakes < 5 30 – 90 

7 Medium sized, mesohumic lakes 5 - 40 30 – 90 

8 Large, mesohumic lakes > 40 30 – 90 

9 Small, polyhumic lakes < 5 > 90 

10 Medium sized and large, polyhumic lakes > 5 > 90 

Table 2.2.3 
Lake types of Finland. 
Preliminary typology 
from 2002
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point we would like to stress that the present typol-
ogy is still preliminary, and will not necessarily be the 
offi cial one.

The typology of surface waters, based on geo-
logical, geographical and physic-chemical factors, 
is a diffi cult task. The aim is to develop surface 
water types to which reliable reference conditions 
can be design and which will function as the basis 
for the ecological classifi cation. For nature, a typol-
ogy is always in one form or another artifi cial. Some 
facts, however, argue for the use of typology as a 
tool. A typology gives the opportunity to compare 
two or more similar water bodies. This is important 
especially when changes in the water quality due to 
human activities are to be evaluate.

Lake types of Finland

Factors for typology of Lakes
In the typology of lakes, the primary factors are alti-
tude, humus content or colour (noted as organic 
geology in the directive) and size (surface area of 
the lake). In addition to this it has been argued that 
water routes should be used as a criteria for typol-
ogy (proposed change during spring 2004). At this 
point the colour of water is still used as a typology 
factor, although this factor has been criticized for 
being easily infl uenced by human activities. Instead, 
the soil type has been suggested an indicator of 
organic geology of the area. Additionally, the lake 
types 4, 6, 7, 9 and 10 can be divided into subtypes 
according to temperature stratifi cation (yes/no). 
Note that only lakes with an area >50 ha has been a 
subject for typology in Finland.

Size
The size of a lake has a signifi cant impact on the 
physic-chemical, hydromorphological and biologi-
cal features. The size classes in the typology of the 
Finnish lakes are presented in Table 2.2.3 and Figure 
2.2.1. 

Below are some points concerning the importance 
of the lake size: 
• the larger the lake, the smaller the proportion of 

shore line compared to the surface area of the 
watercourse; this infl uences the biological produc-
tion, biological diversity and stability

• the size of the lake infl uences the stratifi cation and 
mixing conditions of the water column

• the size is also of importance in the temperature 
changes in the water course

• a large lake size also affects the biological diversity 

and the possibility of occurrence of glacial relicts
• a large lake ecosystem is more stable than a small 

system
As generally known one can argue that large lakes 
are also deeper than small lakes, it is evident that the 
size and depth of lakes are not totally independent as 
typology factors. 

Humus content
In the directive, one of the factors for characterizing 
the surface water types is the organic geology of the 
area. If you know the natural humus content of the 
water you can use this to evaluate the organic geol-
ogy of the area. The humus content of the water is 
one of the ecological factors of the lake water. The 
humus content is measured by the colour of the 
water.

The problem with water colour is to determine the 
natural value of the colour, because the colour is also 
infl uenced by weather conditions and human activi-
ties. 

The colour-classes of the lakes are presented in 
Table 2.2.3 and Figure 2.2.1. 

Below some points concerning the importance of 
the water colour:
• The depth of the productive layer is highly depend-

ent on the visibility and thus the water colour
• a temperature stratifi cation is often formed fast in 

polyhumic lakes when the temperature rises
• a high humus concentration increases the oxygen 

consumption. Humus-particles often increases the 
risk of acidity and the bioavailability of nutrients

The highest humus contents often occur in small 

Figure 2.2.2 
The colour of the lakes 
versus the area in 
hectares. The colour is 
indicated on the y-axis, 
and the surface area 
(hectares) of the lake 
on the x-axis.
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lakes (< 30 km2), typically upstream in the catch-
ment. In large lakes the humus content is fairly mod-
erate (colour <90 Pt/l) as seen in Figure 2.2.2.

Route waters
In Finland a signifi cant part of the lakes are con-
nected to each other either directly by straits or by 
short parts with running water. These so called route 
waters are often joined in a central lake. A majority of 
the country belongs to areas with route waters. An 
exception is the coastal areas and the central parts 
of Lapland where lakes are more rare. Due to the 
large number of route waters and their versatility their 

characteristics vary from case to case. 

Below are (still) some characteristics typical for route 
waters:
• the catchment is large compared to the surface 

area of the lake itself 
• the infl uence of the catchment far from the lake is 

high
• the theoretical retention time is short
• the length of the shore line is high compared to the 

surface area of the lake itself
• he route waters have open connections to neigh-

bouring lakes

Name Size, hectares Type number 

Lake Mustajärvi 166 Small and medium sized, oligohumic lakes 

Lake Korvajärvi 74 Small, mesohumic lakes 

Lake Lavajärvi 84 Small, mesohumic lakes 

Lake Korhosjärvi 161 Small, mesohumic lakes 

Lake Kauhajärvi 102 Small, polyhumic lakes 

Lake Ojajärvi 73 Small, polyhumic lakes 

Lake Iso Madesjärvi 139 Small, polyhumic lakes 

Lake Vähä Madesjärvi 57 Small, polyhumic lakes 

Lake Hirvijärvi 110 Small, polyhumic lakes 

Lake Pitkämön (man made lake) 100 Small, polyhumic lakes 

Lake Valkiajärvi 65 Small, polyhumic lakes 

Lake Pääjärvi 153 Small, polyhumic lakes 

Lake Rummukkajärvi 71 Small, polyhumic lakes 

Lake Jalasjärvi 135 Small, polyhumic lakes 

Lake Ikkeläjärvi 354 Small, polyhumic lakes 

Lake Hirvijärvi 96 Small, polyhumic lakes 

Lake Liikapuro (man made lake) 253 Small, polyhumic lakes 

Lake Kurjenjärvi 244 Small, polyhumic lakes 

Lake Kotilammi 104 Small, polyhumic lakes 

Iso Somerojärvi 88 Small, polyhumic lakes 

Lake Juupajärvi 52 Small, polyhumic lakes 

Lake Seinäjärvi 863 Medium sized and large, polyhumic lakes 

Lake Kalajärvi (man made lake) 1104 Medium sized and large, polyhumic lakes 

Lake Kyrkösjärvi (man made lake) 591 Medium sized and large, polyhumic lakes 

Table 2.2.4 
Lakes of the pilot 
river catchment, River 
Kyrönjoki



German Lowlands 

high
Ca >= 15 mg/l

relatively small
catchment area 

ratio < 1.5

relatively large
catchment area 

ratio > 1.5

stratified not
stratified

stratified not
stratified

>30d 3-30d

10 11 12 13 14

special
types

S

� water retention time:� water retention time:

� ratio of the catchment
area and lake volume:

� ratio of the catchment
area and lake volume:

� thermal stratification:� thermal stratification:

Lake Type

� carbonate concentration:� carbonate concentration:

� Ecoregion/Altitude:� Ecoregion/Altitude:
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Figure 2.2.3 
German approach for 
the typology of lakes 
developed by the LAWA-
working group, applied 
to the lowland region of 
Schleswig-Holstein

Lake types in pilot river area (catchment of 
River Kyrönjoki)

A total of 148 lakes is found in the pilot catchment 
area of River Kyrönjoki. In Table 2.2.4 the WFD-lakes 
with a surface area >50 ha are presented. Totally 24 
lakes over 50 hectares which represents four types 
of lakes are found in the catchment of the river. The 
types represent the meso- or polyhumic lakes. The 
smaller lakes have not yet been a subject for typol-
ogy.

2.2.3 Schleswig-Holstein 

Introduction
According to the water framework directive for all 
standing waters with a water surface area of more 
than 50 hectares lake types have to be defi ned. 

For Germany, a typology system has been devel-
oped for lakes by a national working group, con-
sisting of experts from governmental institutions of 
the federal states of Germany (LAWA). The German 
typology is based partly on system A but mostly on 

system B of the WFD. Obligatory factors used for 
typology are the location of the ecoregion (altitude, 
latitude, longitude) and the geological infl uence of the 
catchment area with respect to the calcium carbon-
ate concentration. Additionally, mean water depth, 
mixing characteristics and retention time were used 
as optional factors. Currently 14 preliminary abiotic 
lake types have been proposed on a national level. 
Figure 2.2.3 shows the typology tree applied to the 
lowland region of Schleswig-Holstein resulting in 5 
main lake types, which are described in more detail 
in the following paragraph.

Typology of lakes in Schleswig-Holstein applied 
to the river basin district „Schlei-Trave“
Due to glacial activities during the ice age the land-
scape of Schleswig-Holstein is characterised gener-
ally by a high amount of lakes, approximately 300 
in total number. But only 65 of them with a water 
surface area of more than 50 hectares are mainly 
relevant for the WFD. Most lakes (46) are located in 
the river basin district „Schlei-Trave“, situated in the 
Northwest of the county of Schleswig-Holstein, in 
the ecoregion 14 „Central Plains“ (see also map of 
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Lake
type 

Description of the lake type  number 
of lakes 
(PRB) 

Lakes in the PRB „Schlei-
Trave” 

Type 10 calcareous lakes, relatively large catchment area, 
thermal stratified  

11 Lake Behler See 
Lake Belauer See 
Lake Dieksee 
Lake Gr. Küchensee 
Lake Gr. Ratzeburger See 
Lake Kellersee 
Lake Kl. Plöner See 
Lake Langsee 
Lake Stolper See 
Lake Tresdorfer See 
Lake Vierer See 

Type 11 calcareous lakes, relatively large catchment area, 
thermal unstratified, retention time > 30 days 

14 Lake Bornhöveder See 
Lake Drüsensee 
Lake Gr. Eutiner See 
Lake Lankersee 
Lake Mözener See 
Lake Neversdorfer See 
Lake Passader See 
Lake Postsee 
Lake Schmalensee 
Lake Seedorfer See 
Lake Sibbersdorfer See 
Lake Stendorfer See 
Lake Süseler See 
Lake Wardersee 

Type 12 calcareous (riverine) lakes, relatively large catchment 
area, thermal unstratified, retention time 3-30 days 

2 Lake Barkauer See 
Lake Schwentine-See 

Type 13 calcareous lakes, relatively small catchment area, 
thermal stratified 

10 Lake Behlendorfer See 
Lake Gr. Plöner See 
Lake Gr. Pönitzer See 
Lake Gr. Segeberger See 
Lake Schluensee 
Lake Schöhsee 
Lake Selenter See 
Lake Stocksee 
Lake Suhrer See 
Lake Trammer See 

Type 14 calcareous lakes, relatively small catchment area, 
thermal unstratified 

2 Lake Dobersdorfer See 
Lake Hemmelsdorfer See 

not yet 
defined 

brackish lakes at the baltic sea coast 6 Lake Großer Binnensee 
Lake Hemmelmarker See 
Lake Neustädter Binnenwasser 
Lake Schwansener See 
Lake Sehlendorfer Binnensee 
Lake Windebyer Noor 

not yet 
defined 

humic lakes 1 Lake Gudower See 

Table 2.2.5 
in the pilot river basin 
Schlei-Trave (ecoregion 
German lowlands).
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Figure 2.3.4). The catchment of the river basin com-
prises an area of 5305 km² that is drained directly 
into the western part of the Baltic Sea. For lakes 
in the German lowlands mainly hydromorphologi-
cal characteristics were used to fi nd different type 
classes (see Figure 2.2.3):
• The impact of the catchment area on lake water 

quality is considered by the ratio of the catchment 
area size to the lake volume: Lakes with a relatively 
large catchment area in relation to the lake water 
volume are separated from those with a relative 
small catchment area by a boundary value of 1.5. 

• The morphology of lakes (mean water depth) is 
refl ected by the occurrence or absence of ther-
mal stratifi cation at the deepest point of the lake in 
summer.

• For the type of riverine lakes a retention time 
between 3 and 30 days was defi ned to separate 
them from other unstratifi ed lakes with a large 
catchment area.

According to those hydromorphological and 
physico-chemical characteristics of the german 
approach, most of the lakes in the river basin district 
„Schlei-Trave“ can be arranged in the 5 lake types 

shown in Table 2.2.5 below.
Additionally there are some special lake types, 

which are not yet included in the offi cial lake typol-
ogy of Germany. 

First there are brackish lakes along the coastline 
which are more or less infl uenced by salt water infl ux 
and effl ux. Furthermore there are a smaller number 
of lakes with high concentrations of organic matter 
(yellow substances) draining marshy areas. Both, 
brackish and humic lakes have to be set up in a sep-
arate category of lake types in the future. 

2.2.4 Gdansk 

There are 170 lakes in the region with an area above 
0.01 km2. Most of lakes are located in the Pasleka 
and south part of Nogat sub-basins.

The largest lakes in the region are the ones located 
in the Pasleka sub-basin: Narie lake with the surface 
area of 12.7 km2 and Wulpinskie lake of 7.3 km2. The 
Druzno lake in the Elblag river sub-basin with the 
area of 11.4 km2 and the Dzierzgon lake in the Nogat 
river sub-basin with the area of 8.1 km2. However the 

Number of Lakes [km2]Sub-basin 

0.01 - 0.1 0.1 - 1.0 1.0 - 10 

Largest lakes 

Elblag 7 8 0 Druzno 11.4 km2

Nogat 30 19 6 Dzierzgon 8.1 km2

Pasleka 68 22 8 Narie 12.7 km2

Wulpinskie 7.3 km2

Fixed typology  Descriptors  No. of WB 

Ecoregion  Eastern plains  

Type Altitude typology 
lowland: <200 m 14

Depth typology based on mean depth 
<3 m 
3 to 15 m 
>15 m 

3
10
 1 

Size typology based on surface area 
 0,5 to 1 km2

 1 to 10 km2

10 to 100 km2

5
8
1

Geology 
siliceous 
organic 

11
3

Table 2.2.6 
Size distribution of 
lakes in the Gdansk 
region.

Table 2.2.7 
Lake types in the 
Pasleka river sub-basin 
according to the polish 
typology system.
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biggest lake in the region is the Vistula Lagoon itself. 
This is an example of a brackish coastal lake with the 
total area of 838 km2 and the average depth of 2.7 
m. The salinity of the lagoon depends on the infl ows 
of the Baltic water through the only strait. Due to this 
fact the Polish part of the lagoon has the highest 
concentration of salt in the border part (3.9-5.0 ‰) 
and the lowest (1.0-3.4 ‰), close to the mouth of 
the Elblag River. For instance, in 1998 the salinity 
varied between 0.4 to 4.2 ‰ and the average was 
2.53 ‰.

Preliminary identifi cation of lakes located in the 
Pasleka river sub-basin allowed a selection of 14 
water bodies based on System A.

Transitional water bodies
Offi cially the Vistula Lagoon is identifi ed as tran-
sitional water body. However it is rather brackish 
coastal lake.

Artifi cial and heavily modifi ed water bodies
Only Pierzchaly reservoir is offi cially identifi ed as arti-
fi cial water body in the Pasleka river sub-basin. How-
ever there is a question whether such small reservoir 
located in a deep intermoraine river valley with very 
short retention time should be regarded as artifi cial 
one or rather as heavily modifi ed one.

2.2.5 Kaliningrad 

The classifi cation of water bodies is based on the 
national standard 17.1.1.02-77 (tables 2.2.8 - 2.2.11). 

The water body with the sum of indices from 3 to 4 
is referred to as class 1, from 5 to 7 as class 6, from 8 
to 10 as class 11, and from 11 to 12 as class 15.

The water body with the sum of indices from 2 to 4 
is referred to as class 1; from 5 to 7 as class 2; from 
8 to 11 as class 3.

Surface area Volume Maximum depth Index 

Category Value, km2 Category Value,  thou.km3 Category Value, m 

1 Very large Over 1,000 Very large Over 10.0 Large Over 50 

2 Large From 101 to 1,000 Large From 1.1 to 10.0 Medium From 11 to 50 

3 Medium From 10 to 100 Medium From 0.5 to 1.0 Small From 5 to 10 

4 Small Up to 10 Small Up to 0.5 Very small Up to 5 

Level fluctuation Water temperature Time of freeze-up Index 

Category Value, m Category Value,0�  Category Value, 
th

1 Large Over 20 High Over 25 Long Over 5 

2 — — Medium From 20 to 25 Medium From 2 to 5 

3 Medium From 3 to 20 Low Up to 20 Short Up to 2  

4 — — — — — — 

5 Small Up to 3 — — — — 

Vertical circulation Water exchange Index Stratification 

Category Value one 
time a 
year

Lake
character 

Streamflow 
regulation 

water storage 
m

Category Value per 
year

1 Stratified Weak Up to 2 Closed lake Longstanding Slow Up to 0.1 

2 Unstratified Moderate 2 Open lake Seasonal Moderate From 0.1 
t 5 0

3 — Intensive Over 2 Running-
t l k

Weekly, daily Intensive Over 5 

Table 2.2.8 
Typology based on 
morphometric at-
tributes in the Kalinin-
grad region.

Table 2.2.9 
Typology according to 
the hydrological condi-
tions in the Kaliningrad 
region.

Table 2.2.10 
Typology of lakes ac-
cording to the water 
exchange conditions in 
the Kaliningrad region.
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Sum of classes Type Subtype 

Up to 5 I A 

From 6 to 9 I B 

« 10  «  11 II A 

« 12  «  14 II B 

« 15  «  16 III A 

« 17 «  19 III B 

« 20  «  21 IV A 

« 22  «  23 IV B 

Table 2.2.11 
Overview about the 
lake types in the Kalin-
ingrad region resulting 
from the tables above 
(Table 2.2.8-10).

The water body with the sum of indices from 4 to 5 
is referred to as class 1; from 6 to 8 as class 2; from 
9 to 11 as class 3.

Depending on the sum of indices, all water bodies 
in Russia are divided into four types, every type is 
subdivided into two subtypes.

There are two artifi cial ponds in the territory of the 
pilot catchment which are of recreational importance. 
The water surface area is 0.03 and 0.05 km2. Due to 
the lack of the necessary information, it is impossible 
to indicate the typology of lakes.

2.2.6 Laholm 

For the moment (March 2004) Sweden has not 
decided fi nally on how to type lakes and rivers. It 
seems clear, however, that system B according to the 
EC Water Framework Directive (WFD) will be chosen. 
There are two proposals, differing regarding the dif-
ferentiation in ecoregion/altitude, and also regarding 
size and depth classes for lakes. For the work within 
BERNET Catch a proposal (Fölster et al. 2003) from 
the Department of Environmental Assessment will 
be used.

The suggested descriptors are presented in Table 
2.2.12. The descriptors have been tested against data 

from the Swedish national lake and stream surveys 
of 1995 and 2000, which included investigations of 
both water chemistry and benthic macrofauna. 

Regarding altitude, the highest coastline since the 
last glaciation (HC) can be used as an alternative to 
the 200 m limit. In areas below HC, geology, and 
thereby also lake and river morphometry, and water 
chemistry, is quite different compared to higher ele-
vated areas. HC is also an important factor for fi sh 
populations and can be related to migration history. 
Differences in fi sh populations between the west-
ern and eastern parts of the coastal plain, with run-
off to Kattegat-Skagerak and to the Baltic Proper, 
respectively, have also brought up a question if it is 
not necessary to split the coastal plain into two sub-

Ecoregion/ Borealic Upland 

altitude Fenno-Scandian Shield <200 m 

 Fenno-Scandian Shield >200 m 

 Central plain 

Size Lake area

 <0.5 km2

 0.5-2 km2

 2-10 km2

 >10 km2

Depth <3 m 

�3 m 

  Water chemistry indicators*: 

Geology Siliceous Ca < 0.5 meq L-1, AbsF < 0.06 

 Organic Ca < 0.5 meq L-1, AbsF > 0.06 

 Calcareous Ca > 0.5 meq L-1, AbsF < 0.06 

 Organic/Calcareous Ca > 0.5 meq L-1, AbsF > 0.06 

* AbsF 0.06 approximately equals a water colour of 30 mg Pt L-1

Table 2.2.12 
Suggested descriptors 
for lakes in Sweden.



Lake type Description of the type and number 
of lakes in the River Stensån pilot 
catchment 

1 (S3112) Humic, very small and shallow (not 
stratified) lakes (>190) 

2 (S3212) Humic, very small and deep 
(stratified) lakes (<10) 

3 (S3112) Humic, small and shallow (not 
stratified) lakes (2) 

4 (S3113) Calcareous, small and shallow (not 
stratified) lakes (50-75) 

Central plain

≥3 m

<0.5 km2

Organic

<3 m <3 m

0.5-2 km2

1 2 3

Ecoregion/Altitude

Geology

Lake size

Depth

Lake type

Calcareous

<0.5 km2

<3 m

4
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miss water chemistry data as well as information on 
morphometry. Based on the information available, it 
seems probable that all water bodies above HC could 
be considered organic with respect to geology. Most 
of the lakes are likely to be relatively shallow, and less 
than ten are estimated to have a mean depth larger 
than 3 meters. All together these assumptions result 
in four lake types within the River Stensån catchment 
(Figure 2.2.4, Table 2.2.13).

Although many of the small lakes and ponds may 
have signifi cant biological values, it is not possible 
to investigate each individual water body. Setting 
an extra, lower size limit, e.g 1 hectare, could be a 
practical solution (which would restrict the number of 
lakes to 20). Otherwise, it will be necessary to treat 
those small lakes as groups.

2.3 Coastal waters
2.3.1 Fyn County 

Fyn County comprises some 90 islands and, there-
fore, has a considerable length of coastline; approx. 
1.100 km in total. This is equivalent to 0.33 km per 
km2 land compared to 0.17 km/km2 for Denmark as 
a whole. 

Fyn’s coastal areas comprise many different types 
of marine areas, from open coastal waters and chan-
nels of signifi cant depth, to extensive shallow water 
regions, and enclosed fjords and coves. The tidal 
range is typically small, some 25 cm on northern 
Fyn, where the BERNET Catch study area Odense 
Fjord is located, to 5 cm in the southern part. 

The construction of dikes, embankments, and 
drainage channels in order to reclaim land has sig-
nifi cantly reduced the number and total area of fjords 
and coves since the middle of the 1800s.

Ecoregion
The Danish coastal waters are located within two of 
the ecoregions defi ned in the WFD, the northeastern 
Atlantic Sea incl. the North Sea and the Baltic Sea 
(cf. WFD Annex XI, map B). The boundary between 
the two regions runs from Sjællands Odde through 
the southern Kattegat to Djursland. In the Habitats 
Directive, the boundary between the Atlantic biore-
gion and the Baltic bioregion runs along the Weich-
sel ice front line, i.e. from Hirtshals to the southern 
coast of Norway. In the context of both the WFD and 
the Habitats Directive, Odense Fjord and the coastal 
waters around Fyn will thus belong to Ecoregion 5, 
the Baltic Sea ecoregion (but with close association 

Table 2.2.13
Description of lake 
types in the River Sten-
sån pilot catchment.

Figure 2.2.4 
Lake types in the River 
Stensån pilot catch-
ment.

ecoregions.
According to the WFD (System A) only lakes larger 

than 0.5 km2 should be included in the typology. For 
Sweden this would mean that more than 90 % of the 
lakes larger than two hectares are left outside the 
system. These small lakes constitute a great national 
resource. It is therefore suggested that these lakes 
should be included in the work by the water district 
authorities, but that they are not reported to the EU.

The suggested typology (Table 2.2.12) includes 
96 theoretical lake types (128 if lakes <0.5 km2 are 
included). If lake types with less than ten objects are 
removed from the typology, 47 types remain. 

Typology of lakes in River Stensån
The pilot catchment is characterised by a variable 
topography and a rapid change in elevation from 
Hallandsås down to the coastal area. Large parts 
are situated above the highest coastline (HC), and 
HC might be an important descriptor in the typing 
system. This has to be tested further on, but for the 
time being the whole catchment is treated as one 
region.

The total number of lakes and ponds is about 275. 
Many of the small ponds are manmade (e.g. marl 
ponds and fi shponds). Twenty lakes are larger than 
1 hectare, and only two are larger than 0.5 km2. For 
a vast majority of the smaller lakes and ponds we 



Ecoregion Baltic Sea, the southern 

Sound and Belt Sea 

North Sea, Kattegat, the northern Sound and Belt Sea 

Salinity Mesohaline 

5<S<18 

Polyhaline 

18<S<30 

Euhaline 

S>30 

Tidal water < 1m < 1m < 1m < 1m 1-5 m 1-5 m 

Exposure sheltered exposed sheltered sheltered exposed sheltered 

Depth shallow shallow shallow shallow shallow shallow 

Description 

of Area 

S of Great 

Belt Bridge 

and Little 

Belt Bridge 

and the 

Sound S of 

Drogden

Open coasts 

in western 

part of Baltic 

Sea and 

Bornholm 

N of Great 

Belt Bridge 

and Little Belt 

Bridge and 

the Sound N 

of Drogden 

Kattegat N 

of Zealand 

and the 

central 

Sound 

West coast 

of Jutland 

Wadden Sea 

DK name OW3 OW3 OW2 OW1 OW4 OW5 

EU name B5 B6 NEA8 - NEA1 NEA26 

Salinity Oligohaline 

S<5

Mesohaline 

5<S<18 

Polyhaline 

18<S<30 

varia- 

ble 

Mixing 

conditions 

Stratified 

S>1 

Mixed 

S<1 

Stratified 

S>1 

Mixed 

S<1 

Stratified 

S>1 

Mixed 

S<1 

-

Run-off 

index, Ri 

Ri<

0.1 

Ri>

0.1 

Ri<

0.1 

Ri>

0.1 

Ri<

0.1 

Ri>

0.1 

Ri<

0.1 

Ri>

0.1 

Ri<

0.1 

Ri>

0.1 

Ri<

0.1 

Ri>

0.1 

-

DK name O1 O3 O2 O4 M1 M3 M2 M4 P1 P3 P2 P4 Sluice 

fjord 

EU name Trans Trans Trans Trans B12 B12 B12 B12 NEA8 NEA8 NEA8 NEA8 - 
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with the North Sea ecoregion in the context of the 
WFD). The international marine convention OSPAR 
encompasses both open marine waters and fjords, 
while the Helsinki Convention only encompasses 
open marine waters. In Danish marine waters the 
OSPAR Convention encompasses the area north 
of the WFD outer boundary (North Sea ecoregion), 
while the Helsinki Convention encompasses the 
Baltic Sea region as well as the whole of the Kattegat 
up to a line between Skagen and the western coast 
of Sweden at Gothenburg. The two conventions thus 
overlap in the Kattegat area.

Danish typology
The provisional national proposal for a typology of 
coastal waters follows System B, and has thus been 
determined in relation to the two ecoregions using 
the obligatory factors salinity and tidal water range 
and the selected optional factors wave exposure 
and depth (Table 2.3.1). The WFD preceribes that 
a salinity of 18 PSU separates the mesohaline from 
the polyhaline type. It has been chosen to include an 
euhaline category in Danish coastal waters, because 
this threshold separates the socalled Macoma com-
munity from the Amphiura community, one of the few 
sharp thresholds between bottom fauna communi-

Table 2.3.1 
Danish typology of 
open coastal waters 
(including coupling to 
the overall EU inter-
calibration typology). 
Based on information in 
Christiansen (2005)

Table 2.3.2 
Danish typology of 
fjords (including cou-
pling to the overall EU 
intercalibration typol-
ogy). Based on infor-
mation in Christiansen 
(2005)
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ties in coastal waters. (Christiansen, 2005). It is seen 
that depth does not play a role in the Danish typol-
ogy of open coastal waters. 

This gives 5 open water types in Denmark (one 
of these, OW3, can be further subdivided if EU-ter-
minology is applied), of which 2 types are found in 
the coastal waters around Fyn - OW2 and OW3 (or 
NEA8 and B5 in the EU terminology). It should be 
noted that it is the bottom water salinity that is in 
force because it is reasoned that the biological qual-
ity elements, e.g. macrophytes and bottom fauna, 
responds to that and not to the surface water salin-
ity. 

The open water typology does not suffi ce, how-
ever, because of the highly varying conditions in the 
inner Danish waters with many different fjord types. 
Therefore, a fjord typology has been developed. 
After an initial classifi cation in terms of salinity, fjords 
are further subdivided with respect to mixing condi-
tions and a socalled ’Run-off index’ (Table 2.3.2).

As for the open water typology it is also the bottom 
water salinity which is in force for the fjords. How-
ever, if the stations used for assessing the typology 
misrepresent the fjord in terms of depth (e.g., sta-
tions positioned in confi ned, deep holes), bottom 
water salinity in fjords can be defi ned at the depth 
above which 80 or 90% of the bottom area is found 
(the latter is used when the ‘80% depth’ lies above 
the halocline). 

A fjord is stratifi ed, when the difference between 
surface and bottom water salinity (defi ned as above), 
S, is larger than 1 PSU in more than 50% of the time, 
mixed if it is less than 50% of the time. 

The ’run-off index’ for the fjord, Ri (m3s-1d-1), is 
defi ned as the freshwater run-off, R (m3s-1) divided 
by the residence time, T (d-1):

Equation 2.3.1. Ri = R/T

According to Rasmussen & Josefson (2002), resi-
dence time can be estimated by the following two 
formulas, where V is fjord volume (m3), Q is salt water 
infl ux (m3 s-1) and S and Sm is surface water salin-
ity in the fjord and salinity at the mouth of the fjord, 
respectively (PSU):

Equation 2.3.2.

Equation 2.3.3.

A median of 0.1 was found when calculating Ri 
for19 Danish fjords; this median value was then used 
to divide between fjords with a ’high Run off-index’ 
and fjords with a ’low Run off-index.’ The index 
replaces (and is inversely related to) residence time 
as one of the optional factors, and is only used in 
a relative sense to make a proper grouping of the 
Danish fjords. Thus,,neither the index in general nor 
the value of 0.1 cannot and should not be used in an 
“absolute or numerical” context. 

Note that the polyhaline open water type in the 
EU-terminology (NEA8) also happens to encompass 
all 4 polyhaline fjord types (P1-P4).

Figure 2.3.1 shows the coastal waters around Fyn 
typologized so far (by the national authorities; several 
other smaller fjords and coves awaits typologization 
on a regional level). Note that only the zone within the 
line based on the Danish EPA’s administrative deline-
ation of fjords and/or coastal waters (1 nautical mile 
border as regards the latter) are typologized, i.e. the 
delineation, pursuant to the WFD, as regard the eco-
logical state or ecological potential (using biological 
quality elements). The area between this line and 
the 12 nautical mile border encloses the zone that 
is encompassed by the Danish EPA’s administra-
tive delineation as regards the chemical state (using 
physical/chemical quality elements), pursuant to the 
WFD. Where the two border lines overlap and also 
in the Great Belt, the line (the blue line in Great belt) 
separates the water districts.

Odense Fjord typology
In the context of WFD, the island of Fyn, when viewed 
as a water district, has been divided into 4 river basin 
districts (Figure 2.3.1). Within the coastal areas in 
each of these districts, a number of water bodies - 
open water and fjord types - may be defi ned. When 
confi ned to the context of Bernet Catch, the district 
in question is named “Odense Fjord”; this river basin 
district thus consists of ca. 1.000 km2 catchment 
area with its lakes and water courses, Odense Fjord 
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Figure 2.3.1 
Map of Fyn show-
ing the 4 main river 
catchment areas with 
connected coastal 
basins (‘Odense Fjord’, 
‘Great Belt’, ‘South 
Fyn Archipelago’ and 
‘Little Belt’ separated 
by black lines). Typolo-
gized areas are shown 
both by colour and 
type name (see Tabs. 
29-30). Green and 
blue lines (set by the 
Danish EPA) indicate 
delineations as, pursu-
ant to WFD, regard the 
biological and chemical 
state, respectively (see 
also text)
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and the adjoining open coastal water area.
Two fjord types can be found in Odense Fjord 

according to the fjord typology:

Odense Fjord, inner part (Seden Strand) - M4: 
mesohaline, mixed, high ’Runoff-index’ 

Odense Fjord, outer part - P3: polyhaline, strati-
fi ed, high ’Runoff-index’ 

The open water area outside of Odense Fjord, 
the Northern Belt Sea, is encompassed by the 
open water typology, and a third type can thus be 
defi ned:

Odense Fjord, Northern Belt Sea - OW2: Pro-
tected, shallow, polyhaline open coastal water

A minimum of three water bodies can thus be 
established for Odense Fjord (if EU-terminology 
was to be applied, the outcome would only have 
been two types as the open water and outer fjord 
types, P3 and OW2, would fall under same category, 
NEA8). When it comes to water body designation, 
however, a further subdivision of the fjord compart-
ments as well as the area outside the fjord depends 
on whether other circumstances, that has no bearing 
in relation to the typology, are in evidence. These cir-
cumstances can be e.g., that part of a water body is 
designated as a protected area or that a load-related 
administrative delineation is set within a water body. 
In the case of Odense Fjord, the former considera-
tion results in subdivision of the outer fjord compart-
ment into two water bodies. 

2.3.2 West Finland 

Finnish approach for typology of coastal 
waters
The typology presented in this paper is based on 
the preliminary typology of the coastal waters from 
2002, and the supplementary typology from March 
2004. At this point, the fi nal typology is still unclear.

In the years 2001-2002 a preliminary typology of 
the coastal waters was conducted. At an early stage 
it was realised that the system A was not suffi cient 
enough for typing the coastal waters. Therefore the 
system B was used, plus some of the optional factors. 
In spring 2004, the Ministry of Environment asked for 
a new evaluation of the typology. The present typol-
ogy is based on the new evaluation, however, it is still 
unclear whether it will be the offi cial one.

The Finnish coastal area is considered belonging 
to the surface water category called ‘coastal waters’. 
Currently, the ‘transitional waters’ category is not 
taken into consideration in Finland, due to the small 
size of the Finnish estuaries and the lack of knowl-
edge about the extent of the area infl uenced by the 
river water fl ow. Areas situated along the coast of 
Finland that could be identifi ed as belonging to the 
‘heavily modifi ed surface waters’ category are small 
(e.g. harbours and small embayments that have 
been transformed into freshwater basins). Therefore 
they are left outside the typology at present, but they 
will be taken into account in the ecological classifi ca-
tion of the coast.

Coastal types in Finland
Factors
The coastal waters were fi rst split into four types 
based on the obligatory factors, namely salinity and 
location (latitude and longitude). The resulting typol-
ogy when these factors were used had no real eco-
logical validity and thus did not adequately describe 
the differing ecological communities along the coast. 
Therefore it was concluded that each of the separate 
basins along the coast (Gulf of Finland, Archipelago 
Sea, Bothnian Sea, Kvarken and Bothnian Bay) 
should be regarded as separate entities and further 
divided into types using the obligatory factors and 
where appropriate suitable optional factors.

Optional factors used were wave exposure, the 
sum of average daily water temperatures during the 
open water season, the duration of ice coverage 
(as a number of days) and the extent of ice cover. 
The wave exposure was derived from the density of 
islands, openness and mean water depth. The tem-
perature factors used were estimated on the basis of 
the mean water temperature and water temperature 
range. Turbidity and mean substratum composi-
tion have also, to a lesser extent, been used in the 
characterisation process. Following a more specifi c 
investigation, each of the sections of coast could be 
split into an outer zone of deeper water and an inner 
more coastal zone. The inner zones are character-
ised by their high island cover, sheltered and shallow 
nature and their restricted water exchange. 

Differences between the coastal types can be 
seen both in the chemical parameters and the 
species composition. The inner zones are more 
eutrophicated and have lower salinity. The biologi-
cal community structure and species composition 
found in the inner zones differs from the more open 
outer coastal zones. Due to its large size and com-
plexity the Archipelago Sea was split further into sev-
eral subtypes. 
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Figure 2.3.2 
Proposal for typology of 
the Finnish coastal wa-
ters using the B-system 
and with the coastal 
pilot area indicated
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Figure 2.3.3 
Coastal water types in 
the river outlet of River 
Kyrönjoki
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Using these factors the typology process of Finn-
ish coastal waters resulted in 11 different types. 
These types are presented in Figure 2.3.2.

Coastal types in pilot river area (estuary of River 
Kyrönjoki)

As stated earlier Finland decided not to include 
estuaries or transitional waters to the coastal typol-
ogy. Generally speaking this means that all surface 
waters that under some circumstances are infl u-
enced by sea water are regarded as coastal waters. 
The coastal waters in our pilot area are geographi-
cally situated in the northern parts of the Kvarken 
archipelago, about 20 km north of the city of Vaasa. 
The area is presented in Figure Figure 2.3.3. Below is 
a short description of the coastal water types found 
in the pilot area of West Finland.

H. Inner Kvarken Archipelago. The surface area of 
land is signifi cantly higher than the surface area of 
water. The type is characterized by shallow enclosed 
bays and the water exchange is quite slow. Salinity 
varies between 3 and 5 psu, the length of the ice 
cover is >150 days. The catchment is dominated by 
sulphur soils that can cause acidity problems.

I. Outer Kvarken Archipelago. The surface area of 
land is less than the surface area of sea water. The 
islands are generally small and the open waters are 
shallow with some deeper straits. The sea bottom is 
dominated by erosion- and transport bottoms. Salin-
ity varies between 4 and 5 psu and the length of the 
ice cover is less than 150 days.

2.3.3 Schleswig-Holstein 

Only one river basin district has been established in 
the catchment of the Baltic coastal waters of Sch-
leswig-Holstein. This “Schlei/Trave”-district consists 
of four main and several smaller river systems (rivers 
Schlei, Kossau, Trave, and Schwentine) with a total 
catchment size of 5305 km2. The coastal waters of 
the Schlei/Trave river basin are part of the south-
western ecoregion “Baltic”.

Coastal waters in Schleswig-Holstein with its 
fjords and bays are solely classifi ed in the category 
of coastal waters. There has been no classifi cation 
as transitional waters.

For the description of coastal waters system B of 
the Water Framework Directive has been used. This 
system is more fl exible and offers the additional pos-

sibility of including optional factors with the obliga-
tory factors. These are physical and chemical factors 
which describe important features that determine 
the biocoenosis.

German coastal waters are assessed for type by 
using the obligatory factors like geographical site, 
tides and (most important) salinity. Optional factors 
like seasonal stratifi cation, retention in bays with little 
exchange and average substrate composition have 
been considered to have a signifi cant effect on the 
biological quality elements. Three out of four types 
described for the German Baltic Sea are found in 
Schleswig-Holstein (see Table 2.3.3., Fig. 2.3.4). 

 

Description of obligatory factors

Geographical location
Indicated in the map (Fig. 2.3.4) and also by co-ordi-
nates.

Salinity
Coastal waters contain a median salinity of 28 PSU 
(Practical Salinity Unit 1PSU = 0.1%) and are not 
stratifi ed. The Measuring programme of the Bund 
and Länder for the North and Baltic Sea (BLMP-
Messprogramm) has been used as a source for 
salinity data.

Tide
Tides in the south-western Baltic are < 20 cm and 
were assessed as not relevant for classifi cation. 

Description of optional factors

Mixing of water
The Baltic is a brackish sea with its biota between 
marine and fresh water and depends on a sub-
stantial infl ow of water from the North Sea. There 
is stable stratifi cation due to temperature and salin-
ity in the summer with its metalimnion at a depth of 
12-17 m. This impedes the movement of oxygen to 
greater depth. In fall the stratifi cation is broken by 
lower temperatures and storms.

Residence time
Narrow mouths inhibit water exchange especially 
between Schlei and the inner Flensburg Fjord and 
the Baltic. High nutrient emissions therefore lead to 
an increase in primary production with long algae 
blooms and a change in species composition of the 
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 Type B2  
mesohalin, long 
residence time 

Type B3  
mesohalin, fully mixed 

Type B4  
mixohalin, seasonally 

stratified 

Salinity 5-18 PSU 5-18 PSU 10 - 30 PSU 

Tides (MTH) not relevant not relevant not relevant 

Depth  max.  > -15 m  max.  > -15 m   -15 m to - 30 m 

Exposition sheltered - very 
sheltered 

moderately sheltered moderately sheltered 

Currant (Max) < 1 m/s 1-3 m/s 1-3 m/s 

Temperature  -0,9 - 17,9 °C 0,1 - 22,5 °C 0,1 - 22,5 °C 

Mixing little very high seasonal little 

Visibility depth moderate - high moderate - high moderate - high 

Residence time months days weeks 

Substrate sand, silt sand, boulder clay, organ. 
sedim. 

silt and mixed sediments 

Table 2.3.3 
Typology for the 
ecological region of the 
German Baltic region.

Figure 2.3.4 
Map of coastal, river 
and lake types in the 
pilot river basin Schlei-
Trave. 



Lake types

Lakes (translation omitted for types not occurring in S-H)
Kalkreicher*. ungeschichteter Voralpensee mit relativ großem Einzugsgebiet
Calcium-rich stratified lowlands lake with relatively large catchment
Calcium-rich unstrat. lowlands lake, rel. large catchm. residence time >30d
Calcium-rich unstrat. lowl. lake, rel. large catchm. residence time 3d - 30d
Calcium-rich stratified lowlands lake with relatively small catchment
Calcium-rich unstratified lowlands lake with relatively small catchment
Kalkreicher. geschichteter*** Voralpensee mit relativ großem Einzugsgebiet
Kalkreicher. geschichteter Voralpensee mit relativ kleinem Einzugsgebiet
Kalkreicher. geschichteter Alpensee mit relativ kleinem oder großem Einzugsgebiet
Kalkreicher. geschichteter Mittelgebirgssee m it relativ großem Einzugsgebiet
Kalkreicher. ungeschichteter Mittelgebirgssee mit relativ großem Einzugsgebiet
Kalkreicher. geschichteter Mittelgebirgssee mit relativ kleinem Einzugsgebiet
Kalkarmer. geschichteter Mittelgebirgssee mit relativ großem Einzugsgebiet
Special type natural lake (coastal lake, lake with high influence of bogs etc.)
Kalkarmer. geschichteter Mittelgebirgssee mit relativ kleinem Einzugsgebiet
Special type artificial lake (gravel extraction etc.)
Not assessed into type yet

Watercourse types

Watercourses (translation omitted for types not occurring in S-H)
Fließgewässer der Alpen (k)
Ströme des Mittelgebirges (k)
Organically influenced streams (o)
Organically influenced rivers  (o)
Lowlands sand streams  (s. k)
Sand and clay influenced lowland rivers (k)
Gravel streams (s. k)
Gravel rivers (k)
Clay influenced lowland streams (k)
Lowlands watercourses (k)
Bäche des Alpenvorlandes (s)
Lowlands rivers (k)
Lake outlets (k)
Watercourses of the marshlands (k)
Baltic Sea tributaries influenced by backwater or brackish water (k)
Jungmoränenbäche des Alpenvorlandes (k)
Flüsse des Alpenvorlandes (k)
Silikatische Mittelgebirgsbäche (s)
Feinmaterialreiche. silikatische Mittelgebirgsbäche (s)
Feinmaterialreiche. karbonatische Mittelgebirgsbäche (k)
Karbonatische Mittelgebirgsbäche (k) 
Silikatische Mittelgebirgsflüsse (s)
Karbonatische Mittelgebirgsflüsse (k)
Große Flüsse des Mittelgebirges (k)
Not assessed into type yet

Shoreline to coastal waters

National border

Borders of the Länder

Border of the river basin

Types of transitional waters

Transitional waters (type assessment guidelines not completed)

Types of coastal waters

Coastal waters
meso-polyhaline open coastal water, seasonally stratified 
mesohaline inner coastal water
mesohaline open coastal water 
oligohaline inner coastal water 

Cities > 50000 inhabitants
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phytoplankton. The reduction in light attenuation 
and the silting of sediments are probably the cause 
of changes in biomass and species composition of 
the submerged vegetation. Along the open coast in 
Kiel Bay an increase in production above 12 m is fol-
lowed by a decrease below 12 m. 

Average composition of substratum
Composition and distribution of substratum in the 
Baltic is a result of ice ages and processes since 
then. Average particle size of the mobile sediment 
decreases with water depth and the distribution of 

organic and physically induced sedimentation show 
variations on a much smaller scale than in the North 
sea.

Waterbodies
When defi ning waterbodies, as a fi rst step bound-
aries were drawn by type, in the second step a 
subdivision using hydromorphic and hydrodynamic 
characteristics which show less water exchange to 
neighbouring water bodies was made. Out of the 24 
waterbodies, 9 belong to type B2, 10 to type B3 and 
5 to type B4. 
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Index Kind Sea layer Season 

1 Tideless Superficial 
layer 

Winter

2 Tidal Deep-sea 
layer 

Summer-
autumn 

3 - Bottom layer - 

Index Category Area, thou.km2 Volume, thou.km3 Maximum depth, m 

1 Very big over 1,500 over 1,000 over 1,000 

2 Big from 601 to 1,500 from 151 to 1,000 from 501 to 1,000 

3 Medium from 100 to 600 from 10 to 150 from 50 to 500 

4 Small up to 100 up to 10 up to 50 

2.3.4 Gdansk 

Although there is no connection with the coastal 
water on the Polish side of the Vistula Lagoon basin 
district due to separating role of the Vistula Penin-
sula. However according to system “A” one type of 
coastal water body may be identifi ed being in close 
relation with the Vistula Lagoon water resources. 

2.3.5 Kaliningrad 

The typology is applied for the seas as individual 
water bodies or their parts: straits, gulfs, bays. 
According to the national standard 17.1.1.02-77, the 
coastal waters are divided into four types, and each 
type has two subtypes.

Class 1 – a sum of indices from 3 to 4.
Class 2 – a sum of indices from 5 to 6.
Class 3 – a sum of indices is 7.

Class 1 – a sum of indices from 3 to 4.
Class 8 – a sum of indices from 5 to 7.
Class 15 – a sum of indices from 8 to 10.
Class 22 – a sum of indices from 11 to 12.

Fixed
typology  

Descriptors No. 
of

WB

Ecoregion  Baltic Sea 1

Type Based on mean annual salinity 
5 to <18 ‰: mesohaline 1
Based on mean depth 
shallow waters: <30 m 1

Table 2.3.4 
Coastal types in the 
Pasleka river sub-basin 
according to the Polish 
typology system

Table 2.3.5 
Typology based on 
physical and geograph-
ical attributes

Table 2.3.6 
Typology based on 
morphometric at-
tributes



Sum of classes Type Subtype 

Up to 7 I A 

From 8 to 10 I B 

« 11 « 14 II A 

« 15 « 17 II B 

« 18 « 21 III A 

« 22 « 24 III B 

« 25 « 28 IV A 

« 29 « 31 IV B 

Maximum current 
velocity 

Fluctuation of level Maximum 
temperature 

Time of freeze-up Index 

Category Value, 
cm/s 

Category Value, 
cm

Category Value, 
0C

Category Value, 
month

1 low up to 30 low up to 200 high over 20 long over 5 

2 - - medium from 200 
to 500 

medium from 10 to 
20

medium from 3 to 
5

3 medium from 30 to 
150

high over 500 low up to 10 short up to 3 

4 high over 150  - - - - - 
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Table 2.3.8 (left)
 Typology of the coastal 
waters according to the 
water exchange condi-
tions

Table 2.3.9 (right)
Coastal water types of 
the Kaliningrad Region.

Figure 2.3.5 
National typology of the 
Vistula Lagoon

Class 1 – a sum of indices from 3 to 5.
Class 2 – a sum of indices from 6 to 9.
Class 3 – a sum of indices from 10 to 13.

If the sea is covered with ice less than 10%, it is 
referred to as the category lacking freeze-up (index 
= 0)

Index Water exchange 
with other basins 

Stratification

1 poor stratified 

2 moderate poorly stratified 

3 intensive — 

Table 2.3.7 
Typology according to 
the hydrological condi-
tions

Class 1 – a sum of indices is 2.
Class 2 – a sum of indices from 3 to 4.
Class 3 – a sum of indices is 5.
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National Typology. Vistula Lagoon

Eco-region – the Baltic (Kaliningrad) hydrographic 
region. The Baltic Sea basin.

According to the national typology, the Vistula 
Lagoon is regarded as type III, subtype A. Accord-
ing to the EU WFD typology, the Vistula Lagoon is 
regarded as an eco-region of the Baltic Sea.

2.3.6 Laholm 

Compared to lakes and rivers the typology of coastal 
waters in Sweden is one step ahead and it is prob-
able that the proposal by The Swedish Institute for 
Meteorology and Hydrology (SMHI), (Håkansson & 
Hansson, 2003) will be approved. The suggested 
descriptors are presented in Table 2.3.10.

Mean spring tidal range, proportion of intertidal 
area, and current velocity are judged as not relevant 
for Swedish conditions. In order to achieve ecologi-
cally relevant types, the salinity class “Oligohaline” 
has been split into two classes. There are also some 
small differences regarding the salinity ranges com-
pared to the guidance document (WFD CIS Guid-
ance Document No. 5). 

Based on defi nitions given in the guidance docu-
ment, it has been concluded that there are only 

two transitional waters in Sweden (the inner part of 
Stockholm archipelago, and the Göta älv estuary at 
Gothenburg). 

Though the theoretical number of types is more 
than 5000, the actual number of types of coastal 
waters in Sweden in the proposal is limited to 25 
(23+2 transitional waters). 

Typology of the Laholm Bay

As the maximum depth in the bay is only about 20 
m, the suggested typology implies that the entire bay 
will belong to a type called “Coastal waters of south 
Halland and north Öresund” (Figure 2.3.6).

One key feature of the bay is the strong vertical 
stratifi cation, often causing oxygen defi cit in the salt, 
bottom layer, which in turn can have severe effects 
on benthic fauna and fi sh. The position of the stratifi -
cation layer varies depending on large scale weather 
conditions, and it is normally found between 12 and 
20 meters. Above 10 meters depth the potential risk 
for oxygen defi cit is small, and it might therefore be 
appropriate to divide the bay into two types based 
on the 10 m depth curve (Figure 2.3.7). This was in 
fact also suggested in an early draft of the Swedish 
typology.

Salinity Freshwater (<0.5 PSU) Exposure* Very exposed 
 Low oligohaline (0.5-3 PSU)  Exposed 
 High oligohaline (3-6 PSU)  Moderately exposed 
 Mesohaline (6-22 PSU)  Sheltered 
 Polyhaline (22-30 PSU) 
 Euhaline (>30 PSU) Mixing Permanently stratified 
   Partially stratified 
Depth <30 m  Permanently fully mixed 
 >30 m 
  Substratum Hard 
Residence time 0-9 days  Sand/gravel 
 10-39 days  Mud 
 >40 days  Mixed sediments 

Duration of ice <90 days 
coverage 90-150 days 
 >150 days 

* The classes “Extremely exposed” and “Very sheltered” have no relevance in Sweden and will not be used. 

Table 2.3.10 
Suggested descriptors 
for coastal waters in 
Sweden.



Coastal waters of south Halland 
and north Öresund 

>10 m 

0-10 m 
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2.4 Cross-regional com-
parison 
2.4.1 Rivers

Out of the six partners in the Bernet project, only 
one partner states to exclusively use system A of the 
WFD typology approach, three partners state they to 
probably use system B, however, at present it is not 
clear which optional factors are used for system B. 
One partner clearly uses system B. This vague situa-
tion arises because the regions depend on proposals 
given by the governments. Furthermore, one partner 
uses a completely different typology since he is not 
a member of the EU. Thus a completing comparison 
of the typologies is actually not possible.

Main differences in the abiotic and biotic condi-
tions of the stream enclosed in the Bernet project 
exist due to three different ecoregion being involved, 
which is fundamental to the ecological quality com-
ponents. West Finland is the only partner that is 
belonging to the Fennoscandian shield. Kaliningrad 
region belongs to the Baltic region, whereas the 
nearby Gdansk region is located across ecoregion 
boundaries (Baltic region, Eastern plains). However, 
the pilot river basin is part of the same hydrological 
system (Vistula lagoon). Since the Kaliningrad region 
is able to display its streams according to System 
A of the WFD a detailed comparison of the quality 
elements and a mutual exchange across the bound-
aries may be possible. A detailed analyse is prob-

Figure 2.3.6 
Delination of the 
“Coastal waters of 
south Halland and 
north Öresund”.

Figure 2.3.7
Alternative classifi ca-
tion of the LaholmBay 
based on the 10 m 
depth curve.

able necessary to test for possible differences due to 
effect of ecoregion boundary on the biological qual-
ity components.

Fyn, Laholm Bay and Schleswig-Holstein belong 
to the ecoregion Central lowlands. However, the 
Baltic Sea separates Lahom Bay, which is prob-
ably signifi cant for the biological quality elements 
and so will impede comparisons on the level that is 
necessary for the WFD in terms of reference condi-
tions and classifi cation. The streams located in Fyn 
and Schleswig-Holstein probably are very similar in 
terms of biological quality elements and morphology, 
yet the names differ. Types in Fyn only differ based 
on the size and probably can be compared to Sch-
leswig-Holstein gravel streams and rivers and partly-
mineralic streams.

A detailed table summarises the typologies of the 
partner regions (Table 2.4.1).

2.4.2 Lakes

Almost all Bernet partner regions have decided to 
use System B or a slightly modifi ed version of System 
B for the typology of lakes, except Gdansk (system 
A) and Kaliningrad (national russian standard). For 
the intercalibration of lake types the situation is much 
more complicated, because the cis-working group 
have required a list of lake types according to system 
A.
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The number of lake types outlined in the 6 pilot river 
basins is comparable and ranges between 4 and 8. 
The comparison of the obligatory factors shows, that 
nearly all regions have classifi ed their lakes by means 
of the same descriptors as there are altitude, size of 
surface area of the lake and geological background. 
However, the border values differ, especially in the 
surface water area. In terms of the optional descrip-
tors, almost all partner regions use the mean depth 
and mixing conditions as the main important hydro-
morphological variables. In contrast, retention time 
has been integrated in the regional typology only in 
3 of the 6 regions West Finland, Schleswig-Holstein 
and Kaliningrad. Among the applied physico-chemi-
cal descriptors, water colour is the most frequently 
used parameter applied by the scandinavian regions 
Fyn, Laholm Bay and West Finland due to the natu-
rally high humus content in these lakes. Other criteria 
like turbidity, water temperature and duration of ice 
freezing are included individually. Nearly all regions 
exhibit brackish water lakes in their coastal regions, 
which are more or less isolated from the Baltic Sea. 
But except of Fyn, who have set a threshold value for 
salinity, no region have included those lakes in their 
typology system so far. 

Summarizing, a comparison of the typology sys-
tems based on hydromorphological descriptors 
shows the most similarity between the regions situ-
ated west and south of the Baltic Sea: Fyn, Schleswig-
Holstein and Gdansk. In these regions dominate the 
alkaline, low, unstratifi ed lake type and the alkaline, 
deep, stratifi ed lake type. Lakes of Sweden and 
West Finland can be compared by hydromorphol-
ogy but are completely different in terms of chemical 
(and of course climatic) characteristics, in particular 
water colour as a measure for the content of humic 
substances. Consequently, the biocoenotic typol-
ogy systems should be different between these two 
groups. Actually, the integration of biological qual-
ity elements in the regional typology approaches is 
quite incomplete. Therefore it is not possible to make 
a detailed analysis of the typological systems on bio-
logical basis.

A detailed table summarises the typologies of the 
partner regions (Table 2.4.2).

2.4.3 Coastal waters

Table 2.4.3 gives an overview on the reported coastal 
water types of all BERNET regions. Twelve types 

have been defi ned by the partners in the coastal 
waters of their pilot river basins. None of the regions 
described the category “transitional waters”. All part-
ners used “System B” (WFD Annex II) for defi ning 
their typology. 

Some of the criteria were not suitable for division 
into groups. Due to the hydrographical conditions in 
the Baltic Sea, typology criteria like “Tidal Range”, 
“Intertidal Area”, and “Depth” are reasonably similar 
between the regions and thus not important. There 
is a big variety of “Substratum” from mud-silt to 
hardrock, but it was commonly not used for sepa-
ration. Moreover, different or even all four sediment 
types were listed under the heading of one type. 
Finally, “Wave Exposure” was at most a weak sup-
porting criteria. In several cases both “moderately 
exposed” and “sheltered” are found in the same 
type.

“Salinity”, “Mixing Conditions”, “Residence Time” 
and to some extent “Ice Coverage” appear to be 
strong criteria. Out of the 9 types in the meso- to 
polyhaline western and southern coastal waters, 
3 related groups could be clearly made out (Table 
2.4.3):
• “Meso- to polyhaline open coastal waters”: 

Salinity from 5-30 PSU, (seasonally) stratifi ed and 
short residence time (“days”). To this type group 
belongs the Swedish Laholm Bay, the German 
type B4 and the Danish type OW3 and OW2.

• “ Mesohaline open coastal waters”: Salinity 
from 5-18 PSU, fully mixed and short residence 
time (“days”). This type group includes Polish/
Russian coastal waters and the German type B3.

• “ Mesohaline inner coastal waters”: Salinity from 
5-18 (18-30) PSU, fully mixed (partly seasonally 
stratifi ed) and medium residence time (“weeks”) 
but also short and long (“days”, “months”) possi-
ble. This type group contains the German type B2 
and the Danish M4 and P3 types.

The three West-Finnish types are something spe-
cial and can be put in a fourth group. It is due to 
their remote geographical position from the other 
regions in the far north and hence, far from the saline 
water infl ow area at the Danish Straits. Unique for 
the Finnish types is the periodical “Ice Coverage” 
lasting either 90-150 days or more than 150 days. In 
the latter case, salinities are less than 5 PSU in the 
two types; such low salinities are found in no other 
region.
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Region Fyn  West Finland  Schleswig-Holstein  Laholm  Kaliningrad Region  Gdansk  

pilot river basin River Odense, the 
streams Stavis Å, Lunde 
Å, Vejrup Å, Geels Å, and 
a few other small stream 
systems

R. Kyrönjoki Schlei/Trave river 
systems

River Stensån Vistula lagoon Vistula lagoon 
(Elblag), Pasleka 

ecoregion Central lowlands Fennoscandian shield Central lowlands Central lowlands Baltic region boundary between 
Baltic region, 

Eastern plains 

typology system A, additionally small 
streams < 10 km2

A B not decided at present, 
probably B 

national typology of the 
Russian Federation, 
comparable to system A

A

obligatory descriptors catchment size (10-100 
km2, 100-1000 km2),
other obligatory factors 
are invariant (altitude < 
200 m), 

size

altitude 

geology (organic, 
siliceous, clayey), 

size 10-100 km2, 100-
1000 km2, >1000 km2)

altitude < 200 m 

geology (calcareous, 
organic, siliceous) 

size (10-100, 100-1000, 
>1000 km2), altitude (Borealic 
Upland, Fenno-Scandian 
Shield below and above 200 
m, Central Plain), geology 
(calcareous, siliceous, 
calc./humic, humic), 

geographic zone (Geology: 
humification), season, 
hydrology (period of water 
current, discharge, flow 
velocity), water 
temperature, catchment 
area, 

size (10-100 km2,
100-1000 km2), 
altitude < 200 m 

geology (siliceous, 
organic) 

optional descriptors stream width, distance 
from source, 

hydromorphology, 
physicochemistry and 
biology under 
development 

geomorphological 
types (substrate, 
valley form, form of 
the river bed, 
chloride, acid binding 
capacity)  

   

number of types in pilot 
catchment 

3 types 5 types in pilot 
catchment, 11 types 
in whole Finland 

7 types in pilot 
catchment  out of 23 
types of rivers in 
whole Germany  

2 types 1 type according to 
Russian typology, 2 types 
according to WFD System 
A

4 types 

names of types in pilot 
catchment 

small streams, middle-
sized streams, large 
streams

small organic rivers, 
small siliceous rivers, 
middle sized organic 
rivers, middle sized 
siliceous rivers, large 
organic rivers 

sand-formed streams 
and rivers, gravel-
formed streams and 
rivers, partly-
mineralic lowland 
streams in river 
valleys, sand-formed 
large rivers, lake-
outlets 

V312: Small, humic 
catchments on the Central 
Plain (9), 

V314: Small, 
humic/calcareous 
catchments on the Central 
Plain (1) 

Russian: Type III subtype 
B;

WFD system A: siliceous 
and organo-siliceous small 
lowland streams 

siliceous and 
organic small and 
medium-sized 
streams

available description or 
quantitative 
characteristics of types 
in pilot catchment 
(=reference conditions) 

qualitative descriptions  at present qualitative 
descriptions 

   

number of reference 
streams/stretches in 
pilot catchment 

6 3 2 0 0 3 

types of reference 
streams

small streams, middle-
sized streams, large 
streams

 lake outlet    

descriptors of reference 
conditions 

None so far on the 
national level. Regionally, 
a qualitative description 
based on selected 
macrozoobenthos is 
presented 

chemical (20 
variables),

hydromorphology 
(RHS-tests), 

fish, 

benthos 

semi-quantitative for 
benthos, 

hydromorphology and 
fish under 
development 

none standard national  
monitoring (chemical, 
hydrological and biological 
descriptors) 

chemical, 

saprobic index, 

bacteriology 

Table 2.4.1 
Cross-regional com-
parison of river types 
of BERNET partner 
regions
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Region Fyn West Finland  Schleswig-
Holstein  

Laholm Kaliningrad 
Region  

Gdansk  

pilot river basin 
(PRB) 

Odense-Fjord River Kyrönjoki 
catchment 

Schlei-Trave Stensån Vistula lagoon Vistula lagoon 
catchment, 

Pasleka 
Ecoregion Ecoregion 14 

(central plains) 
Ecoregion 22 
(Fenno-Scandian 
shield) 

Ecoregion 14 
(central plains) 

Ecoregion 14 
(central plains) 

Ecoregion 15 
(Baltic province) 

Ecoregion 16 
(eastern plains) 

number of lakes 
>0.5 km² (county) 

4 148 65 75 unknown unknown 

number of lakes 
>0.5 km² (pilot RB) 

3 24 46 2 0 14 

Approaches of lake 
typology available: 
current status: 

Yes  
(national) 
finished 

Yes  
(national) 
Draft 

Yes  
(national - LAWA) 
finished 

Yes  
(national – SEPA) 
Draft 

Yes 
(national standart) 

Yes 

finished 

typology system modified  
System B 

System B Mixture of 
System A/B 

System B - System A 

number of lake 
types (PRB) 

5 4 5  
(excl. brackish 
and humic lakes) 

4 8 (Russia) not yet defined 

Obligatory descriptors: 

Altitude Low altitude lakes 
(<500m) 

Lowland lakes 
<200 m (West 
Finland) 

lowland (<200m)  
mid-altitude lakes 
(200-800m) 
high altitude lakes 
(>800m) 

Borealic upland 
Fenno-scandian 
shield < 200m 
Fenno-scandian 
shield > 200m 
Central plain 

- lowland (<200m) 

Size classes 
(surface area of the 
lake) 

All lakes >0.05 
km²

All lakes >0.5 km² 
<5 km² 
5-40 km² 
>40 km² 

All lakes >0.5 km²
0.5-1 km² 
1-10 km² 
10-100 km² 
>100 km² 

All lakes >0.5 km² 
0.5 km2 (no report 
to EU) 
0.5-2 km² 
2-10 km² 
>10 km² 

< 10 km² 
10-100 km² 
100- 1000 km² 
> 1000 km² 

0.5-1 km² 
1-10 km² 
10-100 km² 

Geology (Alkalinity, 
calcium carbonate 
concentration) 

Alkalinity: 
< 0.2 meq/l 
> 0.2 meq/l 

- calcareous calcareous            
(Ca >0.5 meq/l 
AbsF <0.06) 
siliceous                
(Ca <0.5 meq/l, 
AbsF <0.06) 
organic/calcareou
s (Ca >0.5 meq/l 
AbsF >0.06) 
organic                  
(Ca <0.5 meq/l 
AbsF >0.06) 

 silicious 
organic 

Optional descriptors:  Hydromorphological variables 

Mean water depth  < 3m 
> 3m 

Yes <3 m 
3-15 m 
>15 m 

< 3m 
> 3m 

maximum depth 
<5 m 
5-10 m 
>50 m 

<3 m 
3-15 m 
>15 m 

Mixing conditions 
(stratification, 
thermocline) 

Yes Yes Yes - Yes 
<2 times per year 
2 times per year 
>2 times per year 

-

Table 2.4.2 
Cross-regional comparison of lake types of BERNET partner regions
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Region Fyn West Finland  Schleswig-
Holstein  

Laholm Kaliningrad 
Region  

Gdansk  

Retention time - Yes Yes  
for riverine lakes 
3-30 d 

- Yes 
<0.1 per year 
0.1-5 per year 
>5 per year 

-

national specific 
hydro-
morphological 
variables 

- - Ratio of 
catchment area 
(size) to lake 
volume: 
Ratio <1.5
Ratio >1.5 

- water volume 
lake character 
(closed, open, 
flushed) 
water level 
fluctuation 

-

Optional descriptors:  Physico-chemical variables 

Water colour 
(humus content) 

<60 Pt/l 
>60 Pt/l 

<30 Pt/l 
30-90 Pt/l 
>90 Pt/l 

- Water colour (or 
absorb.) is used 
to define geology 

- - 

Turbidity - oligotrophic 
clearwater lakes 
naturally 
eutrophic turbid 
lakes 

- - - - 

Salinity � <0.5 PSU 
� >0.5 PSU 

- - - - - 

national specific 
physico-chemical 
variables  

- - - - water 
temperature 
time of freeze-up 
(month) 

Are biological 
quality elements 
considered in the 
typology? 

Yes, indirectly:  
relationship 
between biolog. 
elements and 
phys.-chem. 
descriptors

Yes, partly 
macrophytes, fish 
fauna 

Yes, partly:
phytoplankton, 
benthic diatoms, 
macrophytes 

No, not directly. - - 

Delineation of 
artifical lakes 

Yes  
excavation lakes 
(artificial, but 
should be treated 
as natural) 

Yes  Yes 
(marshland lakes) 

Yes 
(a lot of small 
reservoirs, marl 
ponds, fish ponds 
- not yet 
classified) 

Yes Yes 

Delineation of 
heavily modified 
lakes 

Significant 
anthropogenic 
pressures:

No

water level 
fluctuation within 
0.5 m in regulated 
lakes not 
considered 

No not yet 

damming up of 
brackish lakes 
from the open 
Baltic Sea not 
considered 

No

water level 
alteration by 
damming

No No 

Existence of 
brackish coastal 
lakes and humic 
lakes (PRB) 

brackish lakes 
(however included 
in the typology) 

bog pools ( 
isolated lakes at 
the Baltic Sea) 

brackish lakes 
humic lakes 

humic lakes - coastal brackish 
lake (Vistula 
lagoon) 
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Cross-regional com-
parison of coastal water 
types of BERNET part-
ner regions
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3. Reference conditions

Introduction

The Water Framework Directive requires that refer-
ence conditions are established for each surface 
water body type. Reference conditions equal high 
ecological status, i.e. no or only very minor evidence 
of disturbance for physico-chemical, hydromorpho-
logical and biological quality elements (Tables 3.0.1-
3.0.3) used in the ecological classifi cation. Values of 
the biological parameters observed for a given body 
of surface water and values for these parameters in 
the reference conditions applicable to that body are 
then compared, and Ecological Quality Ratio (EQR), 
the ratio representing the relationship between these 
values can be calculated.

According to the WFD and the Guidance Docu-
ments (GD 5 & GD 10), establishment of the refer-
ence conditions are to be based on:

• Spatially based reference conditions using data 
from monitoring sites

• Reference conditions based on predictive model-
ling

• Temporally based reference conditions using either 
historical data or paleoreconstruction
or a combination of both

• A combination of the above approaches, and 
where it is not possible to use these methods:

• expert judgement.
 

In applying the procedures set out in this section to 
heavily modifi ed or artifi cial surface water bodies ref-
erences to high ecological status shall be construed 

Table 3.0.1 
Quality and supporting 
elements for determin-
ing the effect of human 
impact on rivers.

as references to maximum ecological potential, i.e. 
best attainable ecological status, as defi ned in table 
1.2.5 of Annex V of the Water Framework Directive. 

In a larger scale, fi nding reference areas in part-
ner regions is a hard task, because human impact is 
found practically everywhere. Hence, there are very 
few unimpaired or minimally impacted water bodies 
and sites with data for determination of type specifi c 
reference conditions. For fi nal selection of reference 
sites we can fi rst try to fi nd areas with low pressures. 
For this purpose the partner countries have used, 
especially in their inland areas, mainly GIS-based 
information on e.g. land-use, point-source pollut-
ers and water construction activity. Independently 
on the water body category, no remarkable point 
source loading (sewage water) or larger scale physi-
cal modifi cations are allowed to be existent in refer-
ence conditions. Land-use data with 10 % limit (or 
90 % naturally vegetated) of arable land have been 
used in some countries for rivers and somewhat 
looser criteria with lakes. Also patchiness and dis-
tance factors are of importance but are rather dif-
fi cult to quantify.

Nevertheless, different ways and methods for the 
establishing of reference conditions have to be found 
out to solve this problem. In the following chapter 
the different approaches used by the Bernet partner 
regions are described, regarding the use of  pale-
oecological methods, historical data, predictive 
models and expert judgement.

Biological  
quality elements 

Hydromorphological  
quality elements 

Physico-chemical 
quality elements 

Phytoplankton 
Macrophytes and phytobenthos 
Benthic invertebrate fauna 
Fish fauna  

Taxonomic composition 
Abundance
Planktonic blooms 
Sensitive taxa 
Diversity
Age structure

Quantity and dynamics of flow 
Connection to groundwaters 

River continuity 

Channel patterns 
Width and depth 
Flow velocities 
Substrate conditions 
Structure and condition of the riparian 
zones

Nutrients
Salinity
Oxygen balance 
pH and ANC 
Temperature 

Specific synthetic pollutants 

Specific non-synthetic pollutants 
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3.1 Rivers

3.1.1 Fyn County 

Present-day data

Present-day data on reference condition are gener-
ally very sparse as the impoverishment of the water-
course fl ora and fauna due to human activities has 
been considerable, especially over the past 100 
years. At the National level, there has at the moment 
not been identifi ed any reference stream sites, nor 
has there been given any indication of how the ref-
erence condition of the three stream types may 
“look like” in terms of physical and biological criteria, 
although NERI (2004a) suggests that potential refer-
ence stream sites should comply with the following 
criteria: 

(1) At least 90 % of the upstream catchment should 
be covered with natural or near-natural vegetation; 
(2) Should be physically unmodifi ed, not impacted by 

abstraction of water, with no artifi cial obstruction that 
prevent un-hindered passage for the organisms, and 
with a natural distribution of substrates; 

(3) With no upstream discharges of sewage. 
Due to the expected diffi culties in obtaining suffi -

cient national knowledge about reference conditions, 
it may be necessary to utilize data from reference sta-
tions abroad (southern Sweden, northern Germany, 
southern Baltic countries, northern Poland), although 
the fl ora and fauna of Denmark is not fully comparable 
to that of southern Sweden, southern Baltic countries 
and northern Poland. 

Historical data

Historical data on reference condition are also few 
and scattered. As many Danish watercourses were 
severely threatened by human activities already 
before 1915, where the founder of Danish limnology, 
C. Wesenberg-Lund published his fi rst monograph 

Table 3.0.2 
Quality and supporting 
elements for determin-
ing the effect of human 
impact on lakes.

Biological  
quality elements 

Hydromorphological  
quality elements 

Physico-chemical 
quality elements 

Phytoplankton 
Macrophytes and phytobenthos 
Benthic invertebrate fauna 
Fish fauna  

Taxonomic composition 
Abundance
Biomass 
Planktonic blooms 
Sensitive taxa 
Diversity
Age structure

Quantity and dynamics of flow 
Water level 
Residence time 
Connection to groundwaters

Lake depth variation 
Substrate conditions 
Lake shore structure

Nutrients
Salinity
Oxygen balance 
pH and ANC 
Temperature

Specific synthetic pollutants 

Specific non-synthetic pollutants

Biological  
quality elements 

Hydromorphological  
quality elements 

Physico-chemical 
quality elements 

Phytoplankton 
Macroalgae and angiosperms 
Benthic invertebrate fauna  

Taxonomic composition 
Abundance
Biomass 
Planktonic blooms 
Sensitive taxa 
Cover 
Diversity

Flow regimes 
Direction and speed of dominant 
currents

Depth variations 
Structure and substrate of coastal bed
Structure and condition of inter-tidal 
zones

Nutrients
Oxygen balance 
Transparency

Specific synthetic pollutants 

Specific non-synthetic pollutants 

Table 3.0.3 
Quality and supporting 
elements for determin-
ing the effect of human 
impact on coastal 
waters.



MDS for stream macroinvertebrates
Type 3_ref_old
Type 3_ref_new
Type 3_other_new
Type 2_ref_old
Type 2_ref_new
Type 2_other_new
Type 1_ref_new
Type 1_other_new
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on Danish freshwater insects, and as relatively few 
biological studies were carried out at that time, his-
torical information on “pristine” streams is scarce 
not only in Fyn County, but for Denmark in general. 
There is, however, some scattered information. 
Thus, it is well documented that the aquatic fl ora 
of some large streams, including the lower reach of 
River Odense, was characterised by large-leaved 
species and hybrids of the genus Potamogeton in 
the late 1800s. There are also qualitative historical 
data on macroinvertebrates - especially on Plecop-
tera, Ephemeroptera and Trichoptera - from several 
middle-sized and large streams, and qualitative fau-
nistic data for stream fi shes from a large variety of 
streams. However, quantitative historical data do 
not exist for macrophytes, macroinvertebrates or 
fi sh in any Danish stream, although there are some 
semiquantitative data for macroinvertebrates from a 
few streams. As macroinvertebrates have been used 
during at least the last 30 years to assess environ-
mental quality, it is appropriate to assess the extent 
to which suitable reference stations exist primarily on 
these organisms, for which the data material is gener-
ally most comprehensive. 

For natural reasons (cf. the island biogeographic 
principles on spatial extinction and immigration), 
there are signifi cant differences between the macro-
invertebrate fauna of Jutland, Fyn, Zealand, and 
Bornholm. In addition, man has enhanced this differ-
ence in various ways by destroying natural habitats.

In the Odense River Basin we have examined which 
regional data could be used to describe the reference 
status of watercourses in Fyn County. We used data 
from seven “historical” (1942-1955) sites and data from 
14 sites with present-day data (including the sites with 
historical data). Comparison of the macroinvertebrate 
fauna shows that there is a clear difference between 
old (historical) and new data sets (fi g. 3.1.1). In making 
the analysis, attempts were made to compensate for 
the fact that the sampling methods employed earlier 
in time differ from those currently employed (quantita-
tive data have been normalized, a few species have 
been aggregated; in addition, species composition 
was tested on presence-absence data with the same 
result) Overall, the results indicate that it is not possible 
– even using the “best” stream sites currently available 
– to fi nd a macroinvertebrate fauna quite resembling 
that which previously existed (certain species have 
become extinct, and immigration is expected to take 
a very long time). The same situation undoubtedly 
applies to aquatic plants and fi sh, for which the data 
material is even sparser.

Paleolimnological data

Paleolimnological methods may be used – even 
in streams - to gain some impression of the com-
position of the macroinvertebrate fauna and fl ora 
in watercourses of the past – before the impact of 
human activities became extensive. Investigations 
of subfossil insect remains in “old” watercourse 
sediments have thus been successfully utilized to 
describe the macroinvertebrate fauna in the lower 
part of the Rhine (Germany/Holland) and the River 
Avon (England) 100–250 and 3000 years ago, 
respectively (Wilkinson 1987, Klink 1989). Such stud-
ies are probably also feasible in Denmark, especially 
in the fl oodplain of larger streams and rivers, e.g. 
the River Odense. The method has recently been 
tested using Trichoptera remains on 10300 year-old 
watercourse sediments from a large river now situ-
ated in the Great Belt (Wiberg-Larsen et al. 2001). At 
least twenty-four taxa were found, almost all found in 
present day Denmark. The climate at that time was 
at least as warm as today, although the terrestrial 
vegetation was quite different (sparse forest of birch 
and pines). 

Expert judgement

Expert judgement may, due to the fragmentary 
data described above, certainly be considered an 
essential possibility in order to describe reference 

Figure 3.1.1 
Bray-Curtis similarities 
between the macroin-
vertebrate fauna of his-
torical “reference” (1942-
1955: ref_old) stream 
sites, the recent fauna of 
the same sites (that may 
nowadays relatively un-
impacted: ref: new), and 
recent data from other 
relatively un-impacted 
stream sites (other_new) 
belonging to the three 
stream types in Fyn 
County. The simi-
larities are presented 
geographically using 
Multidimesional scaling 
(according to PRIMER 
5). Each point repre-
sents a specifi c site 
and date. The distance 
between sites refl ects 
the difference in fauna 
composition. Sites that 
are close are relatively 
similar, those far apart 
relatively different.
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condition for selected quality elements (e.g. the 
macrophyte fl ora, the macroinvertebrate fauna, or 
the fi sh fauna).

Suggestion for reference conditions

A good initial, general suggestion for the reference 
status of watercourses in Fyn County is a stream 
reach with a naturally “meandering” course, good 
hydraulic contact with its fl oodplain, no or very exten-
sive use of the surrounding land, generally varied 
physical conditions in and along the watercourses, 
unpolluted water with a low nutrient content, and a 
naturally varied fl ora and fauna both in and along the 
reach. The natural vegetation in Fyn County – as well 
as in the rest of Denmark - is woodland, and history 
of Danish forests is well documented from pollen 
studies in bogs and lake sediments. Thus, a wooded 
riparian zone, often dominated by alder (Alnus gluti-
nosa), is expected along reference streams.

Very little is known about the macrophyte assem-
blages associated with reference streams in Fyn 
County.  Qualitatively however, type 1 streams are 
expected to be inhabited by different species of 
aquatic mosses and Berula erecta, whereas B. 
erecta, Nasturtium microphyllum, Veronica anagalis-
aquatica, and Zannichellia palustris, may be found in 
type 2 streams. Type 3 reference stream sites may 
inhabited a high number of species, among others 
Batrachium circinatum, R. aquatile, Butomus umbel-
latus, Callitriche species, Hippuris vulgaris, Myriophyl-
lum spicatum, Nuphar lutea, Potamogeton species 
like P. alpinus, P. lucens, P. praelongus, P. pectinatus, 
P. perfoliatus, P. zosterifolius, and hydrids between 
these,  and Sagittaria sagittifolia. 

More can be predicted about the macroinvertebrate 
assemblages in reference streams in Fyn County – at 
least qualitatively. Thus, a list of characteristic species 
for each of the three types is shown in appendix 3.1. 
The list does, however, not include representatives 
of all taxonomic groups (the quantitatively important 
order Diptera are excluded due to insuffi cient knowl-
edge).  Regarding the groups presented in appendix 
3.1, it should be stressed at this point that the col-
lective Danish stream fauna include several other 
species. These have, however, never been recorded 
from Fyn, and they have probably not been here for 
maybe thousands of years after the point where Fyn 
and other Danish islands were separated from the 
European continent. Each stream type in appendix 
3.1 contains at least 5 species that “characterize” 
the most optimal fauna (i.e. faunal class 7) accord-

ing to the Danish Stream Fauna Index (DSFI) that was 
developed to classify stream quality and describe the 
human impact (both physically and chemically) on 
streams (see chapter 4 for a detailed description of 
this classifi cation system). Thus, there is a close link 
between the reference faunas shown in appendix 3.1 
and DSFI.  

The fi sh (including lampreys) fauna of streams in Fyn 
County is relatively poor in species, and even in a ref-
erence situation relatively few species are expected 
(as for the macroinvertebrates). Type 1 streams are 
primarily inhabited by trout (Salmo trutta), prima-
rily juveniles (0+), that may reach abundances of 
about 2-5 specimens m-2. Other characteristic spe-
cies are Lampetra planeri and Anguilla anguilla. The 
same species are also found in type 2 streams, often 
accompanied by Phoxinus phoxinus. Type 3 reference 
streams are expected to hold a relatively high number 
of species. Besides trout that here has a much wider 
age structure, the fi sh fauna may include Lampetra 
planeri, Pteromyzon marinus, Anguilla anguilla, Esox 
lucius, Lota lota, Phoxinus phoxinus, Leuciscus idus, 
Rutilus rutilus, Cobitis taenia, Gobio gobia, Perca fl u-
viatilis, Gasterosteus aculeatus, and Pungitius pungi-
tius. There are also old records of sturgeon (Acipenser 
sturio) from the River Odense, although the species 
may not have reproduced there.     

The physical properties of Danish streams may be 
described using a newly developed “physical index” 
(see NERI, 2004b) that includes a large variety of in-
stream and along-stream variables (see chapter 4 for 
at description of the index). Theoretically, the index 
operates along a scale from +63 to -12, although it is 
evident that the true maximum is less than +63. Thus, 
index values of reference stream sites in Lithuania (that 
are comparable to possible Danish reference streams) 
did not exceed +56 (NERI, unpublished) that is prob-
ably also the absolute maximum value for Danish ref-
erence streams. 

The “physical index” is (or is expected to be) well 
correlated with certain biological descriptors, e.g. the 
abundance of trout, macroinvertebrate assemblages, 
and assemblages of aquatic macrophytes. Therefore, 
in the absence of suitable national biological descrip-
tors for macrophytes and fi sh, the “physical index” 
may together with the Danish Stream Fauna Index be 
used to relate the classifi cation of ecological stream 
quality with reference condition as described above. 
Macroinvertebrates that are supposed to character-
ize reference stream types in Fyn County are pre-
sented in appendix 3.1.
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3.1.2 West Finland 

Historical data

The fi rst signs of human activities infl uencing the river 
Kyrönjoki are from the 1500s and 1600s when peas-
ants cleaned Voitila, Merikaarto and Hiirikoski rapids 
in the lower reach to help boat traffi c. The fi rst clean-
ings were done in the 1700s for fl ood protection. 
Observations of human activity damaging the water 
quality originate to 1700s when tar fl owing from tar-
burning pits was observed damaging the fi sh fauna 
(Turunen 1985). Also bog drainage was done already 
in the Middle Ages. In addition, there have been 
wide-ranging timber fl oating and building of mills at 
the river Kyrönjoki and for instance the Korsholma 
jurisdictional district had 180 watermills at the end 
of the 1800s. Most of rivers cleaning and construc-
tion have been done in 1900s and during the 1960s 
and 1970s. Rivers, artifi cial lakes, and plenty of gate-
structure dams, weirs, power plants and land drain-
age pumping stations were build.

Occasional water acidity and fi sh kills have been 
reported since the 1800s (for example in 1834, 1896, 
1937). Michael Thomanpoika Seppälä, a peasant 
from the Vähäkyrö village, wrote down an incident 
in the 1800s, when fi sh died at the lower part of the 
river during cleaning (Alasaarela 1985). So it is prob-
able that occasional acidity has occurred in the river 
already when land drainage projects were mainly 
done by hands. Damages have been most sub-
stantial in the 1960s and 1970s when land drainage 
projects were most effi cient. According to a report 
by Alasaarela and Heinonen (1984), in the beginning 
of the 1900s River Kyrönjoki still had buffer capacity 
preventing acidity during the fl oods; nowadays there 
is no alkalinity during spring fl ood. 

In its natural condition river Kyrönjoki had a sub-
stantially more diversifi ed fauna. Kyrönjoki fi sh fauna 
has included quite vigorous salmon, trout and sea 
whitefi sh populations and there has also been plenty 
of lamprey and crayfi sh in the river. The large rapids 
(Voitila and Merikaarronkoski) at the lower course of 
the river Kyrönjoki have been profi table places for 
catching salmon, and for instance in 1590 “Royal 
Majesty’s fi shermen” caught 9 barrels of salmon 
and 6 barrels of trout using fi ve salmon nets. That 
is 1.800 kilos of salmon and trout. The Voitila rapids 
were rented for catching fi sh until 1909. After that 
timber fl oating hampered fi shing so much that fi sh-
ing there was not worthwhile anymore. 

According to Turunen (1985), in 1560 six barrels 

(714 kg) of trout and in 1610 tree barrels (357 kg) 
of  small salmon were caught at the Voitila fi shery. In 
the Merikaarto village tree barrels of salmon (357 kg) 
were caught in 1565, nine barrels (1,071 kg) in 1570, 
and eleven barrels and four quartets (circa 1,400 kg) 
in 1572. Trout was also fi shed in the upper course 
of the river and trout dams were a common sight in 
the landscape of Kurikka village until the middle of 
the 1700s. As late as 1910, 100 kilos of salmon was 
caught from the river in Koivulahti region.

The river Kyrönjoki has apparently also been the 
most productive fi shing place for migratory white-
fi sh in South-Ostrobothnia and especially fi shing of 
whitefi sh has been very profi table at the Voitila, Meri-
kaarto and Kolkinkoski rapids in the 1800s. Annual 
whitefi sh catch varied between 11,000 – 23,100 kilos 
in 1876, 1878, 1881 and 1910. Fishes caught at the 
sea area were also included in the whitefi sh catch. 
(Tuomi-Nikula 1981). According to Turunen (1985), 
in 1565 four barrels and four quartets (490 kg)  of 
whitefi sh was caught in Merikaarto and in 1570 the 
catch was only one quartet (30 kg).

In the past centuries the river Kyrönjoki has also 
been an important breeding river for lamprey and the 
Voitila rapid was a good place for fi shing lamprey. 
Crayfi sh is probably not indigenous in the river Kyrön-
joki. The population has been planted in the 1800s, 
probably at the same time when the Ostrobothnian 
railway was founded. The river had a strong crayfi sh 
population before the second world war. Fishing was 
most intensive in the early 1950s, when allegedly you 
could get “as much crayfi sh from the river as you 
wanted”. Crayfi sh pest probably killed the crayfi sh 
population of the river Kyrönjoki in 1960.

The condition of most notable river watercourses of 
Ostrobothnia have been preliminary classifi ed based 
on zoobenthos (Hämäläinen et al. manuscript). 
Lower and middle part of Kyrönjoki have been clas-
sifi ed as good or moderate, whereas upper courses 
branches, River Kauhajoki and River Seinäjoki, were 
placed into the best class. The middle part of River 
Lapväärti, where there are fry production areas of 
sea trout, was also placed in the best class accord-
ing to the same classifi cation. Based on this informa-
tion it can be deduced that the reviving of sea trout 
population in Kyrönjoki requires improving the water 
quality to the same level as in River Lapväärti.

Based on historical fi sh catch and water quality 
information, and on zoobenthos data comparison, 
it can be deduced that the condition of the river 
Kyrönjoki has been substantially better than now. 
The original fi sh population of the river show that it is 
possible to set the aims for rivers water quality. The 
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conditions of waterbodies with more demanding fi sh 
fauna could be used as reference conditions. 

Case study on present-day data

Reference conditions for rivers were selected with 
the help of the material collected in the FIBRE-
project (in which appr. 100 rivers were analysed, see 
Hämäläinen et al. 2002). In the material of the project, 
sites that conformed to the following conditions were 
accepted as reference conditions:

a) proportion of arable land of the catchment area is 
less than 10 % 

b) there is no signifi cant point source pollution above 
the site

c) other human activity in the catchment is small

The data of this case study consisted only of small 
and middle-sized rivers (fi g. 3.1.2). Determining the 
reference conditions for other Finnish river types, i.e. 
for large (1,000–10,000 km2) and very large rivers 
(>10,000 km2) is diffi cult. The reason for this is that 

in practice these kinds of rivers are modifi ed, and 
hardly ever historical information on them is avail-
able. Besides, because Finnish rivers are nearly all 
quite heavily modifi ed excluding certain small areas, 
the researchers must make compromises selecting 
the reference condition areas.

The used data was measured from samples col-
lected with kick-net in the 1990s around Finnish 
rapids. Among the biological elements, especially 
the zoobenthos provides best information that 
applies all around Finland. At the moment, similar 
study of fi sh data is carried out by RKTL (Finnish 
Game and Fisheries Research Institute). The zoo-
benthos has mostly been identifi ed on the species 
level of species, but taxonomic resolution has varied 
in individual studies. The boundary values between 
the classes of high and good status are given in tab. 
3.1.1 and 3.1.2, where species with a frequency of  
0,5 are included and considered as reference con-
dition indicators. Preliminary reference conditions of 
rivers in West Finland on the basis of macrozoob-
enthos are presented in table 3.1.1.

Figure 3.1.2 
Reference streams 
may be diffi cult to fi nd 
– also in West Finland. 
One example is Ka-
tikanluoma, a small 
humic stream located 
in the uppermost part 
of the River Kyrönjoki 
catchment. Photo: 
Anna Swanljung, West 
Finland Environmental 
Reseach Centre).
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3.1.3 Schleswig-Holstein 

The reference conditions for hydromorphological, 
biological and physico-chemical quality elements 
for rivers will be developed for whole Germany by 
nation-wide working groups. The reference condi-
tions for the biological quality elements depend on 
the chosen sampling methods and metrics of the 
classifi cation system. However, the work  to design 
the system is still in progress and will probably be 
fi nished by the end of 2005. Actually all sampling 
methods and preliminary assessment methods are 
under discussion.

In Schleswig-Holstein there are no known naturally 
occurring areas or sites which could be used directly 
as reference waterbodies. Thus the type-specifi c 
reference conditions must be developed in a com-

Catchment size (km2) Catchment size (km2)
0- 10- 100- 1000- 0- 10- 100- 1000-

Taxon frequency Taxon frequency
Sphaerium corneum 0,7 Elmis aenae 0,6 1,0 1,0
Pisidium spp 0,9 0,9 Limnius volckmari 0,8 0,6
Oligochaeta 1,0 0,8 1,0 1,0 Oulimnius tuberculatus 1,0 0,9
Erpobdella octoculata 0,8 Rhyacophila nubila 0,7 0,8 1,0 1,0
Asellus aquaticus 1,0 1,0 0,8 0,9 Ithytrichia lamellaris 0,7
Baetis rhodani 0,7 1,0 Plectrocnemia conspersa 0,9 0,6
Baetis niger 0,8 Polycentropus flavomaculatus 0,6 0,6 0,8
Baetis fuscatus 0,8 Hydropsyche siltalai 0,8
Baetis vernus ( incl. sub., mac.) 0,6 1,0 Hydropsyche contubernalis 1,0
Heptagenia sulphurea 1,0 Cheumatopsyche lepida 0,8
Leptophlebiidae 0,6 0,5 0,0 0,8 Arctopsyche ladogesis 0,8
Ephemerella ignita 0,8 Lepidostoma hirtum 1,0
Taeniopteryx nebulosa 0,9 1,0 1,0 Athripsodes spp 0,6 0,9
Leuctra digitata 0,6 Ceraclea spp 1,0
Leuctra fusca 0,5 0,8 Limnephilidae 0,9 0,9 0,7
Leuctra hippopus 0,6 0,5 Dicranota spp 1,0 0,8
Protonemura meyeri 0,7 Ceratopogonidae 0,7 0,7 0,9
Nemoura spp 1,0 1,0 0,8 Simuliidae 1,0 1,0 1,0 1,0
Diura bicaudata 0,5 0,7 Empididae 0,5 0,6
Hydrophilidae 0,5 Limoniidae ja Tipulidae 0,8 0,5 0,7 0,6

Mean nr of indicator taxa/ ref. 
site 9,4 11,9 19,3 25,0

Table 3.1.1 
Preliminary reference 
conditions of rivers in 
West Finland on the 
basis of macrozoob-
enthos (Hämäläinen et 
al., unpublished).

Variable Type Boundary value of the high class 

EQR   > 0,8 

zoobenthos, species composition   share of all the  type-specific reference spe-
cies taxa 

zoobenthos, number of species 10–100 km2 > 18 

  100–1,000 km2 > 30 

  1000–10,000 km2 > 32 

fish, number of species   > 5 

Table 3.1.2 
Boundary values 
between the classes 
of high and good 
status in West Finland 
(Hämäläinen et al., un-
published).

bination of present data, historical data, models and 
expert knowledge. At present there are only short 
descriptions of the types available, the so-called 
“Steckbriefe”, which mainly focus on the morpholog-
ical description of references, but also present some 
information on biological components.

Morphological description of refer-
ence situations for each type

Morphological description of reference situations for 
each type is presented in Tab. 3.1.3 and Annex 3.2. 
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Biological references for quality ele-
ments

References for phytoplankton, macrophytes/phy-
tobenthos, macrozoobenthos and fi sh have to be 
developed depending on the used sampling and 
assessment method. In Germany, the assessment 
systems for the fauna and fl ora have been developed 
by scientifi c national working groups for rivers of all 
ecoregions since 2002. Actually only one assess-
ment system for macrophytes and phytobenthos 
which fulfi ll the requirements of the WFD could be 

fi nished with success. This assessment system is 
described in detail in chapter 4 as well as a case 
study for the type 21 lake outlets. The case study 
thereby also includes detailed macrozoobenthos lists 
for reference conditions, which are not shown here in 
favour of a coherent presentation in chapter 4 of the 
whole description and assessment of lake outlets. 
The above mentioned Steckbriefe also presents lists 
of indicative species for types that are probably rel-
evant for achieving the good status (Appendix 3.3).

A tentative reference list for fi sh species, which 
also recognizes biogeographic and catchment spe-
cifi c distributions of fi sh species, was elaborated by 
an internal working group (Appendix 3.4.).

3.1.4 Gdansk 

The WFD reference conditions may be either spa-
tially based or based on modelling, or may be 
derived using a combination of the methods. When 
such methods are not available the use of expert 
judgement is allowed to establish the reference con-
ditions. The methods should be based on historical 
and other available data and should provide a suf-
fi cient level of confi dence about the values for the 
reference conditions to ensure that the conditions so 
derived are consistent and valid.

Although at present moment there is little available 
monitoring data regarding the biological elements of 
the aquatic environment in the Pasleka sub-basin, 
it is possible to state that there are some potential 
areas were reference conditions for surface water 
bodies may be found. The assumption is based on 
available physic-chemical and saprobic data as well 
as data on natural hydromorphological information.

Thus, there may be selected three sites in the 
Pasleka sub-basin for the further investigation of 
river water bodies (fi g. 3.1.3):

Table 3.1.3 
Tentative type-specifi c 
reference conditions for 
the substratum compo-
sition in German water 
courses. Numbers 
indicate the percent-
age cover on the river 
bottom.

type mud sand mud + 
sand

gravel stone dead woody 
debris

macrophytes detritus, tree 
roots 

14 < 10 30 – 50  20 – 40 > 10 > 10 < 10 + 

15 < 10 20 – 50  20 – 40 > 10 > 5 < 20 + 

16  < 40  20 – 80 > 10 > 10  + 

17  < 25  25 – 80 > 10 > 5 < 20 + 

19 < 30 < 50 < 60   > 10 10 – 30 > 20 

21 < 30 < 60 < 70 > 5  > 10  + 

Figure 3.1.3 
Three sites in the 
Pasleka sub-basin are 
selected for the further 
investigation of river 
water bodies: 1. Walsza 
river spring area, 2. 
Opin spring area, 3. 
Pasleka river spring 
area.
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1. Walsza river spring area
2. Opin spring area
3. Pasleka river spring area

3.1.5 Kaliningrad 

The pilot catchment of the river Mamonovka is a 
trans-boundary object. According to the Water 
Framework Directive and the ECE Convention “Pro-
tection of Trans-Boundary Waters”, the manage-
ment of a trans-boundary catchment should be 
provided by the principle of an integral catchment 
approach. Thus, it is necessary to elaborate a plan 
of a joint catchment management together with the 
Polish side. It is necessary to work out and adopt 
a common programme of the research monitoring 
the results of which will be useful for determining the 
indicators for the reference conditions.

As far as the water courses of the Russian Fed-
eration are concerned in general, and those of the 
Kaliningrad region in particular, it is quite possible to 
use the data of the national background monitoring 
which is being carried out in the very clean areas. 
The network of the background monitoring has been 
in existence for several decades and has got an 
extensive database which gives an opportunity to 
extrapolate these observations for the rivers of Kalin-
ingrad region. This approach may be perspective if it 
will possible to identify the water object under con-
sideration and the background object by typology.

Another approach to the defi nition of the refer-
ence conditions is the modelling. This approach has 
its positive side in the sense that in the region there 
is quite enough information on the hydrological and 
hydrochemical regime of the pilot water course. The 
dynamics of the nutrients changeability has been 
found out; this concerns the phosphorus and nitro-
gen forms. The chemical composition of the run-off 
is substantially studied. In the case of the prognos-
tic Water Quality Modelling, for instance, MIKE 11 or 
MIKE 21 are used, it might be reasonable to develop 
a scenario of the reference conditions.

In our opinion, the third and the most perspective 
approach in the framework of new approaches to 
the ecological status of water bodies, is to carry out 
comprehensive researches together with the Polish 
side. It would be necessary to summarize the data 
collected by both countries related to the behaviour 
of the biological species inhabiting the water body 
and to defi ne the biological parameters which may 
serve as biological tests. These may be, for example, 

macrophytes. 
Some attempts were made to assess the eco-

logical status of the water course with the help of 
biological indicators,  for instance,  one of the trans-
boundary water courses with Rotifera species which 
are extremely exigent to the cleanness of water. The 
test concerned the population and biomass. The 
data received was compared with the concentra-
tion of organic matters. The results have turned to 
be quite contradictory. Thus a conclusion was drawn 
that the organic matter indices of the water quality 
are more changeable in time and refl ect a momen-
tary situation, while hydrobiological characteristics 
have revealed an integral feature of the river.

3.1.6 Båstad, Laholm 

At national level, the Swedish Environmental Protec-
tion Agency has determined that the (revised) envi-
ronmental quality criteria are to provide the point of 
departure for type classifi cation, calculation of ref-
erence values, and classifi cation of water status to 
establish which water bodies achieve the objective of 
good ecological status as defi ned in the Directive. 

Environmental quality criteria are the instruments 
that most resemble the classifi cations used in the 
Framework Directive. The current quality criteria are 
based on somewhat different scales and interpreta-
tions than are the point of departure in the EU guide-
lines. One general problem with the current quality 
criteria is that they are not always based on evalua-
tions of reference conditions, but rather on tolerable 
deviations or a classifi cation built on prevailing con-
ditions (i.e. the reference values from the 1999 qual-
ity criteria). The current criteria usually do not include 
the biological connection. The limits differ, depend-
ing on the parameters measured, and a relative clas-
sifi cation is determined. The current environmental 
quality criteria do not describe a desired state to be 
achieved, but instead assess the degree of human 
impact and the extent to which that impact may 
affect the environment. More, and more relevant, 
reference values are being derived in the ongoing 
revision of the environmental quality criteria. These 
new reference values will be based on conditions in 
unaffected water and will be type specifi c, i.e. will 
represent different types of water.

In the ongoing work of drawing up reference values 
for Swedish watercourses, The Swedish Environ-
mental Protection Agency has abandoned classifi -
cation by types in favour of a division of Sweden into 
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3-5 regions (depending on the relevant biological 
quality factor), and deriving reference values for each 
region. The division into regions is based on factors 
such as height above sea level, geology, etc. 

For inland water, relatively current data is used, 
data collected in the national and regional environ-
mental monitoring work, national inventories, etc. 
Thus the reference conditions being derived as part 
of the ongoing revision of the environmental qual-
ity criteria will not always correspond to unaffected 
conditions for certain watercourses. The water-
courses that can be considered relatively unaffected 
reference water have been sifted out of the mate-
rial using a fi lter. The following criteria were used to 
select reference water: the percentage of affected 
land use as fi elds and clear-felled areas in the catch-
ment area was to be less than 10 %, respectively, 
and the percentage of densely-built area less than 
0.1 %. Total-P was to be less than 10 µg/l, with the 
exception of the Arctic alpine zone (Illies 20), where 
total phosphorous was not to exceed 8 µg/l. If total 
phosphorous does exceed the stated level, this does 
not necessarily mean that the reference water has to 
be rejected. The high level may correspond to a non-
biological accessible P-fraction relating to the humus 
substances that colour the water brown. Regression 
models for the relationship between total phospho-
rous and the colour of the water (AbsF) have been 
developed. The pH has to be > 6.0, and the status 
class for metals must not be lower than 2 in accord-
ance with the current environmental quality criteria. 

Revision of the environmental quality criteria is, 
thus, ongoing for several biological and chemical 
quality factors. Moreover, new environmental qual-
ity criteria are being derived, for example for hydro-
morphological quality factors. At the time of writing, 
various proposals have been made in manuscripts or 
unpublished reports for environmental quality criteria, 
and reference conditions. The Swedish Environmen-
tal Protection Agency has not as yet either adopted 
or made any decisions regarding these proposals, 
that they should be the ones used in status clas-
sifi cation pursuant to the Framework Directive. The 
Swedish Environmental Protection Agency expects 
to have completed revising the environmental quality 
criteria in early 2006. For this reason, in this report 
we mainly describe the reference values for the qual-
ity criteria used to assess ecological status in our 
pilot project area, the Stensån area.

Water chemistry

Work is ongoing to revise the environmental quality 
criteria (for example for total nitrogen and total phos-
phorus) and to derive new reference conditions, for 
quantifi cation of the deviation from a natural state.

Eutrophying substances

In the current environmental quality criteria, devia-
tion from a reference value can be calculated for the 
area-specifi c total nitrogen loss in the watercourse. 
According to Wilander (2004), focus is more on the 
properties of the catchment area than on the effects 
in the watercourse. Instead, the proposed environ-
mental quality criteria for eutrophying substances 
(Wilander 2004) suggest using the status regard-
ing total nitrogen in lakes according to the current 
environmental quality criteria to assess total nitro-
gen in the watercourse. The status should be based 
on mean values from three years, preferably with 
monthly sampling.

Work is going on to revise the current environmen-
tal quality criteria for total phosphorus. 

Periphphyton-diatoms

Work is ongoing to revise the current environmental 
quality criteria.

Macrophytes

Work is ongoing to revise the current environmental 
quality criteria.

Benthic fauna

The revision work of the current environmental qual-
ity criteria for benthic fauna in watercourses is under 
development, but no criteria have yet been com-
pleted or adopted. Below, we report on some of the 
results of the study of Johnson & Goedkoop (2005). 
They used benthic fauna data  from the national 
inventory made in 2000 for analyses and deriva-
tion of reference values. Reference values were not 
derived for different types of watercourses. Instead, 
regional reference values were drawn up on the basis 
of Illies ecoregions in Sweden (Illies ecoregions 14, 
20 and 22). The current environmental quality criteria 
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are based on the classifi cation of regions drawn up 
by the Nordic Council of Ministers, which overlap in 
some respects with Illies ecoregions (tab. 3.1.4).

Median values for populations in non-affected 
watercourses (n=353) were used to draw up regional 
reference values for different indexes. Tab. 3.1.5 only 
gives preliminary reference values for a few of the 
indexes studied. These were also used for the status 
classifi cations in Stensån. For comparisons, refer-
ence values for the Nemoral zone are also given, 
according to the current environmental quality cri-
teria (SEPA, 1999 and 2000, referred to elsewhere 
as Bg99).

The large freshwater bivalves, thick shelled river 
mussel (Unio crassus) and freshwater pearl mussel 
(Margaritifera margaritifera), are Nature 2000-spe-
cies occurring in Swedish watercourses. These 
species are potential biological indicator species, 
and might also be used as biological environmental 
quality norms (SEPA, 2003). They could very well be 
used in addition to the environmental quality crite-
ria to establish the status of watercourses (there is a 
relatively large amount of historical material in Swed-
ish museums). If there are robust stocks of these 
mussels with functioning reproductive systems and 
new recruitment of various size categories, this is 
indicative of good water quality and little anthro-
pogenic impact on the watercourse. Both species 
have long life expectancy, approximately 60 and 150 
years, respectively. If there are only large, (i.e. older) 
individuals in the watercourse, this indicates that the 
conditions were once good, but have deteriorated 
for one or more reasons. Acidifi cation may have led 
to the elimination of host fi sh, the bottom may have 
become covered with sludge, cleaning and chan-
nel building may have destroyed suitable biotopes, 
obstacles to migration may have been constructed, 
which prevent host fi sh from migrating freely through-
out the watercourse, alien species with which the 
watercourse has been restocked may have affected 
stocks, pesticides and other substances may have 
impacted negatively on the water quality.

Fish

New environmental quality criteria are being derived 
for coastal waters where there are salmon and sea 
trout. The HÖL index (Atlantic salmon and sea trout 
index, referred to below as HÖL) consists of com-
parisons with “unaffected” reference sites. The con-
dition of the sites is assessed through a combination 
of expert judgements, water chemistry data, fi eld 

visits and GIS. Work with the index has been based 
on electrofi shing results in 52 geographically diverse 
areas with 114 electrofi shing sites (shallow, sec-
tions with current, which are typical growing areas 
for salmon and sea trout fry) in coastal waters. Field 
visits were made to these sites to collect data on the 
nearby shore areas and water habitats. An expert 
judgement of the anthropogenic impact on the sites 
was also made at the same time. Changes in hydro-
morphology and physical impact were investigated 
for each catchment area using GIS (Degerman et 
al. 2005). The index was reduced to 10 indicators, 
based on the results of electrofi shing, because they 
correlated well with the impact indicators assessed 
by the experts. The index has not yet been com-
pleted, but is under further development (Degerman 
oral communication).

In conjunction with the study made for the EU 
report, it was found that preliminary adjustments to 
the environmental quality criteria of the class limits 
for the fi sh index needed to be made (FIXW, see 
tab. 3.1.6) (Holmgren et al. 2004). In this study, the 
electrofi shing results registered in the Swedish Elec-
trofi shing RegiSter (SERS) were used. However, only 
standardised electrofi shing results (with information 
regarding width, area where electrofi shing sampling 
took place, and length of all fi sh registered) for the 
period 1994-2003 were used, i.e. 11,824 electrofi sh-

Table 3.1.4 
Classifi cation by re-
gions for assessment of 
benthic fauna, accord-
ing to both Illies ecore-
gions in the revised 
environmental quality 
criteria and the clas-
sifi cation of the Nordic 
Council of Ministers 
for the current environ-
mental quality criteria.

Regions according to 
Illies, revised environ-
mental quality criteria 

Regions according to the 
Nordic Council of Minis-
ters (1984), current envi-
ronmental quality criteria 

14 Boreonemoral and 
nemoral zone 

20 Arctic alpine zone 

22 Boreal zone 

Index/ Reference values by ecoregions for 
watercourses (proposed) 
14 Nemoral, 
Bg99)

20 22 

Number of 
taxa

21 23 15 

ASPT 5.4 (4,8) 6.7 6.6 

DSFI 4 (5) 7 6 

Medin's
acidity index 

6 (6) 5 3 

Table 3.1.5 
Proposed ecoregional 
reference values for 
different benthic fauna 
indexes in running 
water, in the revised 
environmental quality 
criteria. Values stated in 
brackets and italics are 
reference values ac-
cording to the current 
environmental quality 
criteria and for the 
Nemoral region, which 
includes Stensån.
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ing occasions at 5,654 electrofi shing sites. The fi sh 
index (FIXW) proved to be insensitive in comparison 
with HÖL. The  index consists of seven indicators 
(number of species, weight/100m2, number/100m2, 
percentage of salmonides (depending on fl ow and 
height above sea level), reproduction of salmonides, 
occurrence of species sensitive to acidifi cation and 
stages, percentage of alien species). Deviation from 
a reference value was calculated for the number of 
species. The reference value was based on the size 
of the catchment area and the proportion of lakes 
in the area, as well as the width of the electrofi sh-
ing site. This reference value describes typical rather 
than unaffected conditions. Other indicators are clas-
sifi ed directly from 1-5. A mean value of the seven 
indicators is then calculated and they, in turn, are 
classifi ed from 1-5 (tab. 3.1.6). These classifi cations 
do not translate perfectly, however, into the classifi -
cations of high, good, moderate, unsatisfactory and 
bad status in the Framework Directive.

At the time of writing, comparisons are being 
made between FIXW and HÖL, as well as with EFI 
(European fi sh index), and fi ndings indicate that HÖL 
is a stricter index than the other two (Degerman oral 
communication). Because HÖL can only be used in 
watercourses containing fi sh that migrate to the sea, 
this index cannot always be used for entire catch-
ments, nor can it be used in all Swedish catchments. 
For this reason, the Swedish National Board of Fish-
eries is working to further develop FIXW, with the 
help of HÖL, with a view to making it useful in relation 
to all Swedish watercourses.

3.2 Lakes

3.2.1 Fyn County 

None of the lakes in Fyn County can be said to hold 
reference status as they are all more or less affected 
by enhanced nutrient loading. Paleolimnological 
studies in Danish lakes show that the best proposal 

for reference status from the temporal point of view is 
the period around 1850–1900 (according to National 
Environmental Research Institute, Denmark). Pale-
olimnological studies have been undertaken in a few 
lakes in Odense River Basin. The results are sum-
marized below. The phosphorus content back in 
time has been calculated (reconstructed) from the 
composition of the diatoms in the sediment, and 
present-day relations between phosphorus content 
and diatom assemblages. The concentrations are 
therefore subject to some degree of uncertainty, 
although the method is generally considered reliable. 
Let’s look at some examples.

Lake Dallund
The lake is described on the basis of an approx. 11 
m sediment core covering approx. 7 000 years BP. 
The results of the biological and physico-chemical 
measurements indicate that the lake was in a stable 
state up to the end of the Bronze Age (around 2700 
years BP). The phosphorus concentration was then 
around 0.020 mg/l. At this point changes took place 
due to increased agriculture. Greater changes took 
place in the Middle Ages after the introduction of the 
wheel plough and forest clearance, with a resultant 
marked increase in nutrient input. In that period, the 
phosphorus concentration reached as high as 0.175 
mg/l. After a minor fall in phosphorus concentration 
in the 18th Century, the impact of human activity 
increased markedly again up to the beginning of the 
1990s. After the cessation of wastewater discharge 
into the lake and restoration in the form of bioma-
nipulation, the phosphorus concentration has again 
fallen to 0.059 mg/l in 2000 (average for the summer 
period).

Lake Langesø
The phosphorus concentration in Lake Langesø was 
already high in 1850 (0.135 mg/l) and increased con-
siderably until around 1900 (to approx. 0.180 mg/l) 
and again after 1950 (to approx. 0.220 mg/l). The 
eutrophication that took place at the end of the 19th 
Century is probably attributable to a manor located 
near the lake. New investigations of a deeper sedi-
ment core show that the phosphorus content was 
also high before 1850. The lake is apparently natu-
rally eutrophic, probably as a result of the infl ow of 
phosphorus-rich water from naturally phosphorus-
rich soil layers. In 2002, the phosphorus concentra-
tion was 0.172 mg/l.

Table 3.1.6 
Final, adjusted class 
limits for mean value 
of the indicator for an 
overall assessment 
of status, i.e. the fi sh 
index for watercourses 
(FIXW). Source: Table 
17 in Holmgren et al. 

(2004).

Mean value of indicators Status class 

Lower limit Upper limit 

1 1.00 1.60 

2 1.60 2.18 

3 2.18 2.79 

4 2.79 340 

5 3.40 5.00 



3. REFERENCE CONDITIONS

65

Lake Nørresø
Investigations of plant remains have shown that 
well-developed submerged macrophyte vegetation 
formed at the end of the 18th Century, probably after 
lowering of the water level. The phosphorus con-
centration was approx. 0.030 mg/l around 1850 and 
increased to around 0.060 mg/l up to 1900. Around 
1930, and after 1950, the concentration increased 
markedly, peaking at 0.120 mg/l around 1970. In 
2002, the phosphorus concentration was 0.073 mg/l 
following biomanipulation (removal of coarse fi sh).

Lake Søby
An investigation of algal pigment residues in the lake 
sediment indicates that the composition of the algal 
community was relatively stable from the end of the 
19th Century and up to around 1940, where after a 
marked increase in eutrophication took place over 
the period 1950 -1977. The phosphorus concentra-
tion has not been reconstructed.

Establishment of reference status

The data material for establishing the reference status 
of the various lake types is rather weak. In addition, 
it is easily seen from the presented examples that 
each lake has its own history. Therefore, although it 
is possible to describe assemblages of e.g. diatoms, 
submerged macrophytes, Cladocera, and Chirono-
midae, it is diffi cult to describe reference conditions 
that are common to more than one lake. Based on 
data for the cleanest Danish lakes the National Envi-
ronmental Research Institute has therefore proposed 
reference values for water chemistry parameters for 
the three most common types of lake (tab. 3.2.1). 
As is apparent from tab. 2.2.2 (see chapter 2.2 on 
Typology), by far the majority of the lakes in Odense 
River Basin belong to the alkaline, shallow type, with 
only a few lakes belonging to the other two types. 
None of the lakes in Fyn County is expected to have 
reference status according to these criteria.

In order to be able to establish reference status for 
the other lake types, further data and possibly also 
expert judgements are needed.

Lake type: 

Parameter 

Low alkaline, 
shallow 

(< 3m, < 0.2 meq/l)

Alkaline, shallow 

(< 3m, > 0.2 meq/l)

Alkaline, deep 

(> 3 m, > 0.2 meq/l)
Total phosphorus (mg/l) 0.010 0.015 0.008 

Total nitrogen (mg/l) 0.37 0.4 0.38 

Chlorophyll a (µg/l) 2.5 3.7 3.9 

Secchi depth (m) 4.1 3.8 5.4 

Table 3.2.1 
Reference values for 
three lakes types (lakes 
larger than 1 ha) pro-
posed by the Danish 
National Environmental 
Research Institute. 
Values are summer 
means.

Reference lakes - like 
this one in the Polish 
Pasleka catchment 
- are different to 
fi nd in e.g. Fyn and 
Schleswig-Holstein. 
Photo: Peter Wiberg-
Larsen, Fyn County.
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3.2.2 West Finland 

Case study on present-day data

In order to develop the ecological classifi cation and 
typology of lakes as provided in the Water Frame-
work Directive, the Finnish environmental authorities 
have divided water sampling locations and locations 
for biological sampling into sites under little pollution 
load or otherwise little altered and into sites altered by 
human activity (Vuoristo 2004). Biological data, e.g. 
of phytoplankton, benthic fauna, and macrophytes 
collected at sites under little pollution load have been 
used in calculating the reference conditions.

Regular monitoring of lake water quality and load-
ing or otherwise altering activity has been started 
already in 1960s in Finland, which is a good starting 
point for choosing a surface water sampling location 
least altered by human activity that could be used as 
a reference site. In unclear cases, water quality and 
its recent development have been used in assessing 
the suitability of a sampling location. It was espe-
cially problematic to estimate the impact of forest 
ditching, which had been conducted in nearly every 
catchment area. In preliminary inspection, approxi-
mately 50 per cent of the sampling locations at lakes 
were only little under the impact of human activity. 
(Vuoristo 2004).

In the division of sampling sites, the following 
kinds of locations altered by human activity were 
excluded:

– sites at poor and bad status in usability classifi ca-
tion

– sites included in recipient control programme 
except for the so-called background stations and 
remote effect areas

–  on the basis of maps: sampling locations at lakes 

in intensive agricultural area, for which the criteria 
are approximately 30 % of the catchment is arable 
land, and more importantly, arable lands in the 
immediate catchment area that directly abut on 
lakes.

– lakes, in whose immediate catchment area there 
is forest or wet land ditching on the basis of map 
review

– sampling locations at heavily modifi ed lakes and 
artifi cial lakes

– sampling locations at lakes surrounded by dense 
settlement (permanent or holiday settlement); 
especially sampling sites at lakes which are sur-
rounded by a relatively large number of houses 

– sampling locations at lakes next to population 
centres
 
The phytoplankton communities in the river basin 

of the Vuoksi (South East Finland) have been tested 
for establishing the classifi cation (Lepistö et al. 2003). 
The boundary values of the class of high status for 
different lake types have been determined on the 
basis of the biomass measured in July (tab. 3.2.2). 
Lakes that were chosen as reference lakes were the 
most pristine. The material is too narrow for calculat-
ing the defi nite boundary values. 

Lepistö et al. (2003) state that EQR, the ratio 
basing on biomass value, which describes the eco-
logical quality was uniform with the estimated status 
of lakes, pollution load, and typology. Several taxa 
of phytoplankton occur in all kinds of water, but 
eutrophication has caused clear changes in the spe-
cies composition. It is especially important to identify 
the typical indicator species for each type of lake: by 
analysing only the dominant species the diversity of 
species cannot be detected, and rare species typi-
cal of a water body may remain without attention.

3.2.3 Schleswig-Holstein 

Defi ning reference conditions for the 
risk assessment (article 5 report)

According to the Water Framework Directive (Annex 
II, 1.3, Annex V, 1.2) there was a need for the estab-
lishing of type-specifi c reference conditions to enable 
a risk analysis of achieving good ecological quality 
status of lake water bodies.

During the time of carrying out this risk assess-
ment type-related reference conditions of biological, 

Table 3.2.2 
The boundary values 
between the classes of 
high and good status 
for different types of 
lake in the river basin 
of the Vuoksi, West 
Finland. The values 
have been calculated of 
fresh biomass of phyto-
plankton (mg/l).

Type of lake Biomass, 
mg/l 
(75%ile)

medium-sized, unproductive, clear 0,2 

large, unproductive, clear 0,3 

medium-sized, unproductive, brown 1,7 

large, unproductive, brown 0,4 

medium-sized, unproductive, dark 0,9 
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hydromorphological and chemical quality elements 
were not yet available neither on regional nor on 
national scale. Alternatively a classifi cation system 
established by the LAWA (1998) has been used 
alternatively. It considers the trophic status of a lake, 
using hydromorphological and topographic data to 
calculate a potentially natural phosphate concentra-
tion, Secchi depth and chlorophyll a concentration. 
This model allows at least an idea of the trophic level 
of lakes under reference conditions.

However, this classifi cation tool only differentiate 
between stratifi ed and not stratifi ed lakes and does 
not consider additional hydromorphological and 

physico-chemical characteristics that have been 
used for the defi nition of the 5 lake types according 
to the WFD (see chapter 2.2.3). Accordingly the fol-
lowing reference conditions were defi ned for the 5 
abiotic WFD- lake types (tab. 3.2.3).

Current status of establishing reference conditions 
for biological quality elements

The ecological status of lakes has to be assessed 
by means of the four biological quality elements phy-
toplankton, macrophytes/phytobenthos, invertebrate 
fauna and fi sh. In Germany, the assessment systems 
have been developed by scientifi c national working 
groups for lakes of all ecoregions since 2002. Actu-

Lake types Type 10 

calcareous lakes, 

relatively large 

catchment area, 

thermal stratified 

Type 11 

calcareous lakes, 

relatively large 

catchment area, 

thermal unstrati-

fied, retention 

time > 30 days  

Type 12 

calcareous (river-

ine) lakes, rela-

tively large 

catchment area, 

thermal unstrati-

fied, retention 

time 3-30 days  

Type 13 

calcareous lakes, 

relatively small 

catchment area, 

thermal stratified 

Type 14 

calcareous lakes, 

relatively small 

catchment area, 

thermal unstrati-

fied  

Temperature continuous ther-

mal stratification 

in summer at 

deepest point, 

large hypolimnion 

weak or lacking 

thermal stratifica-

tion at deepest 

point

no thermal strati-

fication 

continuous ther-

mal stratification 

in summer at 

deepest point, 

large hypolimnion

weak or lacking 

thermal stratifica-

tion at deepest 

point

Oxygen  Oxygen concen-

tration in deep 

water above 4 

mg/l O2 at the end 

of the stagnation 

period

Oxygen depletion 

possible above 

the lake bottom in 

summer 

No oxygen deple-

tion due to con-

stant turbulent 

mixing and short 

residence time 

Oxygen concen-

tration in deep 

water above 4 

mg/l O2 at the end 

of the stagnation 

period

Oxygen depletion 

possible above 

the lake bottom 

in summer  

Chlorophyll a - 

concentration 

[µg/l] 

< 3 10 to 30 19 to 30 < 3 5.4 to 10 

Secchi depth > 5.80 0.9 to 2.30 0.9 to 1.4 > 5.80 1.40 to 2.30 

Phosphate 

concentration 

[µg/l] 

< 15 15 to 150 85 to 150 < 15 15 to 85 

trophic level oligotrophic meso- to high eu-

trophic

high eutrophic oligotrophic meso- to eutro-

phic

Table 3.2.3 
Characterisation of 
reference conditions 
for lake types in the 
German lowlands 
according to LAWA 
(1998), used for the risk 
assessment.



3. REFERENCE CONDITIONS

68

ally only one assessment system for macrophytes 
and phytobenthos which fulfi ll the requirements of 
the WFD could be fi nished with success, described 
in detail in chapter 4. The work on the assessment 
system for phytoplankton will assumably fi nished at 
the end of 2005. The assessment systems for the 
invertebrate fauna and fi sh fauna are also nearly fi n-
ished, but currently it is intensively discussed, if they 
are suitable indicators for the evaluation of the eco-
logical status of lakes at all.

3.2.4 Gdansk 

The type specifi c reference conditions were based on 
a lake database with reference to available informa-
tion concerning pressures, physico-chemical qual-
ity assessment, statistical data handling regarding 
the eutrophication parameters (phosphorus, nitrate, 
chlorophyll and transparency), available phytoplank-
ton and microphyte data.

The potential reference lakes were selected fi rstly 
on the basis of the land use in the catchment. For the 
needs of the reference water bodies the catchments 

with major share of natural forests and wetlands 
were considered or eventually extensively managed 
grasslands and pastures with very little share of agri-
cultural land or urban areas. The presence of munic-
ipalities close to a lake excluded such waterbody 
from the list of potential reference ones. However, 
villages far from the lake shore was not treated in a 
very restrict way. Another essential element of the 
assessment was tourist pressure. 

On that basis there was selected one potential ref-
erence lake in the middle of the Pasleka sub-basin, 
the Wuksniki lake (fi g. 3.2.1).

3.2.5 Kaliningrad 

The lakes in Kaliningrad region are poorly inves-
tigated; the lack of long-term researches with the 
exception of microbiological ones does not make it 
possible at present to defi ne approaches to the ref-
erence conditions.

It might be necessary to carry out an operational 
monitoring of the lakes making a strict ranging of 
them by typology with the subsequent classifi cation 
by the degree of phytoplankton development and to 
reveal the background conditions. 

3.2.6 Båstad, Laholm 

At national level, the Swedish Environmental Protec-
tion Agency has determined that the (revised) envi-
ronmental quality criteria are to provide the point of 
departure for type classifi cation, calculation of ref-
erence values, and classifi cation of water status to 
establish which water bodies achieve the objective of 
good ecological status as defi ned in the Directive. 

Environmental quality criteria are the instruments 
that most resemble the classifi cations used in the 
Framework Directive. The current quality criteria are 
based on somewhat different scales and interpreta-
tions than are the point of departure in the EU guide-
lines. One general problem with the current quality 
criteria is that they are not always based on evalua-
tions of reference conditions, but rather on tolerable 
deviations or a classifi cation built on prevailing con-
ditions (i.e. the reference values from the 1999 qual-
ity criteria). The current criteria usually do not include 
the biological connection. The limits differ, depend-
ing on the parameters measured, and a relative clas-
sifi cation is determined. The current environmental 

Figure 3.2.1 
Lake Wuksniki in the 
middle of the Pasleka 
sub-basin was selected 
as a potential reference 
lake.
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quality criteria do not describe a desired state to be 
achieved, but instead assess the degree of human 
impact and the extent to which that impact may 
affect the environment. More, and more relevant, 
reference values are being derived in the ongoing 
revision of the environmental quality criteria. These 
new reference values will be based on conditions in 
unaffected water and will be type specifi c, i.e. will 
represent different types of water.

In the ongoing work of drawing up reference 
values for Swedish lakes, The Swedish Environmen-
tal Protection Agency has abandoned classifi cation 
by types in favour of a division of Sweden into i 3-5 
regions (depending on the relevant biological quality 
factor), and deriving reference values for each region. 
The division into regions is based on factors such as 
height above sea level, geology, etc. 

For inland water, relatively current data is used, data 
collected in the national and regional environmental 
monitoring work, national inventories, etc. Thus the 
reference conditions being derived as part of the 
ongoing revision of the environmental quality criteria 
will not always correspond to unaffected conditions 
for certain lakes. The lakes that can be considered 
relatively unaffected reference water have been sifted 
out of the material using a fi lter. The following criteria 
were used to select reference water: the percentage 
of affected land use as fi elds and clear-felled areas 
in the catchment area was to be less than 10 %, 
respectively, and the percentage of densely-built area 
less than 0.1 %. Total-P was to be less than 10 µg/l, 
with the exception of the Arctic alpine zone (Illies 20), 
where total phosphorous was not to exceed 8 ug/l. If 
total phosphorous does exceed the stated level, this 
does not necessarily mean that the reference water 
has to be rejected. The high level may correspond 
to a non-biological accessible P-fraction relating to 
the humus substances that colour the water brown. 
Regression models for the relationship between total 
phosphorous and the colour of the water (AbsF) 
have been developed. The pH has to be > 6.0, and 
the status class for metals must not be lower than 2 
in accordance with the current environmental quality 
criteria. Limed lakes are rejected. 

Revision of the environmental quality criteria is, 
thus, ongoing for several biological and chemical 
quality factors. Moreover, new environmental qual-
ity criteria are being derived, for example for hydro-
morphological quality factors. At the time of writing, 
various proposals have been made in manuscripts or 
unpublished reports for environmental quality criteria, 
and reference conditions. The Swedish Environmen-
tal Protection Agency has not as yet either adopted 

or made any decisions regarding these proposals, 
that they should be the ones used in status clas-
sifi cation pursuant to the Framework Directive. The 
Swedish Environmental Protection Agency expects 
to have completed revising the environmental quality 
criteria in early 2006. For this reason, in this report 
we mainly describe the reference values for the qual-
ity criteria used to assess ecological status in our 
pilot project area, the Stensån area.

Water chemistry

Work is going on to revise the environmental quality 
criteria (for example for total nitrogen and total phos-
phorus) and to derive new reference conditions for 
quantifi cation of deviations from natural conditions.

Eutrophying substances

In the current environmental quality criteria, status 
can only be assessed for total nitrogen in lakes, but 
no reference value are currently available. In a pro-
posal for new, revised criteria for eutrophying sub-
stances (Wilander 2004), it is proposed that this 
status can be used for the assessment. The status 
should be based on mean values from three years, 
with a sampling frequency of at least six samples per 
year.

Work is going on to revise the environmental qual-
ity criteria for total phosphorus. 

Acidifi cation

Model calculations can be used as quality criteria 
for assessment of acidifi cation in lakes. In Sweden 
work is going on, for example, to further develop the 
MAGIC model (Model of Acidifi cation of Groundwa-
ter in Catchments). This model can calculate both 
historical and future value of pH. For instance, pH 
development has been calculated for 1860-2100 in 
Swedish reference lakes, where 1860 represents 
pre-industrial reference conditions (see http://www.
ivl.se/affar/grundl_miljos/proj/magic/intro.asp).

Phytoplankton

Work is going on to revise the current environmental 
quality criteria (Willen draft manuscript). For phyto-
plankton, a division into 4 regions is used: mountains 
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above the timber line, the Norrland area between 
the highest coast line (HK) and the timber line, the 
Norrland coastal area below the HK, and southern 
Sweden as bounded by Limes norrlandicus. In addi-
tion to the division into regions, a second division 
was made on the basis of occurrence of the spe-
cies Gonyostomum semen in the lake. Lakes where 
the species occurs in > 5% of the total biomass are 
regarded as Gonyostomum lakes.

Proposed reference values exist for:
Total biomass
Cyanobacteria/Total volume
Chrysophyceae/Total volume
Number of taxa

Benthic fauna

The revision of the environmental quality criteria for 
benthic fauna in lakes, has not yet been completed, 
nor have decisions been adopted. Below, some pre-
liminary results are reported from the study by John-
son & Goedkoop (2005). Data for littoral fauna from 
lakes sampled in the national inventories in 1995 and 
2005 time-series lakes in the national environmental 
monitoring programme as well as land use data were 
used when calculating the reference values. No ref-
erence values have been derived for different types 
of lakes. Instead, regional reference values were 
derived on the basis of Illies ecoregions (14, 20 and 
22). The current environmental quality criteria are 
based on the regions used by the Nordic Council of 
Ministers, which overlap in some respects with Illies 
ecoregions (tab. 3.2.4).

Median values for ecoregional, non-affected lake 
populations (n=353) were used to derive preliminary 
reference values for different indices. tab. 3.2.5 gives 
preliminary reference values for a few of the indexes 
studied. These were also used for the status clas-

sifi cations in the Stensån river. For comparisons, ref-
erence values for the nemoral zone are also given, 
according to the current environmental quality crite-
ria (SEPA, 1999 and 2000).

Fish

Development is under way to adapt the environmen-
tal quality criteria for fi sh in lakes to the requirements 
of the Framework Directive. The current criteria can 
be used without adjustments to assess the status 
of fi sh in lakes (with the exception of lakes located 
at >500 m over sea level), according to the study 
carried out in anticipation of reporting to the EU 
(Holmgren et al. 2004). In this study, sampling using 
multi-mesh gillnets registered in the national regis-
try of survey test-fi shing (NORS), only standardised 
sampling using multi-mesh gillnets between 1994-
2003 were used, i.e. 2,377 samplings in 1,458 lakes. 
The fi sh index (FIXW) consists of nine indicators 
(number of species, diversity of species, biomass, 
number of individuals, proportion of piscivorous fi sh, 
proportion of fi sh of the roach family, proportion of 
species sensitive to acidifi cation and stages, propor-
tion of tolerant species, proportion of alien species). 
For the fi rst six of these indicators, deviations from 
a reference value are calculated. These reference 
values are based on the area of the lake, maximum 
depth and height above sea level. Reference values 
in the current environmental quality criteria describe 
typical rather than unaffected status. Other indica-
tors are classifi ed directly from 1 to 5. Then a mean 
value of the nine indicators is calculated and then 
classifi ed, in turn, from 1 to 5. These classifi cations 
do not correspond perfectly, however, to the classifi -
cations of high, good, moderate, unsatisfactory and 
bad status in the Framework Directive.

Regions according to Illies, revised environmental qual-
ity criteria 

Regions according to the Nordic Council of Ministers 
(1984), current environmental quality criteria 

14 Boreonemoral and nemoral zone 

20 Arctic alpine zone 

22 Boreal zone 

Table 3.2.4 
Classifi cation by re-
gions for assessment of 
benthic fauna, accord-
ing to both Illies ecore-
gions in the revised 
environmental quality 
criteria and the clas-
sifi cation of the Nordic 
Council of Ministers 
for the current environ-
mental quality criteria.

Index/ Reference values by ecoregion for the littoral fauna in lakes (proposed) 
14 (Nemoral, Bg99) 20 22 

Number of taxa 18 11 14 
ASPT 5.85 (4.5) 5.6 5.8 
DSFI 4.0 (4) 4.0 4.0 
Medin's acidity index 5.0 (6) 20 4.0 

Table 3.2.5 
Proposed ecoregional 
reference values for 
different benthic fauna 
indexes in the littoral 
of lakes, in the revised 
environmental quality 
criteria. Values stated in 
brackets and italics are 
reference values ac-
cording to the current 
environmental quality 
criteria and for the 
Nemoral region, which 
includes Stensån.
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3.3 Coastal waters
3.3.1 Fyn County 

Danish work on reference conditions

On a national level, the work on establishing refer-
ence conditions for marine and coastal ecosystems 
in a WFD-framework has presently not come very 
far. The eelgrass (Zostera marina) depth limit is an 
exception to this primarily due to the large body of 
historical data and due to relatively well-established 
relationships between the depth limit and anthropo-
genic infl uences. Thus, extensive biological surveys 
were carried out around 1900 in Danish coastal 
waters (e.g. Ostenfeld 1908, Petersen 1892a, 1892b, 
1901, Reinke 1889, 1893, Warming 1906). Based 
on an analysis of such data in relation to the pro-
posed Danish typology (see chapter on Typology) it 
is recommended, however, to use site-specifi c (or 
area-specifi c) eelgrass depths rather than type-spe-
cifi c depths when determining reference conditions 
(Dahl et al. 2005). It is proposed that the reference 
condition for a given site (or area) should be defi ned 
as the depth interval corresponding to 90-100 % of 
the historical depth limit. When eelgrass depth limits 
are used in a WFD-context, it is important to note 
that the historical depth limits are minimum esti-
mates and therefore conservative (as they have been 
determined form boat), i.e. they do not describe the 
maximum depth limits but may rather describe the 
“main” depth limits; thus, when comparing actual 
and historical data, it is important that the former is 
the “main” depth limit, e.g. the depth with an eel-
grass coverage of at least 5% (Andersen et al. 2005). 
Historical depth limits for eelgrass have been used 
in Odense Fjord in combination with empirical and 
dynamic modelling (Fyns Amt 2003; see case study 
below).

Work on establishing reference conditions (and 
classifi cation systems) for phytoplankton, benthic 
invertebrates and other macrophytes than eelgrass 
is ongoing and the fi rst reports are presently being 
published. 

Phytoplankton. Empirical modelling using up to 
100-year old measurements of Secchi depths and 
recent relations between Secchi depths and chloro-
phyll-a, have provided preliminary reference condi-
tions for chlorophyll-a for a number of Danish areas 
(intercalibration sites for the forthcoming European 
WFD-intercalibration) (Henriksen in prep). The calcu-

lated reference condition chlorophyll-a values range 
between 1.3 and 2.9 µg/l, being a factor of 1.4 to 7.2 
lower than recent values.

Benthic fauna. A large body of historical data exists 
for benthic invertebrates, as was the case for eel-
grass depth limits. This seems promising in terms 
of establishing reference conditions (although it may 
be diffi cult to fi nd as relatively straightforward and 
simple indicator as eelgrass depth for the benthic 
invertebrates). It may be possible, after further work 
obviously, to establish salinity dependent reference 
conditions for indicators like biomass, various diver-
sity indices and species frequency (number of spe-
cies in a given area) (Dahl et al. 2005, Josefson & 
Hansen in prep). 

Macroalgae. Signifi cant relationships have been 
established between several macroalgal variables 
and water quality (e.g., TN and Secchi depth), 
especially when focus are on deeper, light-limited 
strata where the infl uence of exposure is omitted 
(Carstensen et al. in prep). Thus, in the absence of 
historical data, area-specifi c reference levels of nutri-
ent concentrations or Secchi depths can be entered 
in the generated empirical models.

Chemical indicators. A case study using a recent 
method for establishing reference conditions (and 
classifi cation systems) for total nitrogen (TN) in 
Roskilde Fjord has recently been published (Andersen 
et al. 2004); the applied paleoecological method is 
decribed in Clarke et al. (2003). It was calculated 
that the fjord concentration had varied between 50 
and 58 µmol N/l (or 700-812 µg N/l) between 1850 
and 1950, thus providing the reference conditions for 
Roskilde Fjord, after which it increased reaching 91 
µmol/l (1274 µg N/l) in the mid-1990’ies. 

Odense Fjord case study

The establishment of reference conditions for Odense 
Fjord has been based on i) dynamic, 3D modelling of 
Odense Fjord (MIKE 3 model), ii) historical data of 
the macrophyte vegetation in Odense Fjord around 
1900, at which time anthropogenic nutrient load-
ing of Odense Fjord is considered to have been low 
and, iii) empirical modelling of these historical data. It 
should be noted, however, that the historical loading 
may not have been as low in the inner part (Seden 
Strand) of Odense Fjord as in the outer part, e.g. due 
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to raw sewage from the city of Odense. 
Selection of the variables described in the follow-

ing was thus based on what was rendered possible 
by historical data and modelling within the provisions 
of the WFD concerning biological variables and sup-
porting physico-chemical variables. It should be 
noted that the variables treated here should not be 
considered as the fi nal list. Only reference conditions 
in the the inner (Seden Strand) and outer part of 
Odense Fjord (two separate water bodies accord-
ing to the typology, see chap. 2), will be considered 
here.

Historical data 
Around 1900 eelgrass grew to depths of about 4 
m in Seden Strand and 6-7 m in the outer part of 
Odense Fjord (Ostenfeld 1908). These data are used 
directly as reference conditions with respect to eel-
grass depth limits, i.e. > 4 m in Seden Strand and >6 
m in the outer fjord. Since Seden Strand in general is 
shallower than 4 m (average depth 0.8 m), the refer-
ence condition should rather be translated into that 
eelgrass should be able to grow in the inner fjord 
wherever the bottom substrate is suitable. Using 
these historical depth limits, it was possible through 
empirical modelling to establish reference conditions 
for nitrogen concentrations and Secchi depths in the 
fjord (see below).

Other reports (Muus 1967), observations from 
Odense Fjord as well as other fjords (S. Larsen 
unpubl. manus, Fyns Amt 1990, Fyns Amt own 
observations) combined with expert judgement, 
together show that it is plausible that eelgrass (and in 
the upper 0.5-1.5 m strata in Seden Strand widgeon 
grass, Ruppia maritima) should be found in dense 
stands, defi ned as >80% coverage, in a reference 
situation. 

On the same basis, it is also reasonable to sug-
gest that the presence of eutrophication-dependent 
ephemeral macroalgae have been far much lower 
in a reference situation than at present. This implies 
a very low abundance of primarily sea lettuce, Ulva 
lactuca, in the inner freshwater-dominated fjord part, 
the biomass of which was calculated by scenario 
runs using a dynamic model (see below). Similarly, 
a low abundance of anchored (but not freely fl oat-
ing) fi lamentous macroalgae in the outer fjord part is 
probable in a reference situation; estimated biomass 
is 3 g C/m2 as an average for the outer fjord (based 
on the above-mentioned references among others). 

Empirical modelling
Empirical relations between eelgrass depth limits 
and controlling factors like total nitrogen and Secchi 
depth have been established  by using the large 
database of  the national Danish monitoring program, 
covering data from both fjords and near-coastal 
areas (Nielsen et al. 2002). Thus, the following rela-
tions were obtained:

Total nitrogen (TN): 
ln (Z) = 0.755* ln (TN) + 6,039  r2 = 0.547, n = 128

Secchi depth (SD): 
Z = 0.787*SD + 0.339  r2 = 0.606, n = 101

where Z (eelgrass depth limit; m), TN (total nitro-
gen; µg N/l) and SD (Secchi depth; m) all are means 
from March to October (1/3 – 31/10). Obviously, 
Secchi depth and nitrogen concentrations are related 
through the phytoplankton biomass.

Using the reference conditions for eelgrass depth 
limits of 4 and 6 m for the inner and outer fjord  in 
the the Z/TN relation above, give total nitrogen con-
centrations of  474 and 277 µg N/l, respectively. It is 
desirable to use concentrations on an annual basis, 
and the March-October values have therefore been 
converted to annual values by correcting them for 
ratios obtained from Fyn County’s monitoring during 
1981-2002. This gives values of 666 and 374 µg 
N/l for Seden Strand and outer fjord, respectively 
-  these are thus the reference conditions for total 
nitrogen. There are no similar empirical relationships 
available with respect to phosphorus, and for that 
nutrient, a dynamic model is used (see below).

Similarly, using the reference eelgrass depth limits 
in the Z/SD relation above, a reference condition for 
Secchi depth in the outer fjord of 7.2 m is obtained. 
Secchi depth is not relevant for the inner fjord due to 
the shallow water depth.

Dynamic modelling 
The MIKE 3 model is process based, and describes 
variations that combines the most important features 
of hydrodynamics, of transport of salt and nutrients 
and of relevant biological processes in space (3 
dimensions) and time (time steps down to 30 min). 
The model are driven by various meteorological and 
physical variables (wind, light, precipitation, water 
levels), by freshwater discharge and nutrient run-off 
from land (as well as atmospheric deposition), and 
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by salt, temperature, nutrients and phytoplankton in 
the bordering area. The model has been calibrated 
and validated for parts of 1992 and the full years of 
1997 and 1998.

Besides the model runs using the actual input 
data from different years, the output of which can 
be compared to actual measurements, scenario 
modelling has been carried out for selected years. 
Thus, input data may be changed (e.g. nutrient run-
off) and other input data remain unchanged (e.g. 
freshwater discharge, meteorology) for a given year. 
Model results can then be compared and impacts 
deduced. 

For specifi c interest here, a so-called ‘Natural 
state’ scenario (comparable to a ‘year 1900 situa-
tion’ with respect to nutrient loading; Conley et al. 
1999) has been run as one way of developing refer-
ence conditions for Odense Fjord.  Besides radically 
altering input data like lowering the magnitude of 
nutrient run-off from land, atmospheric deposition, 
and nutrient and phytoplankton concentrations on 
the marine border, various process specifi cations 
like, e.g. the growth potential of phytoplankton and 
macroalgae and the fi ltration potential of the benthic 
fauna was also altered, to meet expected conditions 
in this ‘Natural state.’

Fig. 3.3.1 shows the results of  such parallel runs 
of a ‘Natural state’ scenario and the actual input data 
for the model year 1998, exemplifi ed with seasonal 
variations of inorganic nitrogen and phosphorus 
concentrations and benthic biomass of ephemeral 
macroalgae (sea lettuce) for a station in the inner 
fjord. It is evident, that the reductions in nutrient 
loading of the fjord has a profound impact on the 
fjord concentrations; in the inner fjord nitrogen and 
phosphorus concentrations were 70-85 % lower on 
an annual basis in this ‘Natural state’ scenario com-
pared to the actual concentrations (the decrease is 
even higher in the outer fjord; data not shown). The 
macroalgal biomass were 85-90% lower in the inner 
fjord as a result of these reductions (and practically 
disappears in the outer fjord; data not shown) having 
a 6-times lower biomass at the seasonal maximum 
in the summer. It was chosen to use the maximum 
macroalgal biomass, 10 g C/m2 (average for inner 
fjord), as reference conditions for macroalgae in the 
inner fjord.

The ‘Natural state’ scenario also provided the ref-
erence conditions for phosphorus in the fjord water, 
as stated above. According to this, annual means for 
total phosphorus should not exceed 30µg P/l in the 
inner fjord and 10 µg P/l in the outer fjord in a refer-
ence situation.

Reference conditions - overview

The reference conditions for coverage, biomass and 
depth distribution of macrophytes as well as nutri-
ents and Secchi depth are compiled in tab 3.3.1.

As the nutrients fl ow into the fjord with the fresh 
water, and fl ow out of the fjord with water consisting 
of a mixture of fresh water and the sea water fl owing 
into the fjord, the nutrient content in the fjord follows 
an estuarine gradient and varies markedly depend-
ing on the actual mixing conditions at the time of 
measurement. Due to the very strong gradients in 
Odense Fjord, the mixing can be viewed as approxi-
mately conservative on an annual scale, i.e. salinity-
nutrient relations through the fjord are almost linear. 
When future monitoring results is to be related to the 
reference conditions and ecological status classes, 
it will operationally be necessary to relate these nutri-
ent results to salinity, i.e. to normalize the nutrient 
concentrations for differences in salinity (given in tab. 
3.3.1).

This also eliminates “noise” from variation in salin-

Figure 3.3.1 
Seasonal variation of 
dissolved inorganic 
nitrogen and phospho-
rus and macroalgal 
biomass in MIKE 3 
model runs of  ‘Natural 
state’ and ‘Actual 1998’ 
at stn. SS8 in the inner 
part of Odense Fjord 
(Seden Strand).
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ity when interpreting the monitoring results. The 
relationships established for variations in total P and 
salinity are not nearly as good as those established 
for total N and salinity, primarily due to sediment 
release of phosphorus during summer. However, 
the relationship is also employed for total P, as it is 
considered that the establishment of the operational 
criteria is problematic without the correction.

It should fi nally be mentioned that runs of the 
‘Natural state’ scenario using other model years but 
keeping the same reduction of the nutrient load (i.e. 
the same nutrient concentration in the freshwater 
fl owing to Odense Fjord as that used above), give 
slightly to moderately different results; this is due to 
interannual differences in the meteorological and cli-
matic conditions.  

3.3.2 West Finland 

Finnish work on reference conditions

In Finland there are several projects working on indi-
rect methods to describe the reference conditions in 
coastal waters. In  these projects  data are collected 
from national Finnish monitoring programs and other 
studies to test if the  data on phytoplankton namely 
on chlorophyll a, other aquatic fl ora,  soft bottom 
macrozoobenthos and physico- chemical factors as 
nutrients and Secchi depth can be used to classify 
the ecological status of the coastal types. A part of 
the classifi cation work is also to decide how to defi ne 
the values or descriptions for the high status for the 

different biological elements of the types.
Another ongoing project in Finland is IMAGINE, 

which aims at, by primarily using existing and avail-
able monitoring and research data from the Finnish 
coastal and archipelago waters develop and test 
ecological key indicators of environmental quality in 
relation to specifi c environmental hazards (exempli-
fi ed mainly by eutrophication) related to Directive ref-
erence condition and typology. Benthic macrofauna 
and macro vegetation have been selected as main 
study objects, as these assemblages are of prime 
importance also in terms of functional biodiversity, 
and as the ecosystems in question suffer from habi-
tat degradation and fragmentation. The information 
obtained will link to environmental decision sup-
port systems (DSS), by defi ning ecological targets 
under the EC WFD. IMAGINE will work in close col-
laboration with the project MARE (http://www.mare.
su.se) for the DSS, and with the EU-funded project 
CHARM (http://CHARM.DMU.dk)  regarding eco-
logical quality elements and criteria. The CHARM-
project, that started in  2001 with participants from 
all EU countries around the Baltic Sea. In this project 
it was tried to fi nd ecological reference conditions for 
Baltic coastal water bodies. The conclusions from 
this project are to be presented in end-user friendly 
manual at the end of the project.

At present it seems impossible to fi nd values or 
descriptions of the reference conditions only by 
using data on the species composition, abundance 
and biomass of the biological quality elements. How-
ever, by using these data together with knowledge 
about the tolerance to disturbance of the macrozoo-
benthos species it may be possible to describe some 
kind of reference conditions for the coastal water 

Water body Reference status 

 Macrophytes Nutrients Secchi 
depth

 Coverage (%) 
(depth interval) 

Biomass
(g C/m2)

Depth
limit (m) 

Total 
N (µg/l) 

Total 
P (µg/l) 

(m)

 Eelgrass Widgeon grass Filamentous 
algae and sea 

lettuce

Eelgrass    

Inner fjord 
(Seden
Strand)

>80
(1.5–4 m) 

>80 (0.5–1.5 
m)

<10 >4 <666a,c <30a,d - 

Outer fjord >80 (1–6 
m)

>80 (0.5–1 m) <3e >6 <374b,c <10b,d >7.2 

Remarks: The values apply for the water bodies as a whole. 
a The nutrient criteria are set at a salinity of 12.2 PSU in Seden Strand. 
b The nutrient criteria are set at a salinity of 18.1 PSU in the outer fjord.  
c For a given year, Total N is up- or down-regulated by 49.3 µg/l total N per PSU with a decrease or increase in salinity, respectively. 
d For a given year, Total P is up- or down-regulated by 3.4 µg/l total P per PSU with a decrease or increase in salinity, respectively. 
e Only anchored filamentous algae; freely floating filamentous algae must not be present. 

Table 3.3.1 
Reference conditions 
for the 2 water bodies 
in Odense Fjord, the 
inner and outer fjord. 
Values based on his-
torical data, empirical 
modelling, dynamic 
modelling and expert 
judgement. 
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types. In Finland the only biological element that has 
been more extensively monitored in coastal waters 
is phytoplankton. Almost no national monitoring data 
is available  on aquatic fl ora and benthic invertebrate 
fauna. Data on benthic invertebrates was collected 
from studies done as a part of obligate controls in 
sea areas outside industrial plants and cities and 
from studies done at Finnish universities.

One of the challenges is also how  to deal with the 
natural gradients occurring along the Finnish coast 
and their distinct infl uence on the distribution pat-
terns of many species. Especially in the Quark region 
and the inner parts of the Gulf of Finland  the effects 
of the salinity gradient on the distribution pattern on 
marine species are prominent. 

The Bernet Catch pilot area

The infl uence of natural gradients is well illustrated 
in the data that have been collected from the Quark 

region. In both coastal type I (Quark outer archipel-
ago) and H (Quark inner archipelago) there are sev-
eral marine species that occur in high abundances 
in the southern parts and then gradually decrease 
when moving north. In type I the changes are very 
dramatic in the littoral zone, since most of the spe-
cies has almost disappered moving north of Vaasa 
(Fucus vesiculosus, Idothea spp, Mytilus edulis) due 
to the low salinity. The benthic community on soft 
bottoms undergoes quantitative changes while the 
dominating species in the southern part  Macoma 
baltica has much lower abundances in the northern 
parts (tab. 3.3.2). M. baltica is lacking from almost all  
the inner parts of type H. This means that it is very 
diffi cult to decide which species are expected to be 
found at a certain locations and even more diffi cult to 
estimate abundance and biomass values. Together 
with this and natural gradients there are also occur-
ring different degrees of human impact affecting the 
distribution and abundances of many species.

Marine reference sites 
are as diffi cult to defi ne 
as those of rivers and 
lakes - Anyway the 
Quark in the Outer fi nn-
ish Archipelago has 
“near” reference char-
acteristics. Photo: Peter 
Wiberg-Larsen).



3. REFERENCE CONDITIONS

76

Taxa  Rönnskär       
south Kvarken max 
abundance ind/m2  

 Mickelsörarna north Kvarken 
max abundance ind/m2  

Nematoda                            811                                30  

Prostoma obscurum                              33                                10  

Halicryptus spinulosus                            100  - 

Macoma baltica                         9 429                              564  

Mytilus edulis                            362  - 

Cerastoderma glaucum                            101  - 

Theodoxus fluviatilis                              40  - 

Bithynia tentaculata                            100                              221  

Hydrobia sp.                              40  - 

Potamopyrgus jenkinsi  - 

Limapontia capitata                              10   

Nereis diversicolor                              33                                30  

Marenzelleria viridis                         5 542                              211  

Manayunkia aestuarina                              40  - 

OLIGOCHAETA                         7 571                          4 282  

Ostracoda                         2 872                                10  

Copepoda                            168                              322  

Neomysis integer                              33                                10  

Saduria entomon                            262                                80  

Jaera sp.                            169  - 

Idothea baltica                              67  - 

Idothea chelipes                              10  - 

Asellus aquaticus                              66                                30  

Gammarus salinus                            131  - 

Gammarus zaddachi                            997                              191  

Gammarus sp.                         3 380  - 

Monoporeia affinis                         3 678                          1 164  

Corophium volutator                         4 832                                40  

Mysis relicta -                               30  

CHIRONOMIDAE  ..  ..  

Tanypodinae                            472                          1 007  

Ceratopogonidae -                               10  

Cryptochironomus sp. -                               30  

Chironomus plumosus type                         4 182                              433  

Chironomus anthracinus type                                70  

Chironomini                              67                          1 541  

Tanytarsini                      10 005                          1 491  

Table 3.3.2 
Macrozoobenthos spe-
cies distribution and 
its max abundance 
south and north of 
the Kvarken threshold 
in the West Finnish 
coastal water types I 
and H.



3. REFERENCE CONDITIONS

77

3.3.3 Schleswig-Holstein 

For coastal water types associated with the water 
bodies of the Schlei/Trave river basin there are at 
present no known naturally occurring areas or sites 
which present high ecological quality and therefore 
could be used directly as reference water bodies. 
For example, high nutrient loads and a widespread 
loss of suitable substrata due to stone fi shing hinder 
the aquatic fl ora to show high ecological quality. On 
account of these circumstances the classifi cation of 
type-specifi c reference conditions must be made 
using historical data, models and expert knowl-
edge.

The Federal Environment Agency fi nanced a 
«Study to determine reference values and respec-
tively natural variability of chemical and biological 
marine monitoring parameters» and results were 
published by Dahlke et al. 2003. 

In the essay, suggestions are worked out for abi-
otic and biotic marine monitoring parameters for the 
assessment of coastal waters after criteria which are 
stipulated by the WFD. Beyond this, recommenda-
tions for the monitoring of the parameters in question 
are given. Basis for the arrangement of the waters 
in types is the salt content according to a common 
suggestion of the environmental agencies of Sch-
leswig-Holstein and Mecklenburg-Vorpommern. 
The treated parameters are nutrient concentrations 
(nitrate, total nitrogen, soluble phosphate, total phos-
phorus, silicate), heavy metals (Cd, Cu, Hg, Pb, Zn; 
into waters, sediment and biota, respectively), as well 
as macrophytes, phytoplankton and benthic macro-
fauna. While for the abiotic parameters complete, fi ve 
stepped assessment schemes could be suggested 
by regression models and pragmatic methods, this 
wasn’t always possible for biotic parameters. There 
are still knowledge gaps which will be partly closed 
in other research projects. Models are essential and 
necessary tools, however, but they are not available 
in the required scale. The most important method 
is seen in the purposeful acquirement of ecological 
models and the creation of a required data bases to 
develop existing assessment attempts further, call-
ing for further research. 

At the time of this report historical chemical back-
ground values are being established and tested. 
The biological classifi cation is however still being 
assessed and will be hopefully available during or by 
the end of 2005.  

 

3.3.4 Gdansk 

Although there are potential reference waterbodies 
in the Polish coastal waters assessed on the basis 
of the expert judgement, still the Vistula Peninsula 
coastal waterbody ecological status was classifi ed 
as poor. The reference condition for that waterbody 
was estimated on the basis of extrapolated data in 
the years 1969-2003 (Łysiak-Pastuszak et al. 2004). 
The biological assessment of coastal waterbodies is 
also based mostly on expert judgement due to very 
limited observations.

The transitional water reference con-
ditions

There were no reference waterbodies selected for 
this type. The reference conditions for the Vistula 
Lagoon were established on historical data and 
information published. Still there is insuffi cient data 
regarding biological components of ecological water 
quality. Therefore it is assumed that the best way for 
establishing the reference conditions for such water-
bodies is the use of mathematical modelling.

3.3.5 Kaliningrad 

At present we do not have an opportunity to defi ne 
the reference conditions for the Vistula Lagoon.

This is caused by two reasons:
• High degree of changeability of hydrochemical 

status of the lagoon which depends not only on 
the seasonal variations. 

• The condition of the water in the lagoon is greatly 
infl uenced nowadays by the Pregol, the largest 
river of the Kaliningrad region. Untreated munici-
pal waste waters make their input into the pollu-
tion of the water course and, as a result, create an 
anthropogenic load of the lagoon. At present the 
construction of the united treatment facilities are 
being carried out in Kaliningrad. Putting them into 
operation will make possible to change suffi ciently 
the hydrochemical regime of the lagoon which in 
turn will infl uence the biological systems status.

If the water discharge regime is changed the water 
of the lagoon will get another ecological status, and 
in this case by processing existing historical data 
or using prognostic models it might be possible to 
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determine the reference conditions for the Vistula 
lagoon together with the Polish colleagues.

3.3.6 Båstad, Laholm 

At national level, the Swedish Environmental Protec-
tion Agency has determined that the (revised) envi-
ronmental quality criteria are to provide the point of 
departure for type classifi cation, calculation of ref-
erence values, and classifi cation of water status to 
establish which water bodies achieve the objective of 
good ecological status as defi ned in the Directive. 

Environmental quality criteria are the instruments 
that most resemble the classifi cations used in the 
Framework Directive. The current quality criteria are 
based on somewhat different scales and interpreta-
tions than are the point of departure in the EU guide-
lines. One general problem with the current quality 
criteria is that they are not always based on evalua-
tions of reference conditions, but rather on tolerable 
deviations or a classifi cation built on prevailing con-
ditions (i.e. the reference values from the 1999 qual-
ity criteria). The current criteria usually do not include 
the biological connection. The limits differ, depend-
ing on the parameters measured, and a relative clas-
sifi cation is determined. The current environmental 
quality criteria do not describe a desired state to be 
achieved, but instead assess the degree of human 
impact and the extent to which that impact may 
affect the environment. More, and more relevant, 
reference values are being derived in the ongoing 
revision of the environmental quality criteria. These 
new reference values will be based on conditions in 
unaffected water and will be type specifi c, i.e. will 
represent different types of water.

The revision of quality criteria regarding reference 
values and classifi cation boundaries for Swedish 
coastal waters follows the instructions in the Frame-
work Directive stating that reference values are to be 
type-specifi c. High ecological status for the eutroph-
ication parameters (nutrients, total phosphorus, total 
nitrogen, oxygen, and Secchi depth) is mainly based 
on monitoring data from the 1980ths until 2003. Ear-
lier data are scarce and not always reliable, but some 
historical data when available have although been 
used. For those coastal areas where no measures 
have been performed instead data from the open 
sea-water outside the actual area have been used. 
High ecological status for the biologic parameters 
is based on the conditions prevailing in Swedish 
coastal waters before there was any anthropogenic 

impact. Historical, biological material has been used 
to a large extent for these waters. If there was no his-
torical material available, model estimates were used 
instead. It is very diffi cult to develop reference values 
for the Swedish west coast, where there have been 
impacts on the water for such a long time that it is 
diffi cult to fi nd historical data on unaffected water, or 
even to use the models that have been developed. 
Work is still ongoing to fi nd a solution to this prob-
lem. 

Revision of the environmental quality criteria is, 
thus, ongoing for several biological and chemical 
quality factors. At the time of writing, various pro-
posals have been made in manuscripts or unpub-
lished reports for environmental quality criteria, and 
reference conditions. The Swedish Environmental 
Protection Agency has not as yet either adopted or 
made any decisions regarding these proposals, that 
they should be the ones used in status classifi cation 
pursuant to the Framework Directive. The Swedish 
Environmental Protection Agency expects to have 
completed revising the environmental quality crite-
ria in early 2006. For this reason, in this report we 
mainly describe the reference values for the quality 
criteria used to assess ecological status in our pilot 
project area, the Stensån area.

In the ongoing work to draw up reference values 
for coastal and sea water, expert judgements are 
extremely important, owing to the absence of his-
torical data and models.

Phytoplankton

The following parameters are to be used to assess 
water quality:
- species composition and occurrence  
- biomass (biovolume) 
- planktonic blooms
- chlorophyll content

The environmental quality criteria and thus also 
the reference conditions for phytoplankton are being 
drawn up for the 23 type areas into which the Swed-
ish coastal waters have been divided, (Samuelsson 
et al. draft proposal). Because there is no historical 
data available on phytoplankton, reference values 
have instead been drawn up using two other meth-
ods. In the Gulf of Bothnia, current phytoplankton 
status has been used, because this sea area is 
regarded as relatively unaffected. In the Baltic proper 
and the Kattegat/Skagerak area, empirical correla-
tions between phytoplankton biovolume, water 
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transparency and nutrient status (total nitrogen) have 
been used, as well as expert judgements. Reference 
values have been derived so far for total phytoplank-
ton biovolume in 9 of 23 type areas and chlorophyll 
in 19 of 23 type areas.

It has been diffi cult to draw up reference values for 
all type areas, particularly for the Kattegat/Skagerak 
area (into which Stensån runs). This area has  been 
a recipient  for polluted, nutrient-rich water for a long 
time, and there are few if any measurements from 
the time before the anthropogenic impact became 
tangible.

It has not been possible to establish quantitative 
classifi cations for the species composition of phyto-
plankton. Instead, lists of species representing good 
status have been drawn up.

Macrophytes

Work is ongoing to revise the current environmental 
quality criteria for macrophytes (Kautsky et al. draft 
proposal).

3.4 Cross-regional com-
parison

3.4.1 General

The partner regions have currently no general 
system of reference condition establishment in their 
surface water categories or specifi c types. Assess-
ment systems in use are more addressed to main 
human impacts, e.g. eutrophication, or are created 
for the usability approach as in Finland and Russia. 
In principle these systems can be converted to the 
WFD practice, but a lot of complementary work is 
needed to cover every type and element presented 
in tab. 3.0.1-3.0.3. 

Additionally, current monitoring in the partner 
regions doesn’t include all the types or some of them 
are only very sparsely studied. In general, surface 
waters with a natural condition are seldom included 
in the monitoring programmes, not only due to their 
sparse occurrence. Only Sweden has launched a 
national inventory programme for this special pur-
pose in smaller rivers, started in 1995. The general 
problem, i.e. the lack of water bodies with a natural 
condition, in every partner region and also elsewhere 
in their countries has already forced the partners to 

design classifi cation systems using widely different 
approaches to defi ne reference conditions, either 
presented as alternatives, or combinations of them.

In tab. 3.4.1 below we have summarized the ele-
ment-specifi c use of methods to establish the ref-
erence in the partner regions for all the three water 
categories. The idea of the table is to give general 
information on the current situation with some 
remarks on the future work where additional meth-
ods are expected to complete the current, rather 
unsatisfactory situation. In general, it also shows us 
that more co-operation is needed in the future to 
harmonize the use of the approaches and to allow 
the wider, cross regional use of the methods. Thus, 
Kaliningrad and Poland have already made common 
attempts to assess the biological quality of a trans-
boundary river.

Finally, when biological data on reference condi-
tions is lacking (which is often the fact), the use of 
other methods become important. Lists of macroin-
vertebrates indicating reference conditions have, 
however, been suggested for different types of run-
ning waters in Schleswig-Holstein and Fyn. Interest-
ingly, fi sh data are often available to some extent 
due to the economical importance of fi sh for human 
populations in the past; also other elements may 
have importance, like eelgrass information in coastal 
waters of Denmark. Typically, historical information 
often suffers from the poorly presented quantitative 
information. To an ever-increasing degree, models 
are both recommended and widely used for cur-
rent assessment systems. The predictive and other 
models are often created to handle large datasets. 
In these models sites with background data, but 
without further information on bioelements, may get 
a predicted value in ecological classifi cation. This 
approach is very welcome to complete reference 
condition establishment (RCE). Expert judgement is 
already used in many countries, and important to be 
used as an approach when more precise and con-
crete data is absent, sparse or inadequate. Anyway, 
if the expert judgement approach is used, it is impor-
tant to have a careful documentation of the proce-
dure for further use in other regions and cases. 

3.4.2 Rivers

Rivers are certainly the best studied water category 
by the partners. Available data on macrozoobenthos 
and fi sh is available especially from Denmark, 
Sweden, Germany and Finland with the caution of 
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diffi culties to fi nd true reference condition data. The 
Swedish approach is to use the ecoregional predic-
tive model approach mentioned earlier, whereas 
Poland and Kaliningrad have so far very little bio-
logical information on their project rivers. Notably, a 
hydromorphological approach is rather developed in 
Germany, whereas other countries are still develop-
ing their systems (like System Aqua in Sweden). On 
the other hand, hydrological monitoring has long tra-
ditions in Russia, and this data can certainly be used 
for models correlated to other elements. Potential 
reference areas are presented by Poland for further 
studies. Water physico-chemistry is not presented by 
the partners in detail. The values of this element can 
often be of very fl uctuating nature due to changes 
in fl ow, which should be taken into account when 
creating reliable criteria in the establishment of refer-
ence conditions. 

3.4.3 Lakes

Lakes are of varying importance as a water cat-
egory in the partner regions, and they are common 
especially in the German partner region. Available 
monitoring programmes and models show the most 
promising approaches with phytoplankton and phys-

ico-chemistry data (Denmark, Germany, Sweden 
and Finland). Also paleolimnological data is in use in 
Denmark. For macrozoobenthos a system is under 
development in many countries using both littoral 
and profundal monitoring data. New data is needed 
in the future and for instance Poland has suggested 
a potential lake for further research. It seems, how-
ever, to be hard to cover all the bioelements in the 
RCE work in the future.

3.4.4 Coastal waters

Model and historical data approach seems to be 
widely used in Denmark for nutrient level, physical 
parameters and vegetation cover metrics. Finland 
uses scattered monitoring data for phytoplankton 
and macrozoobenthos establishment, whereas 
Germany is planning to use historical data, model-
ling and expert judgement for the RCE work, due to 
absence of reference areas. In Sweden monitoring 
data on phytoplankton and water physico-chemistry 
is used in models completed by expert judgement. 
The Polish and Kaliningrad regions have no refer-
ence conditions left in their project areas, and expert 
judgement is proposed added by joint evaluation in 
the RCE. 

Reference streams that 
may be comparable to 
present-day physically 
deteriorated streams 
in Fyn and Schleswig-
Holstein is still found in 
Lithuania, as e.g. the 
lowland middle-sized 
River Savaca. Photo: 
Brian Kronvang, NERI.
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Table 3.4.1 
A summary of the use 
of the different quality 
elements establishing 
reference conditions in 
the partner countries. 
The different surface 
water categories: riv-
ers, lakes and coastal 
waters. X=quality 
element in current use;  
XF=use in future pro-
posed, respectively.
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Introduction

This chapter focuses on two related topics: classi-
fi cation and assessment of surface waters. Follow-
ing the defi nition of different surface water types 
(see chapter 2) and identifi cation of the type specifi c 
reference condition - i.e. the condition that would 
be found in the respective water body type without 
human infl uences (see chapter 3), the next step in 
carrying out the WFD process is to establish different 
kinds of classifi cation systems that enable the water 
district authorities to describe (or assess) the eco-
logical quality of water bodies in rivers (i.e. running 
waters), in lakes, and in coastal waters – dependent 
of their respective type. Thus for each type of clas-
sifi cation system – representing different biological 
quality elements, hydromorphological quality ele-
ments, or chemical quality elements - an Ecological 
Quality Ratio (EQR) must be established for each of 
the fi ve pre-defi ned ecological status classes (high, 
good, moderate, poor, and bad). Thus, the classi-
fi cation system must measure deviations from the 
type specifi c reference condition. 

 The description of the ecological quality is essen-
tial for an assessment of whether or not a given water 
body comply with “good ecological status” – i.e. the 
main objective in the directive - or even “high ecolog-
ical status”. For those water bodies that are desig-
nated as ‘heavily modifi ed’ or ‘artifi cial’ the ‘ecological 
potential’ must be identifi ed. Ecological potential is 
also defi ned by comparison with reference condi-
tions, in this case the high ecological potential. High 
ecological potential fulfi ls the high demands on the 
biocoenosis of a water body achievable under the 
presently existing heavily modifi ed or artifi cial condi-
tions. This is compared to the high quality found at 
water body types which are most closely compara-
ble to this water body.

This kind of assessment is not only essential in the 
“long run”, but is the primary goal in the so-called 
“Article 5 report” that carried out before the end of 
2004 aims at identifying the water bodies that are at 
risk of not complying with at least “good” ecological 

status in 2015. However, this “risk assessment” is a 
preliminary assessment founded on relatively “primi-
tive” or redundant classifi cation tools as well-devel-
oped classifi cation systems for all the presupposed 
quality elements (see above) are either not at hand, 
or appropriately collected data that can be used in a 
template for classifi cation are not available.

For each of the three surfacewater categories 
(rivers, lakes and coastal waters) the chapter describe 
the current stage in developing the above mentioned 
classifi cation systems in the different BERNETcatch 
regions (or countries).

Finally, the chapter presents examples of how 
the risk assessment is carried out in practice in the 
respective selected pilot areas and what the results 
are. An important step in this process is to identify 
the water bodies. The precondition for identifying 
a water body is that it must: (a) contain only one 
category of surface water (e.g. a stream), (b) only 
include one type of the specifi c category (e.g. type 
1 in the Danish stream typology), and (c) have the 
same overall status. While it is relatively easy to vis-
ualise that a lake with a simple morphometry may 
have the same status all over the lakes, and there-
fore represents only one water body, a stream for 
example often have a different physical status along 
its course due to physical differences (e.g. un-regu-
lated, regulated reaches) or to point discharges of 
wastewater. Some water bodies may even be identi-
fi ed as “heavily modifi ed” water bodies if the human 
physical impact is suffi ciently high. The identifi cation 
of heavily modifi ed water bodies is preliminary: i.e. 
the identifi cation comprises water bodies that are 
potentially heavily modifi ed. Thus, they comprise 
water bodies that after technical and economical 
analyses may be fi nally designated as heavily modi-
fi ed and thereafter must comply with the objective of 
at least “good ecological potential”. However, they 
also include water bodies that may be easily restored 
without extensive costs and therefore eventually 
must obtain good ecological status. 

4. Classifi cation and risk assessment
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4.1 Rivers 

4.1.1 Fyn County

4.1.1.1 Classifi cation

The ecological quality of Danish running waters is 
– in the long term - expected to be described and 
classifi ed by different biological quality elements, 
supported by hydromorphological and physical-
chemical quality elements as stipulated in the WFD. 
However, the national environmental authorities have 
so far only provided one or maybe two classifi ca-
tion elements that may be used in the process of 
the risk assessment (i.e. in the Article 5 report). As 
already mentioned in chapter 3.1.1, this is due to the 
fact that the reference condition of Danish stream 
types is only poorly described. There are for exam-
ple at present no tested indices that may be used to 
classify ecological quality using macrophytes or fi sh, 
although a Fish Index has been proposed – based on 
the North American IBI (Index of Biological Integrity) 
that has been implemented in some European coun-
tries. Neither are there suffi cient data to characterize 
chemical water quality classes, primarily due to the 
lack of a chemical characterization of the reference 
condition. Finally, very little is known about important 
quality elements like water temperature and oxygen 
in Danish streams.

In the following, a possible national classifi cation 
of Danish running waters - using a physical index 
and a macroinvertebrate index - is described. Fyn 
County have decided to use both indices in the 
present project, although the “national standard” 
probably may only include the macroinvertebrate 
index. The reason for using the physical index is that 
it, in the absence of biological classifi cation using 
macrophyte and fi sh assemblages, is supposed to 
be closely related to these two quality elements. Fur-
ther, the Danish Stream Fauna Index is certainly not 
suffi cient to classify stream quality appropriately in 
order to fulfi l the demands of the WFD. 

The Danish Physical Index (DPI) is described 
by NERI (2004b). It has been developed to be used 
in the Danish national programme for monitoring of 
the aquatic environment and the terrestrial nature 
(NOVANA). The index, which is an adjustment of 
an index developed by The County of Aarhus to be 
used in regional planning and assessment of envi-
ronmental objectives for streams, is based on meas-
urements or estimates of a large number of variables: 
occurrence of riffl e and pools, degree of meandering, 

occurrence of a natural stream profi le, variation in 
width, width of uncultivated zone along the stream, 
occurrence of fast current, occurrence of roots, partly 
submerged vegetation, and submerged macrophytes, 
occurrence of dead wood (logs, branches), and cov-
erage with stones, gravel, sand or mud.  Each variable 
may assume values of 0, 1, 2 or 3 that are multiplied 
by a factor of -2, -1, 1 or 2 depending on the rela-
tive importance of the variable, and on the positive or 
negative infl uence on the physical habitat.  The result-
ing values are summed. Theoretically, the index varies 
between -12 and +63. NERI (2004a) has suggested 
a classifi cation into the 5 WFD quality classes “high”, 
“good”, “moderate”, “poor”, and “bad”.

However as mentioned in chapter 3.1.1, the maxi-
mum value are in practice considerably lower even for 
reference sites. For streams in Fyn County the maxi-
mum value of DPI in the absolutely most un-impacted 
(‘near-reference’) streams is probably +50. Therefore 
the quality classes must be adjusted to comply with 
‘real’ streams. Fyn County has carried out a new clas-
sifi cation that has been calibrated on a dataset of 902 
stream sites, see Table 4.1.1. The “normal” scale may 
easily be converted to a “nominal” scale with values 
between 0 and 1 (“EQR”). 

The Danish Stream Fauna Index (DSFI) has 
been a national classifi cation system since 1998 
(Skriver et al., 2000), but is developed from a more 
subjective system (termed the “saprobic system”) 
that has been into use since 1970. The index clas-
sifi es stream quality on basis of macroinvertebrate 
assemblages, more precisely on the occurrence and 
number of “cleanwater” taxonomic groups (taxa: 
species, genera), and on taxonomic groups (genera, 
groups) that tolerate or benefi t from organic pollu-
tion. In many aspects the Danish index resembles 
indices used in Belgium, Italy and France. It uses a 
standardized sampling procedure (kick sampling, 
standard net, sampling along three transects, 4 sub-
samples in each transect – all 12 subsamples pooled 
to one sample), a standardized sorting, identifi cation 
and counting procedure, and a fi xed calculation pro-
cedure. The calculation procedure includes the use 
of certain “indicator groups” and the number of so-
called positive and negative diversity groups. In all 
about 50 different taxa are obligatory in calculating 
the index value, termed the “faunal” class. The index 
operates on a scale of numerals 1 to 7, where the 
highest number represents the best ecological qual-
ity. It has been shown that the index is well correlated 
to both the chemical water quality (most of all to the 
organic content measured as BOD5) of the stream 
water and to the physical properties of the stream. 
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The relation between the seven stepped scale of the 
index and the classifi cation into the fi ve WFD classes 
is shown in Table 4.1.1. 

Both Danish classifi cation systems operate inde-
pendent of stream type. Thus, the same physical 
index and fauna index is used in type 1, type 2, and 
type 3 streams, despite the fact that the reference 
condition surely differs between the three types, and 
as it may be easier to obtain faunal class 7 in type 
3 streams than in type 1 streams. Thus, the number 
of species/taxonomic groups (and, thus, also the 
number of indicator groups and positive diversity 
groups used in the index) increase with stream size 
(e.g. Wiberg-Larsen et al., 2000). One could there-
fore argue that it – at the present state – is unnec-
essary to divide the streams into three types. One 
single type would in practice have been suffi cient.

4.1.1.2 Designation of water bodies

As mentioned previously, a water body must only 
belong to one surface water category, to one type 
within the surface water category in consideration, 
and must have the same overall status. The stream 
typology used is described in chapter 2.1.1.

The general physical status was described using 
administrative data on the physical regulation of the 
streams (i.e. piping, straightening, deepening, and 
obstructions), and taking data on DFI from monitor-
ing sites into account. Further, we also aimed at des-
ignating running water reaches with the same overall 
biological status (using DSFI data from available moni-
toring). Despite these principles, designation of water 
bodies can be more or less detailed, depending on 
the number of sites with available monitoring data. 
With an increasing number of monitoring sites, the 
more water bodies may in theory be designated if 
e.g. the biological status varies from site to site. The 
majority of sites, however, has “moderate” to “bad” 
ecological quality, and the reasons for this are gener-
ally the same. Therefore, we have designated relatively 

large water bodies each with several monitoring sites, 
accepting that for example one of these had “good” 
ecological quality, whereas the other did not (the “one 
out – all out” principle).

On this template, 316 water bodies have been rec-
ognised in the Odense Pilot River Basin (OPRB), see 
Figure 4.1.1. Of these, 14 are lakes (most of these 
man-made due to impoundments) and one is transi-
tional water, whereas the rest are true stream water 
bodies. Data on the designated water bodies are 
shown in Table 4.1.2. The length of the water bodies 
ranges from less than a few hundred meters to 19.8 
km with a mean and median length of 3.2 and 2.1 km, 
respectively.

Table 4.1.1 
Physical and biological 
quality elements used 
in classifi cation and 
risk assessment in the 
Odense Fjord River 
Basin.

     

Physical Index 
Ecological status class 

Normal scale Nominal scale (EQR) 

Faunal Class 
(DSFI) 

High 38 – 50  0.81 – 1.00 7 

Good 25 – 37 0.60 – 0.80 5 - 6 

Moderate 13 – 24 0.40 – 0.59 4 

Poor 0 – 12 0.19 – 0.39 3 

Bad -12 – 0 0 – 0.18 1 - 2 

10KM50

Watercourses:

Other
waterbodies

Artificial
waterbodies

Heavily modified
waterbodies

N

Figure 4.1.1 
Designated water bod-
ies within the Odense 
Fjord River Basin, 
including identifi ed 
heavily modifi ed water 
bodies and artifi cial 
water bodies.
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conclude that type 1 streams are signifi cantly more 
regulated than type 2 and 3 streams. For example, 
the source and most upper reach of many type 1 
streams have been piped.

The regulated stream reaches are obvious can-
didates to be identifi ed as “heavily modifi ed” water 
bodies (HMWB’s) following the procedure stipulated 
in WFD Guidance Document 2.2. In this process Fyn 
County has used several criteria the preliminary des-
ignation (i.e. identifi cation), see Table 4.1.3. The most 
comprehensive physical modifi cations are piping, 
straightening and deepening followed by intensive 
physical maintenance/management (weed cut-
ting, dredging etc.). Impoundment in relation to e.g. 
watermills or irrigation is also an important physical 
modifi cation.

Totally, 56.6 % of the water bodies in OPRB are 
identifi ed as heavily modifi ed; in length even 65.9 
% of the total running waters (see Table 4.1.4). Not 
surprisingly, as small streams has been much easier 
to pipe and regulate than larger stream, the ratio of 
HMWB’s is highest (81 % of total length) among type 
1 streams, whereas the ratio is signifi cantly lower (48 
%) among type 2 streams. The ratio is also relatively 
high among type 3 streams (72 %), in the OPRB only 
represented by the highly regulated River Odense. 

Although the ratio of identifi ed HMWB’s is high, it 

Type of physical impact Extent of impact 

Piping Impacting >10 % of the water body 

Straightening and/or deepening of the natural course Impacting >25 % of the water body 

Danish Physical Index <0,40 at least one monitoring site  

Impounded reach 1 Impacting 100 % of the water body 

Great hydraulic impact due to stormwater Impacting >50 % of the water body 

Abstraction of groundwater Leading to total drought in summer 

1Including reaches that are technically protected against flood tide at the mouth of the running water 

Heavily modified water bodies Type 1 Type 2 Type 3 All 

Total number 148 23 8 179 

Total length (km) 537 104 38 679 

Table 4.1.3 
Criteria for identifi ca-
tion of heavily modifi ed 
water bodies in running 
waters in the Odense 
Pilot River Basin.

Table 4.1.4 
Characterization of 
heavily modifi ed water 
bodies identifi ed in 
running waters in the 
Odense Pilot River 
Basin.

Water bodies Type 1 Type 2 Type 3 Lakes Artificial 
WB’s 

All 

Total number 225 45 11 14 35 316 

Total length (km) 662 216 53 29 84 1044 

Table 4.1.2 
Characterization of wa-
ter bodies (WB’s) desig-
nated in running waters 
in the Odense Pilot River 
Basin.

4.1.1.3 Heavily modifi ed water bodies 
and artifi cial water bodies

Running waters in Fyn County are generally physi-
cally modifi ed compared with their reference condi-
tion. It is documented that at least 50.1 % of type 2 
and 3 streams within the OPRB have been regulated 
to some extent since 1850. Their natural meanders 
are straightened, thereby shortening their total length 
with 5-10 %. In addition, there are obvious regula-
tions that can not be placed in time or documented, 
and there are reaches with a regulated appearance 
due to heavy physical management during decades. 
The total proportion of regulations in type 1 streams 
is not known, as information is only partly available 
for these. However with reservations, it may be esti-
mated that at least 77 % of type 1 streams have 
been regulated.

Although the true amount of regulations is no 
doubt higher than estimated above, some “older“ 
regulated reaches may in time have obtained an 
improved physical condition due to “self-restoration” 
and therefore appear almost “natural” (see Brookes 
1984). Thus, running waters in Fyn County (and in 
Denmark in general) are predominantly regulated, 
but not to the extent (up to 98 %) as postulated by 
Brookes (1984). Despite all uncertainties, it is safe to 
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is technically relative easy and economically feasible 
to restore especially the smallest streams. Not only 
will restoration measures have an enormous positive 
effect on the habitats and the inhabitants (e.g. plants, 
invertebrates, fi sh) of the small streams, but the posi-
tive effect on downstream running water reaches 
(and other surface waters) may also be high. Thus in 
the following WFD process, the ratio of HMWB’s may 
be signifi cantly reduced.

A relatively low but signifi cant number of the water 
bodies (corresponding to 84 km) are identifi ed as 
“Artifi cial” (AWB), see Table 4.1.2. These AWB’s arise 
mainly from land reclamation, either from former 
shallow coastal waters or dredging of former lakes 
and marshes. These reclaimed agricultural areas 
have then been drained by ditches and canals, often 
by the use of pumps. Many Danish forests (includ-
ing several in Fyn County) contain systems of ditches 
made for drainage purpose. These are however, as 
mentioned in chapter 2.1.1, not included in the run-
ning water network considered in WFD process. The 
artifi cial water bodies are not classifi ed according to 
the running water typology, but are regarded as a 
separate type of running water.

4.1.1.4 Risk assessment

As previously stated in this chapter, Fyn County has 
chosen to use both the Danish Physical Index (DPI) 
and Danish Stream Fauna Index to classify the eco-
logical status of running waters, see Table 4.1.1. We 
further use the “one out – all out” principle to estab-
lish whether or not a certain water body comply with 
at least “good” ecological status at present.  Firstly, 
as we use yearly data for all monitoring sites, this 
means that if for example the faunal class (DSFI) at 
a given site is lower than 5 in just one of the latest 
fi ve years, then the ecological quality is not  at least 
“good” (see Table 4.1.1). It also means that if just one 
of the two indices does not indicate at least “good” 
ecological status (at just one of maybe several moni-
toring site), then the collective ecological status of 

the water body is not “good” (or “high”). In such a 
case the water body is at risk of not complying with 
“good” (or “high”) ecological quality at present and 
in 2015.

In addition to the criteria based on DSFI and DPI, 
water bodies are regarded at risk if physical obstruc-
tions downstream prevent free passage for migrating 
fi sh.  Further, if nothing is known about the ecologi-
cal status of a specifi c water body, i.e. if monitor-
ing data does not exist, then the water body is also 
assessed as being at risk. It should also be stressed 
that water bodies that are identifi ed as HMWB’s are 
by defi nition at risk. Later on in the WFD process and 
after technical and economical considerations and 
calculations, some of the identifi ed HMWB’s may 
be fi nally designated as being heavily modifi ed, and 
they must then comply with at least “good ecological 
potential”.

Danish national authorities have decided that the 
risk analysis must be carried out using objectives – 
and the associated quality criteria - from the regional 
plans rather than common national criteria describ-
ing good ecological quality. We have followed this 
principle in the present risk analysis in Odense Pilot 
River Basin.

Present-day and previous Regional plans for Fyn 
County include objectives for surface waters (run-
ning waters, lakes, and costal waters). The large 
majorities of running waters have either a stringent 
objective or a basic objective. This means that the 
quality in both cases must comply with at least a 
faunal class 5 (as the only quality element), just as 
described for the present WFD process. Monitor-
ing data for the last 15-20 years show that – given 
the currently used regionally stipulated standards 
for wastewater treatment and given a relatively good 
physical environment in the streams – most streams 
have the potential of obtaining faunal class 7 (i.e. high 
ecological status). At least for the water bodies with 
a stringent objective the faunal class should be 7. 
A relatively small number of running waters have an 
eased objective and must comply with at least faunal 
class 4 (similar to moderate ecological status). 

Criteria 
Danish Stream 
Fauna Index – 

status 2005 

Danish Physical 
Index – status 

2005

Free passage for 
migrating fish – 

status 2006 

Over-all risk 
assessment 

RP objective met (%) 7 33 24 4 

RP objective not met 
(%) 63 37 67 68 

Unknown (i.e. at risk) 
(%) 30 30 9 28 

Table 4.1.5 
The present status of 
the designated 316 
“true” running water 
bodies in the Odense 
Pilot River Basin based 
on the objectives in the 
Regional Plan (RP) of 
Fyn County. The status 
is given for each of three 
specifi c quality criteria. 
In addition shown the 
overall risk assessment 
extrapolated to 2015.
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Table 4.1.5 shows the present ecological status – 
using criteria based on DSFI, DPI, and the possibility 
of free passage for migrating fi sh - of the 316 water 
bodies (“true” running waters) designated in the 
OPRB. It is apparent that the status is only known for 
about 45 % of the water bodies, corresponding how-
ever to approx. 70 % in length of the water bodies.  

At present only 4 % (in length) of the water bodies 
(i.e. “true” running waters) –comply with the objec-
tives in the Regional Plan for Fyn County, and also 4 
% will do so in 2015. This means that at the present 
state 96 % of the water bodies are potentially at risk 
of not complying with the quality criteria of the objec-
tives.

Pursuant to the WFD, the status of the running 
waters may not deteriorate, i.e. streams that cur-
rently have a high ecological status must preserve 
this high ecological status in the future. Further, the 
objective must be “high ecological quality” for some 
parts of the River Odense and a few of its tributaries 
that are “habitat areas” (e.g. due to the occurrence 
of the bivalve Unio crassus, the lamprey Lampetra 
planeri and the fi sh Cobitis taenia). In practice, this 
means that the ratio of water bodies being at risk 
may be even a little higher than estimated.

Previous monitoring reports have shown that rela-
tively fewer running waters in Fyn County are at risk, 
as 25 %  were thought to have at least good ecologi-
cal status (see e.g. Fyn County 2004). The reasons 
for this signifi cantly more positive “picture” are that: 
(1) the previous ecological status was solely based 
on DSFI criteria; (2) the previous evaluation was 
more detailed compared with the presently chosen 
water body approach, each monitoring site “count-
ing for itself” and, thus, no site with good ecologi-
cal status being classifi ed at risk due to combination 
with others not having good ecological status (“one 
out – all out”).      

One of the reasons for the present “not good” 
ecological status is poorly purifi ed wastewater dis-
charged from scattered homes. According to the 
Regional Plan for Fyn County and to the Municipal 
Wastewater plans, the purifi cation is expected to be 
considerably improved at about 2012. Presuppos-
ing that macroinvertebrates respond positively to 
this improvement of the water quality in the running 
waters within 2-3 years (as indicated by previous 
monitoring data), several water bodies may achieve 
at least good ecological status before 2015. A rough 
estimate is that this applies to more than 300 km.

A considerable number of water bodies – roughly 
estimated as more than 700 km in total length (or 

equivalent to more than 70 % of the total water-
course length) - have a “poor” physical ecological 
status due to the insuffi cient physical qualities. There 
are at present no agreed plans to improve the physi-
cal quality for the water bodies, and they are there-
fore all at risk of not complying with at least good 
ecological quality in 2015.   

4.1.2 West-Finland

4.1.2.1 Classifi cation

Previously, classifi cation of the quality of rivers in 
Finland has focused only on water quality using dif-
ferent chemical quality parameters, selected with 
the purpose of refl ecting the usability of the water. 
Results from this type of classifi cation in River Kyrön-
joki catchment are presented in the Bernet Water 
Management Plan of River Kyrönjoki.

Pursuant to the implementation of WFD in Fin-
land, the classifi cation and assessment of impacts 
is developed in a national working group. The aim 
of the working group is to lay down new classifi ca-
tion principles during the year 2005. At present some 
regional classifi cation testing of these has been 
done. Thus, in the area of West Finland Regional 
Environment Centre there has been some testing on 
rivers, which is presented in the following. Thus, the 
proposed river typology system was tested on mac-
rozoobenthos samples collected from approx. 100 
river sites. The samples were all taken in the 1990’s 
from riffl es using a kick-sampling technique. The 
sampling sites were selected as being un-impacted 
or only little impacted by human activities. In the 
tests, zoobenthos taxon richness and composition 
was used and especially the latter metric showed 
rather little variation between different types. A care-
ful selection of metrics is of course a very important 
step in order to obtain a reliable and useful classifi -
cation system refl ecting the whole variety of human 
pressures in target water bodies. The data was also 
used in the Finnish work on reference conditions 
presented in chapter 3.1.2.

In western Finland (i.e. in the River Kyrönjoki and 
adjacent rivers), using zoobenthos data from 146 
sites (in all 253 autumn samples from the period1979-
2000) we analysed the variation in EQR values at 
sites with more or less human impact (Hämäläinen et 
al. 2005). This project was carried out in co-opera-
tion with the Jyväskylä University. Initially, the experts 
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selected sites possibly representing reference condi-
tions according to the criteria mentioned above (see 
also chapter 3.1.2.). Then, the rest of the sites were 
grouped according to main environmental problems 
in question (eutrophication/water construction/soil 
originated acidifi cation). Finally the EQR values of 
the identifi ed groups of sites were compared. In 
general, the suggested classifi cation system worked 
rather well refl ecting the different pressures and 
the severity of the environmental problems. Differ-
ent class boundaries that were initially established 
with equidistant values (1.0-0.8-0.6 etc.) were only 
slightly changed when recommendations with 90 % 
cut off boundary values for reference conditions was 
applied (according to EU Guidance Practice, see 
Table 4.1.6). Despite of this, it is important to state 
that: 
• the results obtained by the current classifi cation 

system using exclusively chemical water quality 
criteria differs from those obtained by the future 
WFD system using zoobenthos; thus, humic rivers 
obtained a ‘poorer’ chemical classifi cation com-
pared to the biological classifi cation because humic 
waters are regarded less suited for water usage 
(which the chemical classifi cation is intended to 
refl ect),

• the reference sites selected by experts very often 
were not true unimpacted sites, and the calculated 
site-specifi c EQR values may therefore be too high, 
and

• the zoobenthos refl ects, of course, only partly the 
pressure spectrum in the tested rivers.

Further testing with time series (in three rivers) 
indicated the validity of the zoobenthos classifi ca-
tion system, for instance to characterize ecological 
quality improvement in the Kyrönjoki river, probably 
caused by less impact of water construction works, 
and ‘favorable’ weather conditions during the last 
years with less harmful fl ooding on cultivated sul-
phur-rich soils thereby reducing acidifi cation of 
recipient streams (Figure 4.1.2). The project is cur-
rently testing different zoobenthos metrics (see WFD 
Annex V) to reach the best possible classifi cation 

using zoobenthos.
The Finnish Game and Fisheries Research Institute 

(RKTL) is currently collecting fi sh data from rivers all 
over the country testing both national and EU (e.g. 
the FAME method) approaches in classifi cation. Both 
the fi sh and the zoobenthos work are expected to 
be completed in spring 2005 and published in early 
summer 2005 as a contribution to the implementa-
tion of WFD in Finland.

In addition, the usefulness of biological elements 
(zoobenthos, fi sh, and periphytic algae) is studied at 
24 sites in 7 rivers within the area covered by the 
West Finland Regional Environment Centre. Besides 
from testing how these biological elements are able 
to refl ect different pressures, the aim of the study is 
to contribute to the planning of the future WFD sur-
veillance monitoring network. The project runs in the 
period 2002-2005 in all the main rivers in the area, 
including R. Kyrönjoki, and is carried out in co-oper-
ation with the Jyväskylä University and other Envi-
ronmental Centres. The preliminary results show that 
salmonids may be useful in classifi cation; especially 
the occurrence of their young stages may give rise to 
suitable EQR metrics. In addition, also other species 
caught by the electrofi shing in riffl es may be useful in 
classifi cation, e.g. lampreys and crayfi sh.

Table 4.1.6 
Class boundaries (EQR 
values) for ecological 
status using a com-
bined index of diversity 
and species composi-
tion for macrozoob-
enthos. Preliminary 
results from rivers in 
Western Finland.

River catchment size type km2): 10-100 100-1000 1000-10000

High •1.00 - 0.78 •1.00 - 0.86 •1.00 - 0.82 

Good 0.58 - 0.78 0.64 - 0.86 0.61 - 0.82 

Moderate 0.39 - 0.58 0.43 - 064 0.41 - 0.61 

Poor 0.19 - 0.39 0.21 - 0.43 0.20 - 0.41 

Bad <0.19 <0.21 <0.20

Figure 4.1.2 
Mean EQR for index 
describing species 
composition of mac-
rozoobenthos in River 
Kyrönjoki,1981-2000.
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4.1.2.2 Designation of water bodies

In order to facilitate the collecting of data to be 
reported to the Commission of the EU in 2005 (the 
Article 5 report), the Finnish Environment Institute 
(SYKE) has developed a guide for preliminary report-
ing in 2004.  According to SYKE (Art. 5 report, March 
2005), river basins must be divided into large enti-
ties (i.e. the most notable rivers including their corre-
sponding infl uents, all having a catchment size over 
1000 km2), and thus, the River Kyrönjoki system has 
been divided into only fi ve water bodies: two in the 

main river and three in its tributaries Seinäjoki, Jalas-
joki and Kauhajoki. The identifi cation of the reported 
river basins is presented in more detail in the Water 
Management Plan for the Catchment of the River 
Kyrönjoki (section 2.7).

4.1.2.3 Heavily modifi ed water bodies 
and artifi cial water bodies

The river watercourses are classifi ed as heavily mod-
ifi ed only if the physical alterations are substantial, 
that is, more than 50 % of the length of the chan-
nel is basined; or, the maximum daily fl uctuation of 
discharge caused by short-term regulation exceeds 
mean discharge; or, the change in mean maximum 
discharge or mean minimum discharge is more than 
50 % (see Figure 4.1.3). In addition, a river is classifi ed 
as heavily modifi ed, if more than 50 % of the channel 
has been cleared or cut off, or, if more than 50 % of 
both sides of the channel have been embanked or 
fl ood-protected after the year 1950. These conditions 
were proposed in the national guidelines (SYKE, art. 
5 report March 2005) and might be revised during 
further implementation of WFD.

According to this, the River Seinäjoki is classifi ed 
as heavily modifi ed river due to the numerous clear-
ings, embankments, and cut-offs. Furthermore, the 
stretch of the main channel of the Kyrönjoki above 
the confl uence of the Seinäjoki is classifi ed as heav-
ily modifi ed. Along this stretch large-scale alteration 
such as cut-off channels, clearings, embankments, 
and pumping stations have been constructed.

4.1.2.4 Risk assessment

In order to facilitate the collecting of data to be 
reported to the Commission of the EU in March 2005 
(the Article 5 report), the Finnish Environment Insti-
tute (SYKE) has developed a guide for preliminary 
reporting in 2004. This includes a assessment of the 
current status of the water bodies.

In the preliminary assessment, a part of a river (or 
a lake) is categorized as a water body under heavy 
impact of human activity, if this impact on water qual-
ity or biological quality elements is signifi cant accord-
ing to expert research. In 2004 researchers have 
studied water quality and biological qualities using 
especially water quality data and results of monitor-
ing of biological elements. The assessments have 
been summarized into a three-step categorization, in 
which 1 equals ‘little’ change, 2 ‘moderate’ change, 

Figure 4.1.3 
Rivers and lakes of the 
West Finland river basin 
district which accord-
ing to the preliminary 
assessment are under 
heavy impact of human 
activity.
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and 3 ‘substantial’ change. If the hydromorphologi-
cal changes are substantial (see text above), the 
water body in question is preliminarily categorized as 
heavily hydromorphologically modifi ed, and also as 
a water body under heavy impact of human activity 
(see Figure 4.1.3).  Those river basins (or lakes) that 
are under heavy anthropogenic impact are in risk of 
not attaining good status in the classifi cation.

Substantial hydromorphological changes have 
been preliminary noted at the upper parts of the 
River Kyrönjoki and at the River Seinäjoki. As far as 
the whole Kyrönjoki and the Seinäjoki are concerned, 
experts have come to the conclusion that biological 
changes and changes in water quality at these parts 
are substantial. At the Rivers Jalasjoki and Kauhajoki 
these changes have been estimated as moderate 
(Table 4.1.7).

On the basis of changes in hydromorphological, 
biological and water quality elements the research-
ers have made an overall estimate of the ecologi-
cal status of the Kyrönjoki River system. Thus in 
the report from 2005, three water bodies out of fi ve 
(Kyrönjoki lowest and middle part, Kyrönjoki upper 
part and Seinäjoki) are estimated to be signifi cantly 
impacted by human activities. At this moment, only 
the Kauhajoki and Jalasjoki tributaries were not 
recognized as being under heavy impact of human 
activities, even if within these areas some regulative 
measures and the agriculture and forestry has led to 
eutrophication of the waterbeds in the area.

Therefore it has been concluded in a preliminary 
risk assessment that the lowest- and mid part of the 
River Kyrönjoki, as well as in Seinäjoki, good eco-
logical status will probably not be achieved within the 
year of 2015 In the River Seinäjoki this is due to major 
morphological changes and the strong infl uence 
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status at-
tained by 
the year 

2015
Lower and middle 
part of the Kyrön-
joki 

86 25 22 4923 significant significant no yes no 

Upper part of the 
Kyrönjoki 48 25 23 2789 moderate moderate yes yes yes 

Kauhajoki 25 24 27 1081 moderate moderate no no yes 

Jalasjoki 28 22 14 1062 moderate moderate no no yes 

Seinäjoki 45 14 32 1011 moderate significant yes yes no 

Table 4.1.7 
The preliminary clas-
sifi cation of the parts 
of the River Kyrönjoki 
in 2004 and estimation 
for their status for the 
year 2015.

from forestry and peat mining on the water quality. 
In Finnish scale the lowest and middle part of the 
River Kyrönjoki is highly impacted of diffuse load and 
acidic infl uence from alum soils.  

Even if a good ecological status would not be 
achieved within the nearby years there should be 
efforts made to reduce diffuse load and to handle 
the impacts from acidity as well as improving the 
reconditioning and restoration of the streambeds. A 
most central measurement is restoration of the fi sh-
ery in River Kyrönjoki.    

Considering the two water bodies in the upper 
parts of the River Kyrönjoki it is in principle possible 
to achieve good ecological status before the year 
2015. A precondition to achieve good ecological 
status is a signifi cant reduction of the diffuse load. 
The effects from the regulation project in the upper 
part of Kyrönjoki that was completed just recently will 
signifi cantly diminish until 2015.

Further, a good management of the diffuse load 
is an essential prerequisite to sustain the good eco-
logical status in Jalasjoki and Kauhajoki. Even some 
restoration measures will be needed.

4.1.3 Schleswig-Holstein

4.1.3.1 Classifi cation

Macrozoobenthos
Germany is currently developing a new biological 
method for the assessment of the ecological status 
as described in the EU-WFD. The new method has 
a modular structure and is based on a multimetric 
system. 

A multimetric index combines the results of differ-
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ent single indices (diversity index, rates of individuals 
in different feeding groups, and others). Calculating 
several biocoenotic metrics creates a more com-
plete insight into the ecological quality of a water 
body than is possible by using only a single metric. 
A multimetric index also allows the integration of the 
single indices contained in it which may refer to either 
populations or individuals. The different single met-
rics will also make it possible to state the taxonomic 
composition and abundance, ratio of disturbance 
sensitive taxa to insensitive taxa, and level of diver-
sity of invertebrate taxa simultaneously and therefore 
hint towards a possible source of pressures. 

Reference running waters have to be defi ned for all 
German water body types. The defi nition was made 
using abiotic criteria: minor morphological degrada-
tion (classes 1 and 2 of the German structural survey) 
and chemical as well as physical situation close to 
undisturbed conditions. Metrices for the reference 
sites were established using relevant biocoenotic 
metrices. If no reference water bodies were found, 
the best water bodies of the respective types were 
chosen which would represent “good ecological 
quality”. Reference conditions in these cases were 
not taken from the watercourse itself directly but 
adapted and constructed accordingly.

Classifi cation in the assessment system results 
from the deviation of biocoenotic parameters from 
reference conditions. The results of the type specifi c 
single indices are calculated into a multimetric index 
and this is then converted into an ecological quality 
assessment.

Regionally, an attempt was made to classify the 
ecological quality of very special running water type: 
lake outlets. This type is especially relevant in Sch-
leswig-Holstein, and in the pilot area, due to the large 
number of large lakes that have inlets as wells as out-
lets. The classifi cation process is described in detail 
as a case study in Annex 4.1 and illustrates important 
perspectives that are relevant for establishing any 
classifi cation by biological metrics. 

Macrophytes and Phytobenthos
The development of the assessment system for 
macrophytes and phytobenthos has been fi nished 
for natural rivers in Germany. Currently this system 
is validated in a practical test. The following text 
contains a detailed description of the assessment 
system, taken from the instruction protocol for the 
ecological assessment of rivers by macrophytes and 
diatoms, developed and published by the “PHYLIB-
project” (Schaumburg et al. 2004a). The assessment 

system comprises the three modules “macrophytes”, 
“benthic diatoms” and “other benthic algae (excl. 
diatoms and Charales)”.

Macrophytes
These are assessed by a calculated Reference 
Index. Calculation of the Reference Index is exclu-
sively carried out based on the submerged species 
of the sampling site. Amphiphytic taxa are consid-
ered if they are submerged. Helophytically growing 
species will not be considered.

Based on their type specifi c occurrence and 
varying ecological status, three species groups are 
distinguished for the metric “Reference Index” (see 
explanation in chapter 4.2.3). In order to assess run-
ning water sites in the North German Lowland apart 
from the reference index, the parameters diversity 
and evenness must be calculated in addition. More-
over the percentages of the species Potamogeton 
pectinatus und Sparganium emersum to all sub-
merged species at a particular sampling site as well 
as the number of taxa must be determined.

Diatoms
Diatoms are good indicators for nutrient availability 
and acidifi cation in rivers. The assessment of the 
diatom biocoenosis consists of the two modules 
“Species Composition and Abundance” (A) and 
“Trophic Index and Saprobic Index” (B).

In module A the assessment is carried out using 
the percentage of cumulated frequencies of the gen-
eral reference taxa typical for siliceous or calcareous 
running waters present at a sampling site and the 
type specifi c ubiquists that partly by a weighting pro-
cedure are used for calculation. If the catchment has 
a calcareous as well as a siliceous character, both 
groups of general reference taxa can be used for the 
assessment.

In module B two different indices were used in the 
assessment of the two biocoenotic diatom types in 
Schleswig-Holstein, respectively. For the diatom type 
9 (i.e. calcareous rivers with a catchment <1000 km²) 
the trophic index according to Rott et al. (1999) was 
applied. For the diatom type 10 (rivers with a catch-
ment > 1000 km²), the saprobic index according to 
Rott et al. (1997) is more useful because this index 
can differentiate between a wide spectra of nutrient 
concentration in comparison to the trophic index.

For overall assessment of the diatom based eco-
logical status, the two modules were combined to 
a common index called ‘DI running waters’ (DIÖZ-
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Fließgewässer). For this combination the values cal-
culated for both components are transformed on 
a scale from 0 to 1 and the arithmetic mean of the 
results is determined.

Assessment of “other benthic algae” (excl. dia-
toms and charales)
For the assessment of this group taxa were listed 
in the assigned classifi cation categories A, B, C or 
D according to their different ability to tolerate high 
nutrient concentrations. The arrangement was done 
type-specifi cally: taxa group A - species growing 
on sites with low nutrient and chemical degrada-
tion infl uences; taxa group B - species growing on 
sites with low nutrient and chemical degradation 
infl uences, but being more ubiquitous; taxa group 
C – ubiquitous species, often indicators for chemi-
cal degradation resulting in mass occurrence; taxa 
group D - degradation indicators, growing on sites 
with high nutrient and chemical degradation condi-
tions.

According to the classifi cation of the species 
an “Assessment index” can be calculated, which 
weight the occurrence and number of taxa arranged 
in class A and B positively and the occurrence and 
number of taxa arranged in class C and D negatively. 
If at least fi ve categorised taxa can be found during 
sampling, the Assessment Index can be reliably cal-
culated. If less than fi ve taxa are at hand, the total 
sum of the squared quantities must be at least 16 to 
make a calculation possible.

Overall assessment by combination of the met-
rics developed for macrophytes, diatoms and 
other benthic algae
The index for the overall assessment of the group 
Macrophytes & Phytobenthos is calculated by arith-
metic mean of the index of the three modules “macro-
phytes”, “diatoms” and “other benthic algae”. If one 
of the modules must be considered as not reliable, 
it is possible to do the assessment by the remaining 
component. However, the fi nal result must then be 
critically verifi ed. Index limits for the classifi cation of 
the ecological status for the available modules and 
biocoenotic running water types are described in 
the operating protocol in detail (Schaumburg et al. 
2004a). In 2005 this assessment system is expected 
to be validated for all running water types with some 
additional new datasets from all counties.

Phytoplankton
Phytoplankton blooms in rivers may occur if the water 
retention time permits the algae to reproduce. There-
fore high phytoplankton biomass is found mainly in 
slowly running waters and backwater rivers. In these 
potentially plankton dominated river types phyto-
plankton may be used as indicators for degradation 
due to eutrophication.

The development of an assessment system for 
phytoplankton in rivers is currently in progress. At 
the moment the work is concentrated on the devel-
opment of the following metrics: evaluation of the 
trophic degradation by ratios of taxonomic algae 
groups, selection of possible indicator species 
according to Brettum 1989 (see chapter 4.2.3), and 
further development of the harmonised taxa list (see 
chapter 4.2.3). 

However, the assessment of German lowlands 
rivers by phytoplankton is restricted to the type 15 
(mid-sized and large sandy and loam-dominated 
rivers), type 17 (mid-sized and large gravel-domi-
nated lowland rivers) and type 20 (very large sand-
dominated rivers). The following parameters are 
used for the calculation of metrics:

• mean (April - October) of chlorophyll concentration 
and total phosphorus

• Downgrading criteria secchi depth, total phyto-
plankton volume, and chloride concentration

• Pennales metric: percentage of pennate diatoms 
on the total phytoplankton volume (<20%, < 15%)

• Chlorophyte metric: percentage of chlorophytes 
on the total phytoplankton volume (> 5%)

• Blue-green metric: percentage of Cyanobacteria 
on the total phytoplankton volume (> 2%)

• Indication value of phytoplankton species.

Fish
An assessment system for fi sh is currently being 
established and tested in practise; but it is limited to 
the low mountain ranges. The assessment system 
is generally reference-orientated and considers – in 
accordance with the WFD – species composition, 
abundance and age structure or recruitment of sep-
arate species. All species are assigned to specifi c 
ecological groups using feeding strategies, reproduc-
tion, preferences in current and longitudinal zonation 
along the respective river systems. The assessment 
is carried out by comparing the current abundances 
of present fi sh species, age groups and ecological 
characteristics to the relative frequencies of the refer-
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ence biocoenosis (in percent). Migrating species are 
included by assessing the ratio of migrating species 
in the total fi sh abundance (migration index using 
long, middle and short distance migrators). It must 
however be kept in mind that running water types 
sometimes disregard biocoenotic zones as well as 
signifi cant biogeographical differences in fi sh fauna. 
For a correct application of the assessment system 
these differences must be considered when stating 
type-specifi c biological reference conditions.

For Schleswig-Holstein an internal working group 
(AK Fisch) has already produced tentative river basin 
based lists of reference species for different running 
water types. Validation within fi sh biology is done by 
participating in the ongoing LAWA Project „FIBEÖK“ 
together with four other federal states for the north-
ern plains and reference biocoenoses including 
dominance are being established. This is expected 
to lead to a draft assessment procedure which will 
supplement the currently used system which is 
based on the running waters of the lower mountain 
ranges. Afterwards this draft will need to be adapted 
to the specifi c biogeographical situation of fi sh fauna 
in Schleswig-Holstein in the AK Fisch.

Assessment of hydromorphological elements
The assessment of hydromorphological elements 
is mainly necessary when assigning a high eco-
logical status to a water body and if typical habitat 
structures of the Fauna Flora Habitat Directive are 
present. A precondition for this is assigning type 
specifi c frame values. The WFD presents the fol-
lowing hydromorphological criteria in its Annex V: 
quantity and dynamics of water fl ow, connection to 
groundwater bodies, river continuity, and variation in 
depth and width, structure and substrate of the river 
bed, structure of the riparian zone. Systems for reg-
istering structural quality are available Germany-wide 
and can be adapted to use in Schleswig-Holstein 
and used for the assessment.

Assessment of physico-chemical and chemi-
cal elements
The assessment of effects from chemical sub-
stances is similar to the method used for assessing 
pressures. The LAWA report “Hinweise des Kri-
terienpapiers zur Berichterstattung an die EU Kom-
mission (Stand 31.03.03)” gives specifi c values for 

thermal effects, excessive salinity and acidifi cation of 
running waters. For the assessment of nutrients the 
LAWA-objectives are used (3. Entwurf „Beurteilung 
der stoffl ichen Beschaffenheit von Fließgewässern 
in der Bundesrepublik Deutschland – Chemische 
Gewässergüteklassifi kation-, 26.01.98). Good eco-
logical status of a water body expects compliance 
with quality category II using the 90-Percentile of the 
values recorded in one year. 

Chemical pollutants are assessed using the quality 
norms stated in Annex 4 of the Landesverordnung 
zur Umsetzung der Anhänge II und V der Wasser-
rahmenrichtlinie (LVO). The annual means for these 
substances is tested for each measuring site. Results 
from measurements smaller than the analysis thresh-
old of an analytical method are regarded as having 
half the value of the analysis threshold and calculated 
into the means as such. If the analysis threshold is 
above the quality norm and the annual means below 
the analysis threshold, the quality norm is assumed 
to be complied with.

The chemical situation according to Annex 5 of the 
LVO is defi ned by the presence of substances from 
the list of priority pollutants. In addition to priority pol-
lutants this list also contains priority hazardous sub-
stances especially detrimental to human health.

The chemical quality of water bodies is assessed 
according to the quality norms stated in Annex 5 of 
the Landesverordnung zur Umsetzung der Anhänge II 
und V der Wasserrahmenrichtlinie. Priority pollutants 
must be measured whenever there are indications 
that they are being discharged into the river basin or 
leach into the water body from diffuse sources.

4.1.3.2 Designation of water bodies

The delineation of water bodies bases on a combi-
nation of the different stream types and six groups 
of water bodies as an analysis of the risk assess-
ment. Those six groups comprise of: (1) morphologi-
cal and organic degradation, (2) morphological and 
toxic degradation, (3) morphological degradation, (4) 
no morphological degradation, (5) existing biological 
data indicate recolonization potential by macrozoo-
benthos, and (6) existing biological data indicate a 
good status due to macrozoobenthos. As a result, 
511 different water bodies were distinguished for 
whole Schleswig-Holstein and 217 for the Schlei/
Trave river basin (Table 4.1.8).
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4.1.3.3 Heavily modifi ed water bodies 
and artifi cial water bodies

At present the criteria for heavily modifi ed water 
bodies in Schleswig-Holstein have been determined 
only for waters which are used as shipping lanes. 
Any other waters which are physically or hydro-
morphologically signifi cantly modifi ed are currently 
assessed as „unlikely to reach aims“. The assess-
ment as ‘heavily modifi ed’ makes further detailed 
research necessary which will be carried out once 
suffi cient data are obtainable from the monitoring 
programmes.

The Schlei/Trave river basin so far contains two 
artifi cial water bodies and 13 tentatively classifi ed as 
‘heavily modifi ed’ water bodies (Table 4.1.8).

4.1.3.4 Risk assessment

Basis for the risk assessment were biological, 
chemical and physical criteria using available data. 
Especially biological data are still insuffi cient. When 
assessing the risk of not meeting the aims of the 
WFD it must also be considered that details on eco-
logical quality that need to be attained are as yet not 
available. Therefore this assessment must remain 
tentative and must be verifi ed during the following 
monitoring programmes.

Streams were assessed using the saprobic 
system, physical elements such as reconstruction, 
setting in drains, transversal constructions, specifi c 
pollutants as well as additionally the general chemi-
cal and physical elements.

Data on aquatic fauna and fl ora were included in 
the assessment where obtainable. Assessment as 
likely to meet the aims of the WFD depended upon 
the benthic invertebrate fauna showing a near-typi-
cal community for the respective stream type and 

whether there were no doubts regarding other bio-
logical quality elements or pollutants, also that there 
were few or no defi cits regarding water quality and 
physical elements. These data that are necessary for 
the assessment were, however, not obtainable for all 
water bodies.

Whenever there were any doubts regarding pos-
sible signifi cant pressures or defi cits in water qual-
ity, the water body was assessed as being unlikely 
to meet the aims without additional measures. The 
reasons for this assessment were mostly due to 
physical or structural changes as consequences 
of river engineering. Straightening of waters, con-
structions along the stream or on the waterbed as 
well as regularly occurring maintenance resulted in 
signifi cant defi cits compared to the natural aquatic 
fauna and fl ora. Signifi cant chemical changes of the 
typical water quality were also a reason for possibly 
not achieving the aims of the WFD. In many cases a 
combination of chemical and physical defi cits was 
observed.

Table 4.1.9 shows the assessment of achiev-
ing the aims of the WFD for watercourses. Defi cits 
may contain multiple reasons if chemical and physi-
cal defi cits were observed in the water bodies. The 
federal states concerned with the assessment have 
followed different criteria for their assessment; these 
are stated in the footnotes to the table. 

4.1.4 Gdansk

4.1.4.1 Classifi cation

At present in Poland a classifi cation system that orig-
inates from the ‘Water Quality Regulation’ of 1991 is 
being used. It gives guidelines for the quality of water 
and restrictions for sewage discharges into the envi-
ronment. It applies to rivers as well as to lakes.

 Artificial Tentatively heavily modified 

Sub-basins Total number of 
water
bodies

Number of 
water bodies 

km Number of 
water bodies 

km

Schlei 39 - - - - 

Schwentine 27 - - - - 

Kossau/Oldenburger Graben 55 - - - - 

Trave 69 2 34 1 11 

Stepenitz 27 - - 12 130 

river basin total 217 2 34 13 144 

Table 4.1.8 
Artifi cial and heavily 
modifi ed water bodies 
in the Schlei/Trave river 
basin.
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The WQR describes three classes of water quality 
related to the purpose of water use.

The fi rst class is used for surfacewaters that must 
be suitable for supplying drinking water and water 
requested by the industry, and moreover suitable for 
natural populations of salmonid fi sh.

The second class is used for surfacewaters 
that must be suitable aquatic life in general, includ-
ing other kinds of fi sh than salmonids, for watering 
cattle, bathing and other kind of human recreational 
activities.

The third class is used for surfacewaters suitable 
for supplying water to be used by the industry and 
for irrigating fi elds.

Table 4.1.10 shows some of the parameters men-
tioned in the Water Quality Regulation of 1991.

The latest monitoring data collected in 2003 
showed that most of the Pasleka River is classi-
fi ed as II. Only the most downstream reach below 

Braniewo is classifi ed as below III due to high values 
of discharged ether and coliforme bacteria. How-
ever, the saprobic index classifi ed this reach as II. 
In a location below Lake Isag, the river was classi-
fi ed as II only due to COD, phosphorous compounds 
and the saprobic index, whereas the classifi cation 
according to other parameter was I. Moreover, the 
comparison of phosphorous compounds concen-
trations between 2001 and 2003 shows a positive 
trend improving from class III to II. 

The present classifi cation system described 
above has been translated into the WFD fi ve quality 
classes:

 
Class I: High ecological quality
Class II: Good ecological quality
Class III: Moderate ecological quality
Beyond class III: Poor or bad ecological quality.

Tab. 4.1.9 
Assessment of achiev-
ing the aims of the 
WFD for water bodies 
in streams  in the Sch-
lei-Trave River Basin, 
Schleswig-Holstein.

Achieving the aims Reason for unlikely to achieve aims 
(if data available) Sub-basin

Number 
WB

Likely Unclear Unlikely Physical 
deficit

Chemical
deficit

Biological 
deficit

Schlei 39 - - 39 39 18 13 

Schwentine 27 - - 27 27 3 6 

Kossau/Oldenburger Gra-
ben

55 4 - 51 52 7 15 

Trave 69 1 - 68 68 24 38 

Stepenitz 27 3 - 24 20 4 8 

River basin 217 8 0 209 206 56 80 

Parameter Class I Class II Class III Beyond classes 

pH 6.5 - 8.5 6.5 - 9.0 6.0 - 9.0 < 6.0 or >9.0 

Suspended solids (mg/l) < 20 20 - 30 30 - 50 > 50 

BOD5 (mg/l) < 4.0 4 - 8 8 - 12 > 12 

CODMn (mg/l) < 10 10 - 20 20 - 30 > 30 

CODCr (mg/l) < 25 25 - 70 70 - 100 > 100 

Dissolved oxygen (mg/l) > 6.0 5.0 - 6.0 4.0 - 5.0 > 4.0 

Ammonia (mg/l) < 1.0 1.0 - 3.0 3.0 - 6.0 > 6.0 

NO2-N (mg/l) < 0.02 0.02 - 0.03 0.03 - 0.06 > 0.06 

NO3-N (mg/l) < 5.0 5.0 - 7.0 7.0 - 15.0 > 15.0 

PO4-P (mg/l) < 0.2 0.2 - 0.6 0.6 - 1.0 > 1.0 

Ptot (mg/l) < 0.1 0.1 - 0.25 0.25 - 0.4 > 0.4 

Zn (mg/l) < 0.2 < 0.2 < 0.2 > 0.2 

Saprobic index < 2 2 - 3 3 > 3 

Table 4.1.10 
Selected parameters 
that describe the qual-
ity of classes of rivers 
and lakes defi ned in the 
Polish ‘Water Quality 
Regulation’ from 1991.
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However just recently (in February 2004), a new 
Polish water quality classifi cation system was intro-
duced for inland surface water bodies (i.e. both 
rivers and lakes). It defi nes fi ve quality classes that 
correspond to the fi ve ecological quality classes of 
the WFD using a number of physical-chemical and 
biological parameters see Tables 4.1.11-4.1.12.  

Certainly the new system will be extended by other 
the quality elements suggested in the Directive, 
including other chemical elements, other biological 
metrics, and some hydromorphological quality ele-
ments.

At present moment it is foreseen that a new regula-
tion on the assessment of water quality harmonized 
with the Water Framework Directive will be offi cially 
introduced in 2005.

4.1.4.2 Designation of water bodies

A preliminary identifi cation has designated 28 water 
bodies; all these consist of relatively long reaches of 
signifi cantly large streams. Each of them belongs to 
only one type with the same overall quality and sub-
jected to the same overall pressures.

4.1.4.3 Heavily modifi ed water bodies 
and artifi cial water bodies

There are no water bodies identifi ed as heavily modi-
fi ed within the pilot area.

Parameter Class I Class II Class III Class IV Class V 

pH 6.5 - 8.5 6.0 - 9.5 6.0 - 9.0 5.5 - 9.0 < 5.5 or > 9.0 

Suspended solids (mg/l) <15 15-25 26-50 51-100 > 100 

BOD5 (mg/l) < 2 2 - 3 3 - 6 6 - 12 > 12 

CODMn (mg/l) < 3 3 - 6 6 -12 12 - 24 > 24 

CODCr (mg/l) < 10 10 - 20 30 60 > 60 

Dissolved oxygen (mg/l) > 7.0 7.0 – 6.0 6.0 – 5.0 5.0 – 4.0 < 4.0 

Ammonia (mg/l) < 0.5 0.5 – 1.0 1.0 – 2.0 2.0 – 4.0 > 4.0 

NO2-N (mg/l) < 0.03 0.03 - 0.1 0.1 - 0.5 0.5 - 1.0 > 1.0 

NO3-N (mg/l) < 5 5 - 15 15 - 25 25 - 50 > 50 

PO4-P (mg/l) < 0.2 0.2 - 0.4 0.4 - 0.7 0.7 - 1.0 > 1.0 

Ptot (mg/l) < 0.2 0.2 - 0.4 0.4 - 0.7 0.7 - 1.0 > 1.0 

Zn (mg/l) < 0.3 0.3 - 0.5 0.5 – 1.0 1.0 – 2.0 > 2.0 

Parameter Class I Class II Class III Class IV Class V 

Phytoplankton saprobic index <1 1-1.5 1.6-2.5 2.6-3.5 > 3.5 

Periphyton saprobic index <1 1-1.5 1.6-2.5 2.6-3.5 > 3.5 

Macrozoobenthos biodiversity index1

>5.5 4.0-5.5 2.5-3.9 1.0-2.4 > 1.0 

Macrozoobenthos biotic index2

>100 70-99 40-69 10-39 < 10 
1 Modified after Margalef, defined here as s/logN, where s is number of occurring families and N total  number of individuals m-2

2 Biotix Index according to Chandler (1970) 

Table 4.1.11 
Selected physical-
chemical parameters 
characterizing the fi ve 
water quality classes 
introduced in 2004 , 
and that are equivalent 
to the WFD ecological 
quality classes.

Table 4.1.12 
Selected biological pa-
rameters characterizing 
the fi ve water quality 
classes equivalent to 
the WFD ecological 
quality classes.
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Table 4.1.13 
Risk assessment of not 
attaining ‘good’ eco-
logical quality by 2015 
for 28 river water bod-
ies in the Paleska sub-
basin (pilot catchment). 
+: Water bodies not at 
risk; -: Water bodies at 
risk; no data: appropri-
ate data lacking.  

Environmental objective failing factor  

Water body code Name Point
pollution 

Non-point pol-
lution including 

nitrates
Water intakes 

General value after 
verification of water 

quality 

PLRW200017566549 

Drweca Warminska 
from springs down 
to tributary from 
Mingajny

+ + + + 

PLRW200017566569 Opin + + + + 

PLRW20001756669 Lubominska Struga + + + + 

PLRW20001756689 tributary from Wo-
jtowo 

+ + + + 

PLRW20001756769 Mlynowka + + + + 

PLRW20001756789 Mlynska Struga + + + + 

PLRW20001756829 Walsza from 
springs to Katlawka 

+ + + + 

PLRW2000175684 tributary from De-
bowiec 

+ + + + 

PLRW20001756869 Warna + + + + 

PLRW20001756969 Laznica + + + + 

PLRW20001856139 
Pasleka down to 
outflow from Sarag 
lake 

+ + + + 

PLRW200018561529 tributary from Sala-
minek 

+ + + + 

PLRW200018561552 tributary from Miel-
nik lake no data + + no data 

PLRW20001856299 Gilwa from Swieta-
jno lake 

no data + + no data 

PLRW20001856329 Morag no data + + no data 

PLRW20001856369 Skolity Canal + + + + 

PLRW200018563729 tributary from Litwa + + + + 

PLRW2000185638 tributary from Kon-
radowo 

+ + + + 

PLRW20001856394 tributary from Wor-
lawek 

+ + + + 

PLRW20001856396 tributary from Biala 
Woda 

+ + + + 

PLRW2000185649 Milakowka from 
Narie lake, Mildzie + + + + 

PLRW2000205631 

Pasłlea from Sarag 
lake down to 
Morag and Leguty 
lake, Isag lake 

no data + + no data 

PLRW2000205659 
Pasleka from 
Morag down to 
Drweca Warminska 

no data + + no data 

PLRW20002056699 

Drweca Warminska 
from tributary from 
Mingajny down to 
the mouth 

+ + + + 

PLRW2000205685 
Walsza from Kat-
lawka down to 
Warna 

+ + + + 

PLRW2000205689 Walsza from Warna 
down to mouth 

+ + + + 

PLRW20002056919 

Pasleka from 
Drweca Warminska 
down to Pierzchaly 
reservoir 

+ + + + 

PLRW20002056999 
Pasleka from Pierz-
chały reservoir 
down to the mouth 

No data + No data No data 
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4.1.4.4 Risk assessment

At present the large majority of the “river” water 
bodies of the Pasleka sub-basin do not comply with 
good ecological status. Thus, although the saprobic 
index is II at most stations (defi ned as equivalent to 
good ecological status), the concentration of total 
phosphorus is in general far too high and the sanitary 
status generally very poor. The primary reasons for 
the insuffi cient water quality are direct emissions of 
liquid manure from farms and poorly treated waste-
water from scattered dwellings (40-50 % of the pop-
ulation are not connected to any sewage systems).

The risk assessment for ‘rivers’ in the pilot catch-
ment has been carried out according to the following 
criteria:
 
• The deadline for complying or failing good ecologi-

cal status is set to 2015
• It is expected that already approved measures 

(that are independent of the implementation of 
WFD: improved wastewater treatment in scattered 
dwellings and introduction of manure pits, urine 
tanks, and slurry tanks) is implemented and have 
a signifi cant effect before 2015 

• The risk of failing the environmental objectives is 
assessed based on the quality classes based on 
the ‘Water Quality Regulation’ of 1991 (see 4.1.4.1). 
There are no such water bodies in the Pasleka 
sub-basin

• Water bodies without appropriate data to assess 
the risk based on the quality classes defi ned by 
the ‘Water Quality Regulation’ of 1991 are not 
regarded as being at risk

• Presence of heavily modifi ed water bodies (there 
are no such in the Pasleka sub-basin).

• Presence of water bodies vulnerable to nitrate 
(there are no such in the Pasleka sub-basin)

• Presence of water bodies vulnerable to water qual-
ity changes (there are no such in the Pasleka sub-
basin).

The results are presented in Table 4.1.13 that show 
the risk that water bodies fail to reach good ecologi-
cal quality by 2015.

4.1.5 Kaliningrad

4.1.5.1 Classifi cation

The National classifi cation of watercourses - as well 
as the classifi cation of lakes and coastal waters - is 
based on the following main principles:

• Each surfacewater is assigned an objective that is 
related to the kind of human use of the respective 
water

• Surfacewaters are classifi ed by the chemical 
status, by biological characteristics, and by the 
level of anthropogenic impact.

• For each ‘category of use’ so-called ‘Maximum 
Admissible Concentrations’ (MAC) are defi ned 
for a number of hazardous chemical substances. 
These ‘MAC’s are the maximum concentrations 
that do not have negative effects on the quality 
and quantity of inhabiting species of fi sh.

• A ‘class’ of concentrations that represent a risk to 
human health is determined for each hazardous 
substance.

In the Russian national classifi cation there is no 
clear distinction between chemical and environmen-
tal status of a certain water body, as is the case in 
the Water Framework Directive.

Chemical classifi cation and assessment
The quality of watercourses with regard to the 
chemical characteristics in quite well investigated on 
the territory of the Russian Federation. A long-term 
national monitoring gave an opportunity to collect 
comprehensive information on the chemical status 
of water bodies and process it in unifi ed national 
format. The uniform methods of a quantitative chem-
ical analysis give an opportunity to consider these 
data quite reliable.

The system for investigating the chemical condi-
tion is providing methods of a complex assessment 
of the level of surfacewater pollution by a wide range 
of chemical characteristics. According to the Rus-
sian standards the classifi cation of the water body 
pollution level is a conditional division of the whole 
range of the water body composition and charac-
teristics in the condition of an anthropogenic impact 
with a gradual transition from ‘conditionally clean’ to 
‘extremely dirty’.
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Thus, based on the degree of chemical pollution 5 
classes are defi ned, some of which are sub-divided. 

following steps: (1) By each of the substances and 
by an index of water pollution; (2) Simultaneously by 
the whole range of substances.

The following characteristics are defi ned for each 
substance in fi xed period of time:

1. Frequency of measured concentrations that 
exceed MAC

2. Average of all the values that exceed MAC
3. ‘Generalized assessment mark’ of each sub-

stance. This is done by calculating a sum of par-
ticular assessing marks using data from 1 and 2 
(see above). The generalized assessment mark 
– defi ned as Sij = Sbij·SBij - gives an opportunity 
to take into account – for each substance - both 
values of concentrations observed and the fre-
quency with which they occur. Sbij is a assessing 
mark for frequency of measured concentrations 
that exceed MAC of the i’th substance in j-sec-
tion line taken during a time period considered; SBij 
is the average of all the values that exceed MAC 
by i’th –ingredient in a j-section line during a time 
period considered.

Generalized assessment mark gives the possibil-
ity to consider simultaneously – for each substance 
on list N1 – both frequency and values that exceed 
MAC. The value of the generalized assessment mark 
by may vary from 1 to 16 for each substance, respec-

‘Obligatory list’ of chemicals – N1 Number Substance 

Number Substance 8 Ammonia 

1 Dissolved oxygen 9 Total iron 

2 BOD5 10 Copper 

3 CODMn 11 Zinc 

4 Phenol total hardness 12 Nickel 

5 Oil products 13 Chlorine 

6 Nitrite 14 Manganese 

7 Nitrate 15 Sulphate 

I Conditionally clean 

II Gently polluted 

III a Polluted 

III b Very polluted 

IV a Dirty 

IV b Very dirty 

V Extremely dirty 

In order to defi ne the water quality class of a site 
in a specifi c river or stream, the results of the chemi-
cal analysis of the samples from the respective site 
are used to calculate a rather complex index. Fif-
teen chemical variables/substances - that most 
characteristic or relevant in the Russian Federation 
- are included in an ‘obligatory list’ (N 1). Further, a 
‘recommended list’ (N2 – not shown) is used for the 
calculation of a Specifi c Combinative Pollution Index 
for those watercourses where there is a need for 
accounting of specifi c pollutants. A ‘free list’ (N 3) is 
specifi ed for the concrete research investigations.

Using data according to e.g. N1 from a certain river 
site, calculation of a pollution index is made by the 
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tively. The higher the value, the higher pollution is.
The values for each of the substances may be 

included in a Combinatory water pollution index, 
defi ned as: 

          Nj

Sj = � Sij
          i=1 

where Nj is the number of substances included in 
the assessment. Further, a Specifi c combinatory 
index of water pollution may be defi ned as:

Sj� = Sj
Nj

The last part of the assessment (or classifi cation) 
is carried out defi ning a Critical index of water pol-
lution. This is an index for which the condition Sij ≥ 9 
is relevant: that is when a persistently or character-
istically high or very high pollution is observed (i.e. 
‘very dirty’ or ‘extremely dirty’). In order to analyze 
such incidents a list and a number of critical indices 
of water pollution F (CPI) are used. The classifi cation 
is carried out using: 

• Combinatory pollution index
• Number of critical indices
• Coeffi cient of reserve
• Number of ingredients accounted in the assess-

ment of pollution ingredients and characteristics.

Coeffi cient of reserve is calculated by a formula:  
k = 1 – 0.1F, where F is the number of critical indi-
ces of water pollution (CPI). Coeffi cient of reserve k 
is introduced below in the gradation of water quality 
classes for strengthening the assessment in case of 
detection of concentrations close to or just reaching 
the levels of high or very high pollution. The values 
of reserve k are decreasing with an increase in CPI 
number from one, when CPI is 0, to 0.9, when CPI is 
1 etc. Coeffi cient of reserve k is calculated when F≤ 
5. In case F ≥ 6 and k ≤ 0.4 the water quality is - with-
out any calculation - referred to class V (‘extremely 
dirty’).

The fi ve classed chemical assessment system is 
presented in Table 4.1.14

A fairly simple mathematical operation for calculat-
ing a particular evaluative mark by the recurrence of 
the MAC’s exceeding and its repetition factor ena-
bles one to characterize the sustainability of water 
pollution and to defi ne the level of pollution:

Sustainability of
pollution
Specific evaluative mark 
by recurrence of the MAC’s exceeding 

Single (10%) Low (1-2) 

Unstable (10-30%) Medium (2-10)

Stable (30-50%) High (10-50) 

Characteristic
(>50%) 

Very high (>50) 

Level of pollution
Specific evaluative mark 
by the repletion factor of 
MAC’s exceeding

Level of pollution 
Specific evaluative mark 
by the repletion factor of MAC’s 
exceeding 
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Table 4.1.14 
Classifi cation of water course quality by specifi c index value of water pollution.

Specific index of water pollution 

Depending on number of  critical water pollution indices 
Water 
quality 
class 

Water quality 
class category 

Characteristic 
of water 
pollution 

status 

In case of absence 
of critical pollution 

indices (CPI) 
1 CPI 

(k=0.9) 
2 CPI 

(k=0.8) 
3 CPI 

(k=0.7) 
4 CPI 

(k=0.6) 
5 CPI 

(k=0.5) 

1 - Conditionally 
clear 

1 0.9 0.8 0.7 0.6 0.5 

2 - Gently polluted (1; 2] (0.9; 1.8] (0.8; 1.6] (0.7; 1.4] (0.6; 1.2] (0.5; 1.0] 

- Polluted (2; 4] (1.8; 3.6] (1.6; 3.2] (1.4; 2.8] (1.2; 2.4] (1.0; 2.0] 

Category ) Considerably 
polluted

(2; 3] (1.8; 2.7] (1.6; 2.4] (1.4; 2.1] (1.2; 1.8] (1.0; 1.5] 3

Category b) Extremely 
polluted

(3; 4] (2.7; 3.6] (2.4; 3.2] (2.1; 2.8] (1.8; 2.4] (1.5; 2.0] 

- Dirty (4; 11] (3.6; 9.9] (3.2; 8.8] (2.8; 7.7] (2.4; 6.6] (2.0; 5.5] 

Category ) Dirty (4; 6] (3.6; 5.4] (3.2; 4.8] (2.8; 4.2] (2.4; 3.6] (2.0; 3.0] 

Category  b) Dirty (6; 8] (5.4; 7.2] (4.8; 6.4] (4.2; 5.6] (3.6; 4.8] (3.0; 4.0] 

Category c) Very dirty (8; 10] (7.2; 9.0] (6.4; 8.0] (5.6; 7.0] (4.8; 6.0] (4.0; 5.0] 

4

Category d) Very dirty (10; 11] (9.0; 9.9] (8.0; 8.8] (7.0; 7.7] (6.0; 6.6] (5.0; 5.5] 

5 - Extremely dirty (11; + ] (9.9; + ] (8.8; + ] (7.7; + ] (6.6; + ] (5.5; + ]

Comment :  (…; …] conform interval value “over” and “not over”, respectively. 

Biological characteristics 

Phytoplankton, zoo-
plankton,
periphyton 

Zoobenthos 

W
at

er
 q

ua
lit

y 
cl

as
s 

Level of water pollution 

Saprobic index ac-
cording to Sladecek 
(1973) 

Relation of a total number of 
Tubifex  tubifex  to the total 
population of bottom organ-
isms, % 

Biotic index by 
Woodiwiss 

(1964) 

I Very clean Below 1.00 Absent or lower 30 10 

II Clean 1.00 - 1.50 Below 30 7 - 9 

III Fairly polluted 1.51-2.50 30 - 50 5 - 6 

IV Polluted 2.51-3.50 51 - 70 3 - 4 

V Dirty 3.51-4.00 71 -  90 2 

VI Very dirty Above 4.00 90 -100 
 or zoobenthos absent 

0 - 1 

Table 4.1.15 
Biological metrics used 
in classifi cation of water 
quality in watercourses 
of the Russian Federa-
tion.

At present the above mentioned method was used 
to defi ne the water quality class for 11 water courses 
within the Kaliningrad region. The water quality of 
the large watercourses was classifi ed for different 
reaches. These were classifi ed from “conditionally 
clean” (I) to “very dirty” (IV). Only one reach of the 
river Pregol was classifi ed as “very dirty” and it is 
situated downstream of the Kaliningrad city which 
discharges its municipal wastewaters directly into 
the river practically without any treatment.

Classifi cation and assessment by biological 
characteristics
In order to classify an environmental status of the 
watercourses in Russia, the following biological 
characteristics of water quality are used such as 
species diversity (characteristic of species diversity 
and information indices) and composition of indi-
cator organisms (biotic index). Table 4.1.15 present 
the classifi cation of the water quality using different 
biological characteristics. The table is compiled from 
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the National Guidelines RD 52.24.309-92 “Organisa-
tion and carrying out of regime observations over 
the pollution of surface waters of land in the national 
network”. The table is a recommendation and not 
obligatory for fulfi lment. It should be noticed that the 
classifi cation operates on 6 step scale that is not 
directly comparable to the chemical classifi cation 
previously presented. At present a new version of 
this document is worked out but it is not introduced 
so far. 
In addition, the composition and abundance of the 

fi sh fauna is used to describe the quality of water-
courses. This kind of classifi cation is related to the 
objective for the watercourses (see above), i.e. to 
the fi shery value defi ned by the prevailing groups 
of economically valuable fi sf species compared 
to the more ‘unimportant’ species. In practice, 
three fi shery categories are defi ned after priority:

1. Sites suitable for spawning, growth of juvenile fi sh, 
with deep areas suitable for wintering for species 
like salmonids, sturgeons etc.

2. Sites suitable for valuable species like bream, pike-
perch etc.

3. Sites not suitable for spawning and wintering, and 
with not valuable fi sh species like roach and perch.

Formally this may be not a strict classifi cation of 
water bodies. However, occurrence of species that 
demand ‘clean’ water (valuable fi sh species) is an 
indication of ‘good ecological’ quality and therefore 
fi sh are included in monitoring programmes.

Recently, a system for assessing anthropogenic 
impact on freshwater ecosystems – including large 
rivers - has been suggested. The system is based 
on: 

• The spatial-temporal distribution of the total 
number of phytoplankton

• The character of variation of the total number of 
phytoplankton  

The principle – see Table 4.1.16 and 4.1.17 - is that 
anthropogenic eutrophication results in an increase of 
the biological productivity (increased phytoplankton 
growth) of water bodies leading to serious structural 
changes of the aquatic ecosystem. The changes of 
the biocoenoses are related to diversity of the phyto-
plankton, i.e. the number of phytoplankton species 
increases, inter-species relationships changes, spa-
tial and temporal heterogeneity increases, and tro-
phic chains are becoming simpler. These changes 
infl uence the whole ecosystem, including also the 

Table 4.1.16 
Classifi cation of anthro-
pogenic impact effects 
on water ecological 
systems.

Table 4.1.17 
Classifi cation of fresh-
water ecosystem based 
on anthropogenic eu-
trophication levels.

Statistical characteristics of total phytoplankton 
population variation Effect of anthropogenic impact 

Mode 0,  thousand cells/ml Relative Density D0, % 

Ecological regress 0.5 100 – 300 

Elements of ecological regress up to 1.5 50 – 100 

Anthropogenic stress with elements of ecological re-
gress up to 2.0 20 – 60 

Anthropogenic stress 2.0 – 5.0 50 – 100 

Anthropogenic eutrophication over 10 up to 30 

Levels of eutrophication Statistical characteristics of the phytoplankton population develop-
ment low medium high 

Mode of the modal interval of the total population, thousand cells/ml 2 -10 2 - 20 1 - 10 

Frequency of occurrence of the high values of the total population, 
%

10 - 40 10 - 40 10 - 50 

Frequency of occurrence of the low values of the total population, %   5 - 50 

Exceeding ratio of abnormally high number of total population 5 - 50 50 - 200 10 - 300 

Mode of the modal interval of the total number of species 20 - 30 10 - 20 10 - 25 

Mode of the modal interval of the relative population of dominating 
species, % 

30 - 50 50 - 100 20 - 70 

Mode of modal interval of the relative number of groups of the blue 
and green algae. up to 5 30 - 50 40 - 60 
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breakdown of organic matter, primary production of 
periphyton, bacterial production, and zoobenthos 
production. The system is based on statistical analy-
ses of variations in phytoplankton populations. It 
operates with so-called dynamic (or temporal) rows 
of numbers either at defi nite time (momentary rows) 
or by a defi nite period (interval rows). Thus, a modal 
interval is an interval of the most frequently occurring 
values in a given variation row. Specifi cally, M0 is the 
average value of a modal interval in a given variation 
row. D0  is a relative density of a variation row or a 
density of distribution.

According to the total values of statistical charac-
teristics given in the Table 4.1.17 levels of eutrophi-
cation for the freshwater ecosystems are assessed. 
It is reasonable to make an assessment of the level 
of eutrophication for each section of the ecosystem 
considering them as micro-ecosystems. The initial 
information taking into account a seasonal phy-
toplankton development and variability from 3 to 
5 years seems to be the most appropriate for the 
assessment. The results of studies of 30 lakes and 
rivers carried out in Russia have confi rmed the pos-
sibility to classify the freshwater ecosystems by pri-
ority characteristics of the structural reorganization 
of the phytoplankton populations.

4.1.5.2-4 Designation of water 
bodies, risk assessment

These parts of the WFD process were not carried in 
the Kaliningrad region as Russia has no obligation to 
implement the directive.

4.1.6 Laholm

4.1.6.1 Classifi cation

Nationally, it has been decided that environmental 
quality criteria derived by the Swedish Environmental 
Protection Agency are to be used to investigate eco-
logical status of watercourses, as well as lakes and 
coastal waters. Work is ongoing to adapt these crite-
ria to the requirements of the Framework Directive to 
classify water status as “high”, “good”, “moderate”, 
“unsatisfactory” and “bad”. In addition, new environ-
mental quality criteria are being derived for hydro-
morphological effect factors, etc., for which there are 
no offi cial criteria at present. Until this work has been 
completed, the current Swedish environmental qual-

ity criteria (SEPA, 1999 and 2000) are to be used. 
Alternately, an expert judgement may be made. At 
the time of writing there are as yet no clear instruc-
tions from The Swedish Environmental Protection 
Agency regarding how an overall assessment of the 
ecological status of watercourses (and other surface 
waters) is to be performed. 

‘System Aqua’
However, a so-called “System Aqua” is developed as 
a tool/instrument for the characterisation and evalu-
ation of the ‘nature’ in both lakes and watercourses. 
The concept of ‘nature evaluation’ originates from 
the British SERCON (Boon et al. 1994, 1997) and has 
been adapted and tested over a number of years at 
both national and regional levels, to make it suitable 
for use under Swedish conditions. Work is currently 
ongoing to adapt System Aqua to the WFD; one of 
two subprojects has already been completed (Ber-
gengren & Bergquist, 2004).

One of the three criteria assessed is the ‘natural-
ness’. This criterion is in good agreement with the 
requirements of WFD, and it could therefore serve 
as an alternative assessing ecological status in the 
present BERNETcatch (Bergengren oral communi-
cation). It is based on the ecological quality criteria of 
the Swedish Environmental Protection Agency men-
tioned above for biological and chemical parameters 
(SEPA, 1999, 2000), biotope surveys of lakes (Jacob-
son & Liliegren, 2000) and watercourses (Halldén et 
al., 1997), all in accordance with systematised meth-
ods and documented knowledge. ‘Naturalness’ is 
assessed by making an overall weighing of the fol-
lowing indicators:

N1.  Present physical changes
N2.  Flood control and regulation of waterlevel
N3.  Land use in near-stream areas (incl. ripari- 

 an areas)
N4.  Water quality
N5. Alien species
N6.  Change in fl ora and fauna
N7.  Fragmentation

Each indicator is rated on a scale from 0 to 5, 
where the highest value 5 equals virtually unaffected 
or natural conditions (for assessment of the rele-
vant indicators, see Annex 4.4). For each indicator 
a mean value is calculated. These values may then 
be translated into WFD ecological status accord-
ing to table 4.1.18. If the principle “one-out-all-out” 
is applied (depending on how the concept is inter-
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preted) then the lowest indicator value among the 
criteria N1-7 represents the fi nal assessment of the 
ecological quality. 

Classifi cation using macroinvertebrates
Classifi cation limits for several macroinvertebrate 
indices have been suggested (Johnson & Goedkoop, 
2005). In Table 4.1.19 we only present the results for 
a few of these: number of taxa, ASPT Index, DSFI, 
and Acidity Index. The number of taxa (or taxon 
richness) of course depends on the identifi cation 
level used; for the assessment of macroinvertebrate 
richness a total number of 517 taxa are recognised 
including species, genera, families and even higher 
taxonomic units. The ASPT Index is defi ned as the 
average score per taxon (Armitage et al., 1983); the 
index only requires identifi cation to family level (and 
in one case a class), where each taxa are assigned 
a certain indicator weight ranging from 1 to 10. The 
weights of the taxa present in a given sample are 
summed and divided by the number of taxa to cal-
culate the index value. The DSFI is mentioned in 
chapter 4.1.1. Both ASPT and DSFI refl ect organic 
pollution, and of course are also sensitive to the 
physical properties of the sampling sites. The Acid-
ity Index (Henrikson & Medin, 1986) is calculated as 
the sum of the highest score for each of fi ve differ-
ent criteria (I. presence of Ephemeroptera, Plecop-
tera and Trichoptera taxa with varying pH-tolerance; 
II. presence of amphipods; III. presence of some 
other groups that is sensitive to acidifi cation; IV. ratio 
between number of species of Baetidae and Plecop-
tera; V. number of taxa). It of course refl ects pH and 
acidifi cation.

The classifi cation limits are established on basis of 
data from 700 sampling sites (Table 4.1.19). Thus, for 
each of the indices the difference between the 25th 

percentile of the values of the identifi ed reference 
sites (n=353) and the lower limit for all 700 sampling 
sites is divided by 4 in order to separate the 5 quality 
classes. However, according to (Johnson & Goedk-
oop, 2005) further studies are needed to determine 
the limits between good and moderate status with 
greater certainty, and to determine the relationships 
between impacts and signifi cant changes in the 
macroinvertebrate communities.

Three ecoregions occur in Sweden with rather dif-
ferent macroinvertebrate communities. Therefore, 
classifi cations limits were calculated for each of these 
ecoregions. In region 14 (which includes Stensån), 
both the number of species and The Acidity Index 
refl ected signifi cant differences between water-
courses affected by acidity and reference water-
courses. Further, both the number of species and 
the ASPT Index demonstrated signifi cant differences 
between the eutrophicated (i.e. nutrient-impacted) 
watercourses and reference watercourses, whereas 
DSFI only demonstrated a moderate response.

Preliminary assessment in the River Stensån
We tested and compared three different approaches 
(test 1-3, see below) to classify the ecological status 
of water bodies of River Stensån in order to establish 
a fi nal assessment. In Stensån, no studies of macro-
phytes or periphyton-diatoms have been made. 
However, the benthic fauna and fi sh have been stud-
ied at a number of sites.

Using these data on macroinvertebrates (see 
Table 4.1.19, ecoregion 14), both the old and the new 
(preliminary) Swedish environmental quality criteria 
were used and tested. However, taxon richness and 
the three indices are probably inadequate for deter-
mination of the ecological status of Stensån. They 
neglect, for example, impact on sensitive species 

Mean value  
(N-criterion) 

Criterion value ‘Naturalness’ according to    
System Aqua 

EQR Status according to 
WFD

�4.60 5 Natural to a very high extent 1 High 

3.81-4.60 4 Natural to a high extent - Good 

2.81 -3.80 3 Natural to a moderate extent - Moderate 

1.81 -2.80 2 Natural to a low extent - Poor 

0.81 -1.80 1 Very low degree of natural-
ness

0 Bad 

0.0 -0.80 0 Not at all natural   

Table 4.1.18 
Suggested translation 
of “naturalness” in ac-
cordance with System 
Aqua to the status clas-
sifi cation of the Water 
Framework Directive.
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Table 4.1.19 
Proposed index values 
separating the fi ve 
WFD quality classes 
for each of  four differ-
ent quality elements: 
H-G = high - good, G 
–M = good – moder-
ate, M – P = moderate 
– poor, and P – B = 
poor – bad. Please note 
that different values are 
proposed for each of 
the three ecoregions 
occurring in Sweden 
(only ecoregion 14 is 
relevant in the River 
Stenså Pilot Area). The 
table is primarily based 
on (Johnson & Goedk-
oop, 2005).

such as large fresh water bivalves (e.g. Unio species) 
and noble crayfi sh (Astacus astacus).

For fi sh a classifi cation according to the Fish IndeX 
for Watercourses (FIXW) was used (see Holmgren 
et al. 2004). This index is based on the Fish IndeX 
(FIX) developed by Appelberg et al. (1999). Both 
indices have the signifi cant weakness that they are 
based on deviations from mean values derived from 
a large database including data from impacted as 
well as un-impacted sites, and thus, not based on 
deviations from reference conditions. FIXW includes 
several metrics (e.g. number of species, number of 
individuals, percent salmonids, impact of acidifi ca-
tion assessed by fi sh).

The water chemistry in Stensån has only been 
investigated to a limited extent. Thus, there is no 
water chemistry monitoring sites in the sections of 
the water system comprising Stensån. However, the 
water chemistry is known for the small lake, Lake 
Malen, located close to the mouth of Stensån. The 
current environmental quality criteria from the Swed-
ish Environmental Protection Agency were used for 
total phosphorus and metals. Sections of the water-
course treated with lime or affected by lime may per 
defi nition not achieve high ecological status, and 
consequently may maximally be classifi ed as “good”. 

With a few exceptions, data for the 10-year period 
from 1995-2004 have been used. However where 
annual samples were available and if there were indi-
cations of signifi cant improvements during the 10 
period, mainly at the last 5 years were considered. 

In order to be able to use and assess the various 
indicators in System Aqua for the “naturalness” of 
a given body of water, documented knowledge has 
been collected regarding, for example, obstacles to 
migration, mussels, and alien species. In addition, 
rough estimates were made of physical impact, using 
ortho-photos to determine the infl uence of land use 
(fi elds, clear-felled areas, artifi cial land) in the nearby 
bank area (0-30 m on either side of the water-
course), the proportion of straightened and dredged 
reaches of the full length of the relevant section of the 
watercourse, and the degree of fragmentation of the 
section of the watercourse in terms of permanent, 
artifi cial obstacles to salmonid migration.

Because there are as yet no Swedish environmen-
tal quality criteria for hydromorphological factors, the 
System Aqua indicators N1, N2, N3 and N7 refl ecting 
physical impact (see above) were used instead.

 It should be noted that the classifi cations used 
in System Aqua and the ecological quality quotas 
are different. System Aqua measures the “natural-
ness” on a scale from 0 (not at all natural = very bad 
quality) to 5 (very natural = high quality), whereas the 
Swedish Environmental Quality Criteria measure the 
degree of impact on a scale of 1 (no impact = high 
quality) to 5 (highly impacted = bad quality). 

In test 1, the revised preliminary quality criteria for 
fi sh and macroinvertebrates were used as the deter-
mining criteria in the overall assessment, whereas 
physical-chemical quality criteria and the worst 
hydromorphological indicator value (according to 
System Aqua) were only used to support the distinc-
tion between good/moderate and high/good eco-
logical status, respectively. Thus, the assessment 
was carried out in three steps (Table 4.1.20) using: 
(1) The fi sh and macroinvertebrate, the worst result 
being decisive; (2) Physical-chemical quality factors 
(Tot-P and metals) together with “lime impact” to 
distinguish between high/good and good/moder-
ate ecological status; (3) For water bodies with high 
status according to steps 1 and 2, hydromorphologi-
cal factors (N1-3 and N7) were used to distinguish 
between high and good status, the most low-scoring 
of these factors being decisive. Thus, the ecological 
status was changed from high to good if the lowest 
indicator value was between 0 and 3. 

In test 2, System Aqua was used as an alternative 
in order to obtain a more comprehensive assessment 

Ecoregion 
14

H–G G–M M–P P–B min

Number of 
taxa

0.71 0.57 0.43 0.29 0.14 

ASPT In-
dex

0.91 0.82 0.74 0.66 0.57 

DSFI 1.00 0.81 0.63 0.44 0.25 

Acidity In-
dex

0.67 0.50 0.33 0.17 0.00 

Ecoregion 
20

H–G G–M M–P P–B min

Number of 
taxa

0.67 0.57 0.47 0.37 0.27 

ASPT In-
dex

0.93 0.86 0.80 0.73 0.67 

DSFI 0.83 0.67 0.50 0.33 0.17 

Acidity In-
dex

0.33 0.25 0.17 0.08 0.00 

Ecoregion 
22

H–G G–M M–P P–B min 

Number of 
taxa 0.87 0.74 0.61 0.48 0.35 

ASPT In-
dex

0.93 0.84 0.75 0.67 0.58 

DSFI 0.86 0.75 0.64 0.54 0.43 

Acidity In-
dex

0.80 0.60 0.40 0.20 0.00 
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Table 4.1.20 
Assessment of the eco-
logical status of water 
bodies in River Stensån 
in Test 1 (see text), car-
ried out in 3 steps. The 
revised environmental 
quality criteria were 
used for assessment 
of fi sh and macroinver-
tebrates. The current 
environmental quality 
criteria were used 
for assessment of 
the water chemistry. 
Hydromorphological 
impact was assessed 
using indicators N1, 
N2, N3 and N7 in the 
criteria for “natural-
ness” of System Aqua. 
The colours are used 
in accordance with 
the WFD: Blue – high; 
green – good; yellow 
– moderate; orange 
– poor; red - bad.

Step 1

Water body Macroinvertebrates  Fish Final biological as-
sessment 

Stensån 1 HIGH  (GOOD)-POOR (GOOD)- POOR 
Stensån 2 HIGH  HIGH HIGH
Stensån 3 HIGH  (GOOD)-MODERATE (GOOD)-MODERATE 
Stensån 4 HIGH  BAD BAD
Örebäcken HIGH - GOOD acid.  (HIGH) - GOOD (HIGH) - GOOD 
Dalabäcken HIGH  HIGH -(GOOD) HIGH -(GOOD) 
Eglabäcken HIGH HIGH
Klippebäcken HIGH  HIGH -(GOOD) HIGH -(GOOD) 
Lilla Stensån 

Biflöde Lilla Stensån HIGH -(GOOD) HIGH -(GOOD) 

    

Step 2

Water body Final biological assess-
ment, step 1 Chemical water quality Results, step 2 

Stensån 1 (GOOD)-POOR  Tot-P EQC99 = 3 (GOOD)- POOR 

Stensån 2 HIGH *  HIGH

Stensån 3 (GOOD)-MODERATE  Limed (GOOD)-MODERATE 

Stensån 4 BAD   BAD

Örebäcken (HIGH)-GOOD *  (HIGH)-GOOD 

Dalabäcken HIGH -(GOOD) *  HIGH -(GOOD) 

Eglabäcken HIGH *  HIGH

Klippebäcken HIGH -(GOOD) * Limed, not functioning well GOOD?

Lilla Stensån    

Tributary Lilla Stensån HIGH -(GOOD) *  HIGH -(GOOD) 

    

Step 3: Final results 

Water body Results, step 2 Worst indicator value among 
N1,N2, N3, N7 

Ecological status 

Stensån 1 (GOOD) -POOR  1 (GOOD) - POOR 

Stensån 2 HIGH * 3 GOOD

Stensån 3 (GOOD)-MODERATE  0 MODERATE

Stensån 4 BAD 0 BAD
Örebäcken (HIGH -GOOD  1 GOOD
Dalabäcken HIGH -(GOOD) * 3 GOOD
Eglabäcken HIGH * 1 GOOD
Klippebäcken 3 GOOD?
Lilla Stensån 2

Tributary Lilla Stensån HIGH -(GOOD) * 2 GOOD

* These assessments may be adjusted downward in steps 2 and 3, respectively. 
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using the biological, physical-chemical and hydro-
morphological quality factors. The current environ-
mental quality criteria (Appelberg et al., 1999) were 
used for N4 and N6. However, as monitoring data on 
water chemistry is scarce and incomplete, and as no 
biotope survey of Stensån has been made, which is 
normally a prerequisite for being able to use System 
Aqua, the impact on land use (fi elds, clear-felled 
areas and settlements) along a 30 m wide zone using 
ortho-photos, as well as the impact from straighten-
ing and dredging, were quantifi ed instead. In addi-
tion, documented knowledge of various impacts was 
used. The result of this assessment is shown in Table 
4.1.21. For the overall assessment, the mean value 
of the indicators N1-N7 was translated to ecological 
status according to Table 4.1.18. The result of this is 
presented in Table 4.1.22. 

The advantages of System Aqua are that the 
assessment of the biology is better than if only the 
Swedish environmental quality criteria for fi sh and 
benthic fauna are used. Thus, other species includ-
ing their possible reproductive problems (Astacus 
astacus, Unio crassus, Margaritifera margaritifera) 
not included among the last-mentioned criteria are 
taken into account. In System Aqua, the occurrence 
of alien species is also assessed (not only alien spe-
cies in Sweden, but also indigenous species alien to 
the water system in question), an important factor 
neglected in the macroinvertebrate indices. System 
Aqua has a further advantage, namely that it may 
refl ect the status of periphyton or macrophytes that 
are otherwise not monitored in Sweden, besides that 
it is the only tool in Sweden that can quantify and 
classify hydrological impact on watercourses in a 
relatively objective manner. 

By using the mean value of indicators N1-N7, the 
hydromorphological indicators among these may 
gain too much weight which, in turn, means that 
only a very few bodies of water may be assessed as 
having high or good status. The equalizing effect of 
the mean value may on the other hand result in dis-
turbed biological conditions being neglected.

Depending on how the principle “one-out-all-out” 
is interpreted, the absolutely worst quality factor 
among all the biological, physical-chemical and 
hydromorphological quality factors may be used – i.e. 
the worst value from N1-N7 (see Table 4.1.22). In that 
case, a large number of the lakes and watercourses 
in Sweden would not achieve good status. Even 
biologically valuable watercourses with good water 
quality would be assessed as being much worse 
than they actually are if there is any kind of hydro-
morphological impact found in the watercourse. 

In test 3, another approach would be to classify 
the relevant indicators according to System Aqua as 
wells as following the three-step model from test 1. In 
other words, the worst biological quality factor would 
be allowed to govern, and the physical-chemical and 
hydromorphological quality would only serve as sup-
port in distinguishing between high/good/moderate 
and high/good ecological status, respectively (Table 
4.1.23). At present, this seems to be the most accu-
rate means of assessment due to the absence of 
both guidelines and adequate environmental qual-
ity criteria. Biology is more properly assessed using 
this method than if only the benthic fauna and fi sh 
indexes are included in the assessment (according 
to test 1). This is important because biology plays a 
decisive role in classifi cation of ecological status. In 
this test, current Swedish environmental quality cri-
teria for fi sh, benthic fauna and water chemistry were 
used, but the new, preliminary Swedish environmen-
tal quality criteria for fi sh appear to function more 
satisfactorily, for which reason it would be better 
to use them in System Aqua. However, it is more 
questionable whether the current Swedish environ-
mental quality criteria for macroinvertebrates can be 
replaced with the new, preliminary ones. In this test, 
the only species considered an alien species in N5 
was the signal crayfi sh (Pacifastacus leniusculus). 
What impact possible aliens like Salix fragilis, mink 
and Gyrodactylus salaris may have on the general 
biology of Stensån remains an open question.

In summary, it seems most appropriate to clas-
sify River Stensån using the System Aqua indicators 
and to follow the three-step model described under 
test 3, slightly modifi ed by using the new, preliminary 
Swedish environmental quality criteria for fi sh (FIXV) 
under indicator N6 (see Table 4.1.24). This results 
in a minor adjustment as Stensån 4 is assessed as 
bad with regard to fi sh (at a site upstream of the lime 
metering device).

It may be argued that Stensån 1 should be subdi-
vided as approximately 2/3 of the section has been 
deepened and straightened, the adjacent fi elds 
reach all the way to the watercourse, and there are 
virtually no protective zones or trees that provide 
shade (as can be seen in the orthophotos). In this 
regulated reach macroinvertebrates have not been 
sampled and elektrofi shing only carried out sparsely. 
However, it is expected that sampling of macroin-
vertebrates and further electrofi shing would reveal 
an even poorer classifi cation than the present. The 
upper 1/3 of the section has probably been dredged 
but not straightened, and has both protective zones 
and shading riparian deciduous trees. This part of the 
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Table 4.1.21 
Data for assessment of the ecological status of the Stensån water bodies using the criteria (N1-N7) for “naturalness” in System Aqua. EQC99 indicates the current 
environmental quality criteria from the Swedish Environmental Protection Agency (Swedish Environmental Protection Agency 1999). HÔL is a fi sh quality index for 
watercourses near the coast that give access to fi sh that migrate from coastal waters (Degerman et al. 2005). Other term: see text for explanation.

Type Water body 
N1 (pre-

sent
physical 
impact) 

N2 (flood control) 

N3 (land 
use in 
near-

stream
areas)

N4 (water 
quality) N5 (alien species) N6 (change in flora 

and fauna) N7 (fragmentation) 

V314 Stensån 1 59% 

Water abstraction at 
least 0.5/km. Drainage 
ditches/blind drains at 
least 2/km 

43%
Tot-P

(eqc99)=3 in 
Lake Malen 

Gyrodactylus salaris,
Signal crayfish (Mink), 

Salix fragilis 

FIXV=(Good)-poor. 
Fish EQC99=(1-)2. 
Upper stretch 
HÖL=High. Btf index= 
High (all) 2 sets of 
samples. M. margari-
tifera, U. crassus 
found. Salmon fry 
found.

No obstacles, but 
dams

V312 Stensån 2 23.8% Drainage ditches 25.2%  Gyrodactylus salaris,
(Mink), Salix fragilis

FIXV= High, Fish 
EQC99=1 for many 
years on all points. 
HÖL= High –Good, 
varying from year to 
year Btf index = High 
(all) 2 sample sites. M. 
margaritifera: no re-
production,formerly 
abundant. Minnows 
and salmon fry found. 
A. astacus found. 

No obstacles 

V312 Stensån 3 85% Short-term regulation 60.6% Limed Gyrodactylus salaris,
(Mink) 

FIXV=Good -
Moderate). Fish 
EQC99 = 1(-3) worse 
upstream from meter-
ing device. Btf index = 
High all in 3 sets of 
samples Ecological 
limit = moderate eu-
troph. at the upper 
sample site. A. astacus 
found. Limed 2/3 

Artificial definite ob-
stacle Fr=27.5 

V312 Stensån 4 88% Drainage ditches 42.7%  (Mink) 

FIXV=Bad. Fish 
EQC99 = 3. Btf index= 
High (all) Ecological 
limit = Weak organo-
genic impact 1995 

No obstacles 

V314 Örebäcken 51% ? 36% Not limed Gyrodactylus salaris,
Signal crayfish (Mink) 

FIXV=High-Good. Fish 
EQC99=1. Btf index= 
High –
Good.EQC99acid = 1-
3. Ecological limit = In-
significant (/Strong) or-
ganogenic impact 

Artificial definite ob-
stacle Fr=50,026 

V314 Dalabäcken 21% Major problems with 
water abstraction 33% Not limed (Mink) 

FIXV (old data 1991-
1993 = High + poor. 
Fish EQC99=1+2) Btf 
index=High (all) 

No

V312 Eglabäcken 69% ? 54% Not limed (Mink) FIXV=High. Fish 
EQC99 = 1 

Probably no, but  
dam present 

V312 Klippebäcken 21% ? 18% Limed (un-
successfully)

Gyrodactylus salaris,
(Mink) 

FIXV. = High.  Fish 
EQC99 =1. HÔL= 
High, improved from 
bad over last 3 years. 
Btf index = High (all) 
BtfEQC99 acid =2, 
strong/very strong im-
pact of eutrophication. 
Improvement of eutro-
phication in recent 
years. Limed 

Natural definite ob-
stacle

V312 Lilla Stensån 41% ? 33% Not limed Gyrodactylus salaris,
Mink  No 

V312 Lilla Stensån 
(Tributary) 45% ? 50% Not limed Gyrodactylus salaris,

(Mink) 
FIXV=High-moderate. 
FishEQC99 = 1 No
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Step 1 - biology Step 2 – water quality Step 3 – physical impact Final result 
Type Water body

N6 N5 Result N4 Chemistry Result N1 N2 N3 N7 N min. 
value

Ecological
status 

V314 Stensån 1 2 3  2  1 3 (4) 2 4 

V312 Stensån 2 3   4?  3 4 3 5 

V312 Stensån 3 3 (4)   4? Lime  0 2(1) 1 2 

V312 Stensån 4 3      0 4 2 5 

V314 Örebäcken 3 3     1  3 1(2) 

V314 Dalabäcken 5      3 3(4) 3 5 

V312 Eglabäcken 5      1  2 4 

V312 Klippebäcken 4   4? Lime  3  4 5 

V312 Lilla Stensån       2  3 5 

V312
Bifl. Lilla 
Stensån 

5 (4)      2  2 5 

Table 4.1.22 
Assessment of the ecological status of Stensån water bodies using Test 2. Assessment is carried out according to the criteria for “naturalness” in System Aqua. Cur-
rent Swedish environmental quality criteria were used for macroinvertebrates and water chemistry. Colours are used below to describe ecological status (N, mean 
values) in accordance with WFD (see Table 4.1.6.1): yellow – moderate; orange – poor.

Type Water body N1 N2 N3 N4 N5 N6 N7 Minimum N-
value

Assessment N 

V314 Stensån 1 1 3 (4) 2 2 3 2 4 1 2.43 (2.57) 

V312 Stensån 2 3 4 3 4? 3 3 5 3 3.57

V312 Stensån 3 0 2(1) 1 4? 3 3 (4) 2 0 2.14 (2.14) 

V312 Stensån 4 0 4 2  3 3 5 0 2.83

V314 Örebäcken 1  3  3 3 1(2) 1 2.2 (2.4) 

V314 Dalabäcken 3 3(4) 3  3 5 5 3 3.67 (3.83) 

V312 Eglabäcken 1  2  3 5 4 1 3

V312 Klippebäcken 3  4 4? 3 4* 5 3 3.29

V312 Lilla Stensån 2  3  3  5 2 3.25

V312 Bifl. Lilla Stensån 2  2  3 5 (4) 5 2 3.40 ( 3, .20) 

Table 4.1.23 
Assessment of the ecological status of Stensån water bodies using Test 3. Assessment is carried out according to the criteria for “naturalness” in System Aqua, but 
in three steps. Current Swedish environmental quality criteria were used for macroinvertebrates and water chemistry (except for N6). N5 only included one species 
– signal crayfi sh. For hydromorphological impact, indicators N1, N2, N3 and N7 in the System Aqua criteria for “naturalness” were used. Colours used below to de-
scribe ecological status are in accordance with WFD classifi cation: blue – high; green – good; yellow – moderate; orange – poor; red – bad.

Preliminary classification of River Stensån water bodies

Type Water body Ecological status 

V314 Stensån 1 (1) Poor 

V312 Stensån 2 (2) Moderate 

V312 Stensån 3 (3) Moderate 

V312 Stensån 4 (4) Bad

V314 Örebäcken (11) Moderate 

V314 Dalabäcken (12) Good

V312 Eglabäcken (21) Good

V312 Klippebäcken (22) Good

V312 Lilla Stensån (23)  

V312 Tribut. Lilla Stensån (231) Good

Table 4.1.24
 Preliminary fi nal assessment of the ecological status of Stensån 
water bodies. Assessment  was made using Test 3, except that 
the revised Swedish environmental quality criteria for fi sh were 
used. Colours in accordance with WFD: green – good; yellow 
– moderate; orange – poor; red – bad.



4. CLASSIFICATION AND RISK ASSENSMENT

113

watercourse should therefore either be designated 
as a separate section or be merged with stretch 2, 
which it resembles more closely.

4.1.6.2 Designation of water bodies

River Stensån has preliminarily been divided into 
ten ’river’ water bodies, four in the main stream and 
six in the tributaries (see e.g. Fig. 5.1.4, p. 185). The 
water bodies are designated according to typology, 
two types being recognised (based on ecoregion, 
geology, and catchment size), and on the presence 
of lakes within the river reaches. Further, major tribu-
taries are regarded as separate water bodies. The 
catchment size limit of 10 km2 means that some small 
streams, with documented high biological values, 
are excluded so far. As mentioned above, the most 
down-stream water body (1) may be subdivided due 
to a shift in physical proporties.

4.1.6.3 Heavily modifi ed water bodies 
and artifi cial water bodies

Physical modifi cations have taken place in the whole 
catchments of River Stensån, although the major 
ones in its western part. Thus, the lower part of Sten-
sån was excavated already in the 1500’s and several 
times since to prevent sand transport and fl ooding. 
In 1925 the lower eleven kilometers were completely 
straightened and deepened. In addition, tributar-
ies in this part of the river have been culverted and 
shortened for long stretches.

Despite of the major physical modifi cations, none 
of the water bodies are considered as being heavily 
modifi ed. 

4.1.6.4 Risk assessment

According to chapter 4.1.6.1 at least fi ve of the ten 
water bodies in River Stensån pilot basin are in risk of 
not obtaining good ecological status in 2015. There 
is not suffi cient data to carry out a risk assessment 
for the Lilla Stensån water body. This water body 
may therefore be in risk too.

4.2 Lakes
4.2.1 Fyn County

4.2.1.1 Classifi cation

The ecological quality of Danish lakes is in the long 
term expected to be described and classifi ed by bio-
logical quality elements supported by hydromorpho-
logical and water chemical elements as stipulated 
in the WFD. However, the national environmental 
authorities have so far only provided one classifi -
cation element that may be used in the process of 
the risk assessment (i.e. in the Article 5 report). As 
already mentioned in chapter 3, this is due to the fact 
that the reference condition of Danish lakes types is 
only poorly described. 

The National Environmental Research Agency 
(NERI) has proposed criteria for individual ecological 
classes for the most common lakes types found in 
Denmark (NERI, 2004c; Søndergaard et al., 2005). 
The proposal encompasses both biological parame-
ters and water chemistry. The biological parameters 
may be found among phytoplankton, zooplankton, 
fi sh, and submerged macrophytes that are relatively 
well supported by monitoring data. Benthic mac-
roinvertebrates are also mentioned in WFD, but so 
far Danish monitoring data are too inhomogeneous 
and insuffi cient that this quality element has to be 
excluded at present. NERI has suggested the use 
of 28 different indicators, some of these, however, 
being limited to certain lake types. Criteria for these 
indicators has further been proposed for each of the 
fi ve quality classes using existing monitoring data 
distributed along a defi ned gradient of phosphorus 
content in the water. The available data, however, limit 
the certainty with which the classes are defi ned. The 
best description of the classes is obtained for shal-
low-alkaline and deep-alkaline lakes, whereas the 
separation of classes is much more uncertain for the 
other lakes types. However, even using the relatively 
large data material from these two most common 
lakes types, the defi nition of quality classes is prob-
lematic due to great variations. The most problem-
atic situation is when shallow lakes shifts between 
a transparent stage and a turbid stage, often at 
phosphorus contents at 50-100 µg/l. In this group 
of lakes there is a great variation in secchi depth and 
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coverage of submerged macrophytes depending on 
whether or not a lake is in a transparent state.

From a regional point of view, it is even more dif-
fi cult to carry out classifi cation due to a considerably 
sparser data material. Fyn County therefore has to 
rely on national recommendations.  

As mentioned above, one of the fundamental 
parameters in lake ecology is phosphorus content. 
Even though this does not in itself comprise a classi-
fi cation element under the WFD, phosphorus availa-
bility determines the ecological status of the majority 
of lakes. Therefore the fi ve ecological classes are 
preliminarily defi ned using mean summer phospho-
rus content. The proposed classes are shown in 
Table 4.2.1 for each of the two dominating Danish 
lakes types: the shallow-alkaline and deep-alkaline 
types that comprise more than 80 % of all Danish 
lakes that are also by far the most abundant in Fyn 
County.

4.2.1.2 Designation of water bodies

There are a total of 2 620 lakes larger than 100 m2 
in Odense Pilot River Basin (OPRB). Their combined 
area is 1 106 ha, corresponding to 1% of the whole 
basin. Their size distribution is apparent from Table 
4.2.2.

The WFD does not specify any lower size limit for 
the lakes it encompasses. The typology “System A” in 
Annex II of the WFD suggests a lower size limit of 0.5 
km2, but Guidance Document 2.3 (Reference condi-
tions for inland surface waters; REFCON) states that 
Member States can decide that also smaller water 
bodies are so important that they should be individu-
ally identifi ed. In Denmark, all lakes larger than 100 
m2 are protected by the Protection of Nature Act and 
are individually identifi ed. This protection is partly 
due to the fact that many small lakes were disap-
pearing, and partly because the many small lakes 
are important natural elements in the very culturally 
infl uenced Danish landscape. For example, the small 

lakes and ponds together support more species of 
macroinvertebrates such as worms, snails, mussels, 
crustaceans and insects than both the large lakes 
and running waters (Fog & Wiberg-Larsen, 2002).

As a consequence, all 2 620 lakes larger than 100 
m2 are in principle identifi ed as discrete water bodies. 
This emphasizes that the protection offered by the 
WFD applies to all surface waters. If the small lakes 
are not discretely identifi ed, there is the risk that this 
important habitat type could only be improved to 
the extent necessary to achieve good status in the 
water bodies with which they are in direct or indirect 
contact (cf. Section 3.5 of the Horizontal Guidance 
“Identifi cation of water bodies”). It is not practicable 
to investigate so many lakes, however. According 
to the horizontal guidance “Identifi cation of water 
bodies”, it is permissible to aggregate lakes in rela-
tion to monitoring, reporting and management. The 
lakes may then be grouped on the basis of lake type 
and catchment (assessed from GIS), and monitoring 
is carried out for a randomly selected subgroup of 
the lakes. This aggregation and selection has, how-
ever, not yet been carried out.

In order to carry out a risk assessment for these 
small lakes and ponds, monitoring data should be 
available for at least a representative subsample 
of lakes/ponds. Fyn County has only investigated 
approximately 125 such small lakes and ponds to 
assess their ecological status (e.g. Fog & Wiberg-
Larsen 2002). The monitored water bodies fall into 
two groups: (1) lakes/ponds that received poorly 
treated wastewater from scattered homes, and (2) 
lakes/ponds that may be characterized as almost 
“unpolluted”. The investigation showed that all 
lakes/ponds receiving wastewater had an unaccept-
able ecological status, whereas the majority of the 
selected “reference” lakes/ponds did in fact have 
a good ecological status. However, the subset of 
lakes/ponds was certainly not representative and 
therefore not suitable for an extrapolation to all 2620 
small lakes and ponds within the OPRB.

Another approach might be to establish rela-

Ecological status class Shallow, alkaline (µg P/l) Deep, alkaline (µg P/l) 

High 0 – 25 0 – 12.5 

Good 25 – 50 12.5 – 25 

Moderated 50 – 100 25 – 50 

Poor 100 – 200 50 – 100 

Bad > 200 > 100 

Table 4.2.1 
Proposed classifi cation 
in ecological status 
classes based on total 
phosphorus content 
(summer mean) ac-
cording to NERI 
(2004c).
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tions between the land use (including wastewater 
discharges from scattered homes) and ecological 
status of at subset of small lakes and ponds, and 
using GIS to model the ecological status of all the 
small lakes and ponds within the catchment. This 
has, however, not been possible due to diffi culties 
in obtaining data on wastewater discharges from the 
respective municipalities, and due to the very time 
consuming process.

Recent national guidelines state that only lakes 
that are appointed a specifi c objective according to 
the Regional Plan for Fyn County are obligatory in 
the designation of water bodies. According to this, 
only 14 lakes are designated as water bodies within 
OFRB. 

4.2.1.3 Heavily modifi ed water bodies 
and artifi cial water bodies

Many lakes have been physically modifi ed over the 
years as a result of lowering the water level, fi lling 
in, damming, etc. A very large proportion of the 
typically small, shallow lakes have completely disap-
peared over the past 100 years of so. For example, 
the number of lakes in the Lake Arreskov catchment 
has decreased by 76% during the period from 1890 
to 1992. However, many of the presentday lakes in 
OPRB have arisen as a result of human activity, e.g. 
peat mining, clay, marl or gravel quarrying, or as a 
result of dams etc. especially for operating mills. Of 
66 investigated lakes in the basin, nearly half (45%) 
arose as a result of peat mining, and 27% were natu-
ral. Of the larger lakes (>5 ha), however, nearly all 
are natural.

Millponds derived from damming running waters 
are identifi ed as heavily modifi ed water bodies. 
In the following WFD process a decision has to be 
made as to whether to preserve the dams, for exam-
ple for cultural historical reasons. If it is decided to 

eventually remove the dam and re-create the run-
ning water, the reach is thereafter classifi ed in the 
river basin management plan as running water and 
not as a heavily modifi ed water body. Only one lake 
among the 14 designated water bodies within OPRB 
is identifi ed as heavily modifi ed.

Some natural lakes are often modifi ed as a result 
of man-made changes in water level. The resulting 
changes in the ecology of the lake are, however, only 
relatively slight. This applies, for example, to Lake 
Arreskov, where the water level has been lowered 
in several steps such that large parts of the former 
lake surface are now freshwater meadows and bogs, 
fens, etc. Despite the change, the lake can fulfi l the 
criteria for good ecological status and hence does 
not need to be identifi ed as a heavily modifi ed water 
body. In Lake Langesø, among others, the water 
level has been raised relative to the natural level by a 
dam in the outlet. In this case too, the assessment is 
that this change in hydromorphology is so slight that 
it does not hinder achievement of good ecological 
status.

Lakes created through human activity in a location 
where there has not previously been a water body 
may be classifi ed as artifi cial water bodies. This 
particularly applies to peat mine, gravel quarry and 
marl/clay quarry lakes, duck ponds, and, to a cer-
tain extent, also to village ponds and fi re reservoirs. 
There are no lakes among the 17 designated water 
bodies within OPRB that are identifi ed as artifi cial.

Unlike natural lakes, artifi cial and heavily modi-
fi ed lakes do not have to achieve good ecological 
status, but rather “good ecological potential”. Cor-
respondingly, a reference status does not have to 
be established for these lakes, but rather a “maxi-
mum ecological potential”. Through the use of good 
ecological potential it is possible to impose just as 
stringent requirements regarding pressures, for 
example pollution. Moreover, good chemical status 
also has to be achieved. Thus relative to good eco-

Lakes with monitoring data 
Lake size Number of lakes Total area of 

lakes (ha) Number % 

> 5 ha 14 606 11 79 

3 - 5 ha 21 639 11 52 

1 - 3 ha 97 767 20 21 

0.5 - 1 ha 228 858 27 12 

0.1 - 0.5 ha 1 058 1 032 50 5 

0.01 - 0.1 ha 2 620 1 106 63 2 

Table 4.2.2 
Number and total 
area of lakes of vari-
ous size categories in 
the Odense Pilot River 
Basin.
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logical status, good ecological potential is only less 
stringent regarding the special physical conditions 
pertaining in connection with dams and the special 
physical nature of lakes originating from gravel quar-
ries and peat mines.

The status of the water body thus has to be meas-
ured against the maximum ecological potential. This 
describes the closest approximation to the reference 
status in the natural ecosystem that can be achieved 
with the hydromorphological conditions pertaining. 
With the majority of peat mine and gravel quarry 
lakes, which only differ slightly from natural lakes 
(e.g. very steep banks), maximum ecological poten-
tial will correspond to the reference status.

Thus, despite the fact that many lakes are man-
made, they show such major similarities with natu-
ral lakes that they have the opportunity of achieving 
good ecological status just like these. This especially 
applies to gravel lakes and peat ponds. These water 
bodies are therefore not identifi ed as artifi cial.

In connection with the national “Action Plan on the 
Aquatic Environment II”, a special group of the lakes 
have arisen. These have been formed with the main 
aim of enhancing nitrogen retention and denitrifi ca-
tion due to leaching from agricultural land. Pursuant 
to the Danish Environment Protection Agency’s cur-
rent guidelines, quality objectives are not to be set 
for these lakes, and consideration for their ecological 
status cannot in itself justify measures in the catch-
ment to reduce the pollution. These are therefore not 
included in the WFD process.

4.2.1.4 Risk assessment

Fyn County’s Regional Plan currently operates with 
two quality objectives for the lakes in Odense Pilot 
River Basin: A1 – reference area for scientifi c stud-
ies, and B – fi sh waters for angling and fi shery. Both 
objectives entail that the lakes have to have a natural 
and divers fl ora and fauna that may only be slightly 
affected by pollution. The system of quality objectives 
also encompasses an eased objective – C, but this 
is not employed in Fyn County. In lakes with quality 
objective A1, the fl ora and fauna must be accorded 
special protection. Lakes for which a specifi c qual-
ity objective has not been set are encompassed by 
the general requirement to meet quality objective B. 
Six lakes in OPRB have the specifi c quality objec-
tive A1, and six have quality objective B. All the other 
lakes larger than 100 m2 are encompassed by the 
general requirement to meet quality objective B. No 
specifi c requirements have been established for the 

lakes for which a quality objective has been set, but 
they are subject to a number of general requirements 
concerning the input of polluting discharges. For 
example, wastewater discharges should be avoided 
if possible. At present, only one lake meets its objec-
tive.

The current basic objective, B, requires a natural 
and diverse fl ora and fauna. This is fundamentally 
similar to the WFD’s good ecological status, which 
has to be achieved by all lakes by 2015. Pursuant 
to the WFD, the status of the lakes may not dete-
riorate, i.e. lakes that currently have high ecological 
status must also preserve this high ecological status 
in future.

When establishing the future objective attention 
should be given to lakes currently are designated 
as “reference areas for scientifi c studies”, quality 
objective A. These should in principle be assigned 
the environmental objective “high ecological status” 
pursuant to the WFD. However, the reason for the 
given “reference” status in the Regional Plan to the 
majority of these lakes are that they were (and are) 
national and even international important breeding 
and resting habitats for waterfowls. And in order to 
comply with this objective good ecological status 
in the sense of WFD is probably suffi cient. Some of 
the lakes (Lakes Arreskov, Lake Brændegaard, Lake 
Nørresø, Lake Sortesø, Lake Øresø and Lake Fjor-
dmarken) are also encompassed by international 
protection, EC Habitat sites and EC Bird protection 
sites. For these, “favourable conservation status” 
has to be achieved for the species and habitat types 
for which the areas have been designated. In relation 
to the lakes, this typically entails certain species of 
aquatic plants and birds. The environmental objec-
tives established pursuant to the WFD shall also help 
ensure that favourable conservation status can be 
achieved for these species.

Nevertheless, according to classifi cation system 
using mean summer content of phosphorus (see 
Table 4.2.1), only two (Lake Øresø and Gravel pit 
Lake 7.9) out of twelve lakes within the OFRB comply 
with at least good ecological status at present (see 
Table 4.2.3). However, if the objective for Lake Øresø 
is appointed to be high ecological status, or if some 
of the biological criteria mentioned previously in this 
chapter are applied, then this lake does meet this 
objective at present. The status of the remaining 
lakes (including two not shown in Table 4.2.3) may all 
be characterized as moderate to even bad. Further, 
the current Regional Plan and municipal wastewa-
ter treatment plans do not secure that at least good 
ecological status may be achieved for these lakes 
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before 2015. One reason for this is that although 
plans and following initiatives for improving the 
treatment of wastewater from scattered homes are 
expected to be implemented well before 2015, the 
resilience of the lake ecosystems is so slow that sig-
nifi cant improvements is only expected within maybe 
10-20 years, even if speeded up by biomanipula-
tion or other restoration measures. Another reason 
is that present initiatives to reduce the leaching of 
phosphorus (and nitrogen) from farmed areas are so 
far insuffi cient to have any substantial effects both 
now and within the next ten years.

4.2.2 West Finland

4.2.2.1 Classifi cation

The national principles for classifi cation of lakes are 
still in preparation. Some regional testing has been 
done, but none of them in the River Kyrönjoki or West 
Finland. The lakes of River Kyrönjoki and West Fin-
land have been classifi ed according to their usability. 
The usability classifi cation for River Kyrönjoki and its 
lakes is presented in the Bernet Water Management 
Plan of River Kyrönjoki (see its chapter 2.1.6). 

The national work on lake classifi cation is mainly 
done in the Vuoksen area in Southwest of Finland. 
Phytoplankton, periphyton, aquatic macrophytes 
and benthic invertebrates are studied as well as sup-
porting chemical and physico-chemical quality ele-
ments.

 

4.2.2.2 Designation of waterbodies

In the catchment area of River Kyrönjoki there are 
24 lakes with a surface area over 0.5 km2, but only 
lakes that are larger than 40 km2 were included in 
the Article 5 report in March 2005. In West Finland 
river basin district there are 16 lakes that are larger 
than 40 km2 (Table 4.2.4). Most of them are situated 
in water systems in the eastern part of the river basin 
district (see Figure 4.1.3). This means that in the River 
Kyrönjoki pilot area there are no lakes to report. 

4.2.2.3 Heavily modifi ed waterbodies 
and artifi cial waterbodies

According to the guidelines from SYKE (Art. 5 report 
in March 2005) heavily modifi ed lakes are considered 
to be lakes where the regulation causes a change 

Table 4.2.3 
Objective and present 
ecological status for 12 
lakes within the Odense 
Pilot River Basin.

Provisional objective 
Lake Lake type 

Status µg P/l 
(summer mean) 

Current ecological 
status 

(µg P/l – summer 
mean) 

Arreskov 9 Good < 50 251 

Braendegaard 9 Good ?1 1450 

Sortesø  6 High < 25 173 

Store Øresø 9 Good < 50 42 

Nørresø 9 Good < 50 98 

Fjordmarken ? Good < 50 ? 

Søbo 9 Good < 50 91 

Langesø 9 Good < 50 180 

Nr. Søby 9 Good < 50 522 

Dallund 9 Good < 50 79 

Fjellerup 9 Good < 50 209 

Brahetrolleborg Slotssø 9 Good ?1 896 

Gravel pit Lake no. 1 10 Good < 25 32 

Gravel pit  Lake no. 7.9 9 Good < 50 40 
1Phosphorus content is naturally elevated due to the presence of a cormorant colony of approx. 3600 breeding couples 
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Table 4.2.4 
Reported lakes of the 
river basin district of 
West Finland.
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Lappajärvi 145 16 25 moderate moderate no no 

Ähtärinjärvi 42 10 27 moderate moderate  no no 

Lestijärvi 65 3 37 small small no no 

Iso-Kulovesi 64 11 13 small not assessed no no 

Pyhäjärvi (Tampere) 120 11 12 small not assessed no no 

Näsijärvi 252 5 12 small not assessed no no 

Ruovesi 107 5 13 small not assessed no no 

Tarjanne 98 6 19 small not assessed no no 

Kyrösjärvi 94 10 20 small not assessed no no 

Mallasvesi-Roine 109 10 11 small not assessed no no 

Pälkänevesi 45 15 8 small not assessed no no 

Längelmävesi 169 10 8 small not assessed no no 

Kukkia 45 5 6 small not assessed no no 

Pyhäjärvi (Säkylä) 155 17 9 moderate small-moderate no no 

Keurusselkä 117 5 19 moderate moderate no no 

Vanajavesi 143 18 6 moderate moderate no no 

of more than three metres in the winter water level. 
This class includes also the impounded sea bays. 
Artifi cial lakes larger than 40 km2 are categorised as 
artifi cial water bodies.

Due to the relatively large size of the considered 
lakes (see above), there are no reported heavily 
modifi ed, or artifi cial lakes in the catchment area of 
the River Kyrönjoki (see Table 4.2.4)

4.2.2.4 Risk assessment

In order to facilitate the collecting of data to be 
reported to the Commission of the EU in March 2005 
(the Article 5 report), the Finnish Environment Insti-
tute (SYKE) has developed a guide for preliminary 
reporting in 2004. This includes a assessment of the 
current status of the water bodies.

In the preliminary assessment, a lake is catego-
rized as a water body under heavy impact of human 
activity, if this impact on water quality or biological 
quality elements is signifi cant according to expert 

research. In 2004 researchers have studied water 
quality and biological qualities using especially water 
quality data and results of monitoring of biological 
elements. The assessments have been summarized 
into a three-step categorization, in which 1 equals 
‘little’ change, 2 ‘moderate’ change, and 3 ‘substan-
tial’ change. If the hydromorphological changes are 
substantial, the water body in question is preliminarily 
categorized as heavily hydromorphologically modi-
fi ed, and also as a water body under heavy impact 
of human activity (see Figure 4.1.3).  Those lakes that 
are under heavy anthropogenic impact are in risk of 
not attaining good status in the classifi cation.

The human impact on water quality and biology 
of the lakes are considered to be only moderate or 
small. On the basis of this impact on hydromorpho-
logical, biological and water quality elements the 
researchers have made an overall estimate of the 
quality of the lakes. According to this none of the 
lakes are under heavy impact of human activity, i.e. 
none of the lakes are at risk of not complying with 
good ecological quality in 2015 (Table 4.2.4).



4. CLASSIFICATION AND RISK ASSENSMENT

119

4.2.3 Schleswig-Holstein

4.2.3.1 Classifi cation

Macrophytes and Phytobenthos

The development of the assessment system for 
macrophytes and phytobenthos has been fi nished 
and is valid for natural lakes in Germany. Currently 
this system is validated in a practical test. The follow-
ing text contains a detailed description of the assess-
ment system, taken from the instruction protocol for 
the ecological assessment of lakes by macrophytes 
and diatoms, developed and published by the 
“PHYLIB-project” (Schaumburg et al 2004b).

The assessment system comprises the two 
modules “macrophytes” and “benthic diatoms”. In 
contrast to the rivers, for lakes there could not be 
developed a third module for the “other benthic 
algae”. For each module the biocoenotic lake types 
were found by statistical analysis. 

The attribution of the lake sampling sites to the 
biocoenotic typology, which is required for the 
assessment procedure, can be carried out with the 
lake typology according to Mathes et al. 2002. A 
comparison of the typologies is presented in Table 
4.2.5. For macrophytes the two types TKg and TKp 
which are characterised by the occurrence of ther-
mal stratifi cation have been defi ned. For diatoms the 
two types 3 and 4 have been described.

Macrophytes
Macrophytes in lakes are assessed by a calculated 
Reference Index. For calculation of the Reference 
Index exclusively submerged and free fl oating spe-
cies of the sampling site are considered. Amphiphytic 
taxa are taken into account if they are submerged. 

Helophytic species and nymphaeids are not consid-
ered.

The Reference Index is calculated according to the 
following formula as the ratio of the number of refer-
ence taxa in relation to the total number of taxa:
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QAi = Quantity* of the i-th taxon of species group A 

QCi = Quantity* of the i-th taxon of species group C 

Qgi = Quantity* of the i-th taxon of all groups 

nA = Total number of taxa in group A 

nC = Total number of taxa in group C 

ng = Total number of taxa in all groups 

* Prior to performing any calculations, the nominally scaled 

values of plant abundance are converted into metric quantities 

using the following function: relative macrophyte abundance (= 

Quantity)

The quantities for the individual species are summed up for the 

different depth zones.

Based on their type specifi c occurrence and vary-
ing ecological status, three species groups are distin-
guished for the metric “Reference Index” (Fig.4.2.1).

In order to calculate the Reference Index, the 
respective type specifi c characteristics and pre-
requisites have to be considered, such as certain 

M-
Type 

Macrophytes D-Type Diatoms Types according to 
Mathes et al. 

2
Sites in circumneutral up to 
slightly acidic lakes of the Central 
German Upland MTS 

Sites in siliceous lakes of the Cen-
tral German Upland and the North 
German Lowland 

2 Sites in dystrophic lakes in the 
Central German Upland 

9

TKg

Sites in calcareous bodies of wa-
ter with a stable stratification in 
the North German Lowland 

3 Sites in stratified lakes in the North 
German Lowland 

10, 13 

4 Sites in unstratified lakes in the 
North German Lowland 

11
TKp

Sites in polymictic calcareous 
lakes of the North German Low-
land  Lack of data 12, 14 

Table 4.2.5 
Comparison of the 
biocoenotic lake ty-
pology based on the 
results of the project 
“Macrophytes and 
Phytobenthos” and the 
lake typology accord-
ing to MATHES et al. 
(2002) for the German 
lowlands.



taxa group A reference species (species, 
dominating exclusively at refer-
ence sites

taxa group B Ubiquistic reference species 
with a wide ecological toler-
ance range or indicator species 
for moderate degradation

taxa group C degradation species, occurring 
mostly at degradated sites and 
only in low number at refer-
ence sites

Increasing degradation

100%

AA BB CC
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amount of total quantity at a sampling and the possi-
bility of macrophyte depopulation (if this is the case, 
the ecological status class 5 is assigned).

The assessment by additional criteria and how the 
reference index values correspond to the respec-
tive ecological classes are shown as an example in 
Figure 4.2.2.

 

Diatoms 
Diatoms living in the littoral zone of the lake shore 
are sensitive indicators for changes in the trophic 
level. At present the classifi cation system for diatoms 
allows only an assessment of sites but not of the total 
pelagic water body. For the evaluation of the impact 
of point sources it is well suited. The assessment of 
the diatom biocoenosis is based on two modules: 
“Trophic Index” and “Quotient of Reference Spe-
cies”.

The Trophic Index according to Hofmann (1999) 
is calculated based on trophic parameters and the 
percentages of the species recorded in the littoral of 
the site to be assessed, see below:
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TI = Trophic Index 

Hi = Percentage of the i-th species

Gi = Weighting of the i-th species

Ti = Trophic value of the i-th species

Prerequisite is a suffi cient number of indicative 
species. If there are less than ten indicative species, 
the index must be considered not reliable.

The Trophic Index is related to nutrient degrada-
tion (total phosphorus) and its effect on the aquatic 
fl ora. The differentiation of oligotrophic and moder-
ately eutrophic conditions corresponding to a high, 
good or moderate ecological status is refl ected very 
well by the trophic index. But there is a defi cit for the 
differentiation between bad and worse conditions 
corresponding to high eutrophic and polytrophic 
conditions. 

In the Diatom-module „Quotient of Reference 
Species“(RAQ) four species groups are distin-
guished (diatom types according to Table 4.2.5) 
based on their type specifi c occurrence and varying 
ecological status:

taxa group A - 
Reference species sensu strictu of type 2
taxa group B - 
Reference species sensu strictu of types 3 and 4
taxa group C - 
Ubiquitous reference species of type 4, degrada-

tion indicators of types 2 and 3
taxa group D - 
Degradation indicators of types 2–4

The Assessment by RAQ is carried out with a type 
specifi c combination of the ecological groups based 
only on the species number, but not on the abun-
dances of the individual species. In analogy to the 
module “trophic-index” its not possible to distinguish 
between bad and worse ecological status. 

For overall assessment the modules “Trophic 
Index (TI)” and “Reference Taxa Ratio (RAQ)” are 

Figure 4.2.1 
Defi nition of taxa spe-
cies groups used for 
the calculation of the 
Reference Index.



„Reference Index“ (RI) - deviation from the reference community

10 13
• stratified
• high carbonate

11 12 14
• unstratified
• high carbonate

RI Ecological
Quality Class

Additional downgrading
criteria:

100 to 40
<40 to 0
0 to -10

<-10 to -100
n.d.

• EQC 1: Taxa class C > 5 % 
--> EQC 2

• EQC 3: P. pectinatus or C. 
demersum ≥ 80%
--> EQC 4

• EQC 5: no macrophytes at all

RI Ecological
Quality Class

Additional downgrading
criteria:

100 to 60
<60 to 0

0
n.d.
n.d.

• EQC 2: P. pectinatus, or C.
demersum/submersum or E.
canadensis/nutallii ≥ 80%

--> EQC 3
• Taxa class A=0: P. pectinatus

and C. demersum/submersum
and E. canadensis/nutallii
<80% --> EQC 3
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combined in order to obtain a Determination of the 
Diatom Index for lakes (DISeen). For this combina-
tion the values determined for the two components 
are transformed on a scale from 0 to 1, and then the 
mean of the results is calculated to obtain DISeen.

Overall assessment by combination of the met-
rics developed for Macrophytes and Diatoms
According to the WFD the ‘group’ macrophytes + 
phytobenthos is one of the four biological compo-
nents to assess the status of a water system. There-
fore, the assessment procedures developed for 
the two subcomponents need to be considered as 
modules or metrics for assessment pursuant to the 
Water Framework Directive. The index for the overall 
assessment of the group is calculated by arithme-
tic mean of the index of the two components (see 
Figure 4.2.3). If one of the modules is considered 
not reliable, it is possible to do the assessment by 
the remaining component. However, the fi nal result 
must then be critically verifi ed. Index limits for the 
classifi cation of the ecological status for the available 
modules and biocoenotic lake types are described 

Figure 4.2.2 
Example for the Ref-
erence Index values 
of the macrophyte 
types TKg (upper fi g.) 
and TKp (lower fi g.) 
arranged into 5 eco-
logical quality classes. 
(n.d. = RI could not be 
developed).

in the operating protocol in detail (Schaumburg et 
al. 2004b). 

The assessment system is being validated for all 
lake types with some additional new datasets from 
all counties.

Phytoplankton

The development of a classifi cation system for phyto-
plankton in lakes is currently in progress. As a basis 
for a reliable assessment a literature review is pub-
lished about different indicator values of phytoplank-
ton species (Knopf et al. 2002). This should permit 
a comparable overview of species that may be good 
indicators for the trophic status of lakes. 

The preliminary assessment system consid-
ers mainly the impact of nutrient input leading to 
enhanced eutrophication. It is planned to develop a 
multimetric index system. A fi rst draft for the evalu-
ation of degradation by means of the phytoplankton 
volume already exists. But the outlined boundary 
values have to be verifi ed by means of a new dataset. 
This work will be done in 2005 in a practical test in all 



Index for
evaluation =
of EQC

Index Macrophytes (RI) + Index Diatoms (TI+RAQ)

2 (no worst case)

• only Diatoms
available:

• only Macrophytes
available:

  1.00 ... 0.69
<0.69 ... 0.38
<0.38 ... 0.26
<0.26 ... 0.00

10 13
• stratified
• high carbonate

Macrophytes and
Diatoms

• unstratified
• high carbonate

Macrophytes and
Diatoms

11

  1.00 ... 0.61
<0.61 ... 0.19
<0.19 ...0.09
<0.09 ... 0.00

Ecological
Quality Class

(EQC)
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German counties. 
At the moment the work is concentrated on the 

development of the following metrics:
 

• functional or taxonomic algae groups refl ecting 
trophic degradation 

• indicator species according to Brettum (1989)
• module using the species composition of diatoms 

in the profundal zone

As a fi rst important result a harmonised list of taxa 
species was prepared. All taxa (with their common 
taxonomic name) that have been recorded in German 
lakes using monitoring programs are included in the 
list. Additionally, experts have evaluated the required 
minimum taxonomic level for relevant taxa and the 
degree of diffi culty for taxonomical identifi cation for 
each taxon. The aim of this harmonised list is by sta-
tistical analysis to extract taxa with high indication 
value in dependence from lake type and degradation 
status. Currently it is discussed if the occurrence of 
deep chlorophyll maxima (DCM) in stratifi ed lakes 
could be used as metric for the assessment system. 
Another unsolved problem is the assessment of 
lakes which are macrophyte-dominated.

Benthic invertebrates

A Germany-wide project for the establishment of 
an assessment system using macrozoobenthos by 
scientists from the University of Hohenheim is yet 

unfi nished. This assessment system will be based 
on a multimetric system using separate indices (for 
example diversity index, rates of individuals in dif-
ferent foraging groups, and others) which are then 
combined. It is still uncertain if benthic invertebrates 
are a suitable indicator for lakes at all. Since 2002 
Schleswig-Holstein has been supplying its current 
data on a yearly basis for the development and verifi -
cation of an assessment system in practice.

Fish

There is still insuffi cient knowledge on the suitability 
of fi sh for indicating anthropogenic infl uences on a 
lake. For fi sh, eutrophication has the main impact, 
but also structural changes to a lake shore, distur-
bances by lake users and hydrological changes (e.g. 
lowering the water level). The fi sh biocoenosis reacts 
to those anthropogenic affects on the ecosystem 
by changing biomass, number of species, species 
composition as well as abundance. For the develop-
ment of an assessment system for lakes by means of 
the fi sh community there was established a national 
research project by the LAWA working group. This 
study was conducted on a set of 67 lakes in northern 
Germany. The results are published in Mehner et al. 
(2005). Signifi cant effects of eutrophication on the 
fi sh fauna were found as the most important pres-
sure and could be statistically verifi ed, but of course 
there are some easier methods for the evaluation of 
the trophic state of a lake. Fish communities were 

Figure 4.2.3 
Schematic view about 
the combined as-
sessment system for 
macrophytes and dia-
toms. The fi rst column 
shows the index values 
for the EQC for the 
stratifi ed lake type TKg 
(10, 13), the second 
for the unstratifi ed type 
Tkp (11).
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strongly correlated with morphological parameters 
(mean depth, lake volume) and parameters refl ect-
ing the trophic level (chlorophyll a concentration). 
Anthropogenic degradation of lake shore structure 
and intensity of human lake use had only small infl u-
ence on the fi sh species community. Additionally, 
the generally low species diversity and the common 
occurrence of ubiquitous fi sh species in nearly all 
lakes refl ect the restricted use of fi sh communities 
for indication of the ecological status. Consequently, 
it is unlikely that fi sh are suitable indicators for an 
ecological quality assessment in lakes.

Classifi cation of hydromorphological 
quality elements

Hydromorphological elements are important in 
assessing if a lake has a high ecological status and 
if habitat-specifi c structures of the aquatic FFH-habi-
tat-types are present. The precondition is the defi ni-
tion of a type-specifi c framework of values. The WFD 
names the following hydromorphological elements in 
Annex V:

• hydrological regime (water dynamics)
• lake depth variation, structure of the lake shore, 

structure of the substrate of the littoral zone

However, in Germany there is no assessment 
system for hydromorphological elements available. 
But it is necessary because the water level of many 
lakes is regulated by human activity. This could infl u-
ence for example the availability of suitable substrate 
for spawning fi sh. 

The structure of the lake shore has an important 
infl uence on the development of the aquatic fl ora, 
benthic invertebrates and fi sh. The riparian vegeta-
tion on the lake shore also functions as a buffer area 
for the retention of diffuse nutrient input from the 
catchment. However, a type-specifi c assessment is 
expected to be diffi cult as the “potential” of the lake 
shores should vary strongly between lakes and a 
missing structure does not necessarily point towards 
degradation. 

Recording substrates and their man-made 
changes as a result of eutrophication may become 
very elaborate. Additionally it may be diffi cult to 
interpret the obtained data and to use them for 
assessment because of rare knowledge about the 
processes involved with the formation of substrates 
and their ecological impacts. Currently, lake shores 
are only roughly described or assessed. 

Classifi cation of physical-chemical 
and chemical elements

The assessment of the ecological quality of lakes 
is carried out using the following physical-chemi-
cal quality elements that may vary according to lake 
type and degradation:

• Transparency (m)
• Temperature (°C), oxygen (mg/l, %) pH, conduc-

tivity (mS/m) in the depth variation,
• Total phosphorus (mg/l), orthophosphate (mg/l), 

total nitrogen (mg/l), nitrate (mg/l), nitrite (mg/l), 
ammonium (mg/l)

• Sodium, potassium, calcium, magnesium, iron, 
sulphate, aluminium, silica

• Other general chemical components.

In addition to the type-specifi c characteristics (ver-
tical temperature profi le, calcium concentration) the 
parameters describing the effect of nutrient impact 
on the lake fauna and fl ora are primarily considered. 
For example, the vertical oxygen profi le as an indi-
cator for eutrophication allows an assessment of 
the balance of algal growth and respiration proc-
esses. And nitrogen and phosphorus are the most 
important nutrients for plants. For the assessment 
of nitrogen in lakes there is no classifi cation system 
available; nevertheless the information is important 
for the evaluation of the nutrient status of a lake. The 
phosphate concentration is included in the trophic 
assessment. 

The trophic level is assessed by means of the 
chlorophyll a concentration (summer means), trans-
parency and phosphorus concentrations (means in 
summer and spring) and describes the intensity of 
algae growth. The current trophic status (present 
situation) is calculated according to the LAWA-Direc-
tive (1998). It relates to the trophic condition of the 
pelagic zone characterised by phytoplankton growth. 
The assessment classes one and two are currently 
referred to high and good ecological quality of the 
pelagic. From an assessment class three onwards 
the pressures on the lake must be assessed as sig-
nifi cant.

The conductivity not only displays the sum of all 
soluble salts but also indicates degradation for the 
coastal lakes at the Baltic Sea (see 4.2.3.3). How-
ever, the respective boundary values are still not 
defi ned. 

The ecological quality of some smaller lakes in 
Schleswig-Holstein is affected by acidifi cation and is 
assessed using pH.
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Further important quality elements for the eco-
logical assessment are specifi c synthetic pollutants. 
These are only measured if they are discharged 
into a lake in signifi cant amounts (above the qual-
ity norm values). Specifi c synthetic pollutants are 
assessed using the quality norms stated in Annex 
4 of the “Landesverordnung zur Umsetzung der 
Anhänge II und V der Wasserrahmenrichtlinie (LVO)”. 
The assessment is related to the arithmetic annual 
mean for substances at the respective measuring 
site. Values below the analysis threshold are calcu-
lated as having half of the threshold. If the analysis 
threshold is above the quality norm and the annual 
means below the analysis threshold the quality norm 
is complied with. 

Classifi cation systems for the assess-
ment of chemical elements (chemical 
status)

The chemical status of lakes is assessed according 
to the quality norms stated in Annex 5 of the Landes-
verordnung zur Umsetzung der Anhänge II und V der 
Wasserrahmenrichtlinie (LVO). Assessment meth-
ods as stated in 4.2.3.4 are used for chemical ele-
ments as well. The chemical situation as described 
in Annex 5 of the LVO is defi ned by the presence 
of priority list of pollutants. This list contains priority 
pollutants as well as priority hazardous substances 
which affect human health. Priority pollutants must 
be measured whenever there are indications that 
they are discharged into the catchment or leach into 
the water body from diffuse sources. 

4.2.3.2 Designation of water bodies

Forty-six water bodies are designated correspond-
ing to a similar number of lakes in the PRB Schlei-
Trave.

4.2.3.3 Heavily modifi ed water bodies 
and artifi cial water bodies

Heavily modifi ed water bodies are those substantially 
physically changed by human activities. Substan-
tial physical activities include large and long-lasting 
changes in hydromorphology which are the result of 
specifi c human activity listed in Article 4 (3). In Sch-

leswig-Holstein natural lakes are often modifi ed by 
damming or regulation of water, leading to changes 
in the water level, residence time and water outfl ow. 
Some other changes include constructions along the 
lake shore and extraction of sediments to improve 
water quality. For almost all lakes in the PRB Schlei-
Trave these man-made changes were preliminarily 
classifi ed as signifi cant but not substantial, because 
the impact on the good ecological status of these 
lakes is assumed to be low. One exception is some 
brackish lakes at the Baltic Sea coast. In former 
times they had free water exchange to the Baltic Sea, 
but now almost all of them are dammed by locks, 
sluices and watergates. In the PRB Schlei-Trave this 
relates to 5 lakes among 46 (Lake Hemmelmarker 
See, Lake Schwansener See, Lake Windebyer Noor, 
Lake Großer Binnensee, Lake Hemmelsdorfer See, 
Lake Neustädter Binnenwasser). At present it is dis-
cussed if these lakes should be classifi ed as heav-
ily modifi ed, because they were changed by human 
impact with clear consequences for the former 
brackish fl ora and fauna that are now substituted by 
freshwater species. 

Lakes made for a specifi c purpose at a site where 
no water bodies existed previously may be classi-
fi ed as artifi cial water bodies. In the PRB Schlei-Trave 
there are designated no artifi cial lakes >0.5 km². 

For the assessment of the ecological status of 
artifi cial and heavily modifi ed water bodies the WFD 
allows less stringent aims. For these water bodies 
the aim is the maximum ecological potential which 
describes the best possible status of the water body 
obtainable considering the conditions which led to 
the classifi cation as artifi cial or heavily modifi ed. With 
regard to these aims they are compared to similar 
surface waters types. In Schleswig-Holstein heavily 
modifi ed lakes are not outlined yet and the respec-
tive natural lake or surface water type has not yet 
been allocated.

4.2.3.4 Risk assessment

Procedure and criteria used for the 
risk assessment

The analysis of pressures and impacts (risk assess-
ment) according to the WFD was conducted to 
evaluate the ecological status of lakes in Schleswig-
Holstein. For this analysis the status of the lake fl ora, 
physical-chemical conditions and known pressure 
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sources in the lake catchments were used as crite-
ria. The procedure of the risk assessment for lakes 
in Schleswig-Holstein is shown in Figure 4.2.4 and 
described below. 

Assessment by biological data
The most important factors for the assessment of 
impacts according to Annex V of the WFD are the 
biological quality elements phytoplankton, aquatic 
fl ora, benthic invertebrates and fi sh fauna. For these 
biocoenoses, assessment systems were not avail-
able at the time of the risk assessment. Therefore the 
risk assessment of lake water quality was primarily 
based on the method published by LAWA (1998). 
This relatively simple classifi cation system considers 
exclusively the chlorophyll a - concentration as bio-
logical variable for the evaluation of the trophic state. 
For the assessment, lakes with a current trophic 

level that deviates more than one degree from the 
supposed reference level where classifi ed as water 
bodies with the risk to fail the good ecological qual-
ity.

In a second step, the result of the trophic level 
according to LAWA (1998) was compared with data 
already obtained on phytoplankton and aquatic fl ora, 
which are the best bioindicators for the ecological 
status of lakes. However, for many lakes there were 
no suffi cient data for these and other biological qual-
ity elements available. 

The development of the German assessment 
system for phytoplankton has not yet been fi nished. 
So it was necessary to create a useful preliminary 
assessment tool to evaluate the present ecologi-
cal status of the lakes in Schleswig-Holstein. This 
approach according to Bahnwart (2004a) integrates 
the following criteria: the maximum of the annual 
phytoplankton volume, the maximum proportion of 

Figure 4.2.4 
Risk assessment of 
lakes to fail the good 
ecological status in 
Schleswig-Holstein .
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Figure 4.2.5 
Lake Schluensee near 
Plön in the Schlei-Trave 
river basin – likely to 
achieve the aims of the 
WFD. 

cyanobacteria on the total phytoplankton volume, 
and the proportion of algae groups dominating under 
reference conditions. The boundaries between the 
fi ve ecological quality classes were defi ned by expert 
opinion.

A similar regional approach was processed for 
the assessment of the aquatic fl ora (Hamann 2004). 
Macrophyte species composition depends strongly 
on the morphological structure and wave exposure 
of the lake shore as well as on the trophic status of 
the lake. For the evaluation of the trophic status of 
the lake assessment the maximal colonisation depth 
of the macrophyte communities was used. With 
increasing nutrient concentrations the maximal colo-
nisation depth decreases due to reduced underwa-
ter light availability.

For the preliminary assessment of the ecological 
status by macrophytes the trophic status indicated 
by the macrophytes were compared to the trophic 
status of the pelagic zone using chlorophyll a con-
centration according to LAWA (1998).

For the risk analysis, both phytoplankton and sub-
merged macrophytes were evaluated by means of 
the two regional classifi cation approaches for Sch-
leswig-Holstein mentioned above. If one of the fl ora 
elements of a lake were assumed to fail good quality, 
the lake was classifi ed as “water body at risk” due to 
the worst-case principle. 

Assessment by physical-chemical conditions
Besides the biological data some more criteria indi-
cating a degradation of physical and chemical char-
acteristics were considered for the assessment of 
the present ecological state. 

Mainly the brackish lakes at the Baltic Sea coast 

are affected by changes in the salinity regime due to 
damming up by weirs, dykes and locks which lead to 
a degradation of their pristine marine character.

 Excessive agricultural use of soil in the past centu-
ries caused changes in the chemical environment in 
originally calcium-poor lakes. The resulting increase 
in the calcium concentration can be used as an 
important criterion for the assessment of degraded 
formerly calcium-poor lakes.

Point sources may also emit other substances 
with an infl uence on chemical quality elements, 
which have been measured using the Großer Plöner 
See as a model to assess the chemical and ecologi-
cal situation. All data obtained from this measuring 
programme was within limits required for the good 
ecological quality. However, the data on specifi c pol-
lutants and priority substances such as pesticides 
currently available for lakes was not suffi cient in 
order to carry out reliable assessment. 

Assessment by known pressure sources
Currently, the most important pressure in northern 
lowland lakes is the nutrient load of nitrogen and 
phosphorus. Point sources are mainly wastewater 
treatment plants while agriculture in the lake catch-
ment is the main diffuse source. Both result in an 
accelerated eutrophication of lakes. Therefore, the 
risk analysis was completed by assessing data on 
direct pressures to the catchment according to crite-
ria defi ned by LAWA (2003).  

Thus, if a signifi cant pressure is detected in the 
catchment, then the lake is assessed as being at 
risk. Signifi cant pressures may be a direct emission 
of wastewater or if more than 50% of the catchment 
is used for agriculture or as urban area. While land 
use is not included in assessments for rivers, it was 
included for lakes as these show high sensitivity to 
phosphorus resulting from erosion and washout in 
agriculture. The phosphate concentration was not 
assessed separately as it is already contained within 
the evaluation of the trophic state.

The use of the lake shore has also an important 
infl uence on the ecological status of the littoral bio-
coenosis. Therefore it was considered if the lake 
shore exhibits near-natural conditions or not. If the 
destruction of the riparian zone by damming or con-
structed buildings exceeds 70% of the shore line, the 
lake was classifi ed as being at risk.

Anthropogenic infl uence on the water manage-
ment leading to changes in the water level or water 
retention time was evaluated as an additional pres-
sure.
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Results of the risk assessment

Results of the assessment by biological data
The application of the regional assessment approach 
for phytoplankton on a subset of 23 lakes in Sch-
leswig-Holstein showed that only 4 lakes have a good 
ecological status. Most lakes fail the good ecological 
status mainly because due to development of mas-
sive cyanobacterial blooms (Bahnwart 2004a). The 
macrophyte assessment approach was conducted 
on a set of 39 lakes in Schleswig-Holstein. The 
comparison of the two applied assessment criteria 
showed that both results frequently differed. Twelve 
lakes were rated to have good ecological quality 
according to the LAWA method; however, only three 
of them had near-naturally developed macrophyte 
vegetation. One reason why macrophytes indicate a 
different (worse) ecological status can be attributed 
to the low species diversity as an effect of high nutri-
ent input during the past (Hamann 2004).

Results of the integrated risk assessment
The result of the integrated risk assessment revealed 
that only 4 of 61 lakes of Schleswig-Holstein (> 50 
ha) likely attain good ecological quality. These are 
Lake Suhrer See, Lake Schöhsee, Lake Selenter See 
and Lake Schluensee (see Figure 4.2.5), all situated 
in the pilot river basin Schlei-Trave.

The majority of lakes in Schleswig-Holstein and of 
course in the PRB Schlei-Trave, too, will fail “good” 
ecological quality (see Table 4.2.6, Figure 4.2.6). This 
is mostly attributed to changes in phytoplankton and 
macrophyte communities caused by high nutrient 
input. The high nutrient input was correlated to an 
intensive use of the catchment for agriculture. More 
than 70% of all lakes showing defi cits concerning 
eutrophication exhibit more than 50 % agricultural 

crop land in their catchment (Bahnwart 2004b). 
Direct discharges from larger wastewater treatment 
plants occur at seven lakes. Chemical elements 
could not be included in the assessment as there 
are no data on specifi c elements. 

Defi cits concerning physical-chemical conditions 
were recorded in special lake types. Brackish lakes 
suffer from a decreased salinity as a result of dam-
ming up due to fl ood protection measures. Formerly 
calcium-poor lakes are affected by increasing cal-
cium concentrations owing to intensive use of soil 
(Table 4.2.6, Figure 4.2.6).

Summarizing, it have to be mentioned that the 
assessment of lakes is still provisional at this time. 
Many lakes have been assessed as “at risk”, but this 
does not necessarily mean that these lakes are in 
an unsatisfactory condition, but rather that their con-
dition is currently uncertain and have to be verifi ed 
by future monitoring programmes. As an example, 
8 of the 42 lakes in the PRB Schlei-Trave could not 
be assessed because of insuffi cient data for refer-
ence conditions. The fi nal risk assessment for lakes 
derived from an improved data basis is expected at 
the end of 2007.

Achieving the good ecological 
status Sub-basin

Number of wa-
ter bodies 

Likely Unclear Unlikely 

Deficit of quality status 
of biological elements 
due to excessive use 
of soil 

Deficits due to 
salinity or calcium 
concentration 

Schlei 4  1 3 3 1 

Schwentine 22 4 2 16 18  

Kossau 10  2 8 8 2 

Trave 10  3 7 10  

River basin total 46 4 8 34 39 3 

Table 4.2.6 
Result of the integrated 
risk assessment for 
lakes in the PRB Sch-
lei-Trave (taken from 
B-Report, 2004).

Figure 4.2.6 
Result of the risk analy-
sis for 61 natural lakes 
> 50 ha in Schleswig-
Holstein with respect 
to relevant pressure 
causes for degradation 
(according to Bahnwart 
2004b).
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Code MS Name Surface area (ha) Max. depth (m) Status 

30346 Marag (Morag) 393 20.1 Not at risk 

30358 Mildzie (Malakowo) 112 19.4 Not at risk 

30359 Wuksniki 117 68 Not at risk 

30340 Mulpinskie 707 54.6 Not at risk 

30332 Sarag 183 16.5 At risk 

30348 Gamerki 52 2 Potentially at risk 

30341 Gilwa (Rentynskie) 101 9.4 Potentially at risk 

30338 Isag 396 54.5 Potentially at risk 

30335 Leguty 61 22.7 Potentially at risk 

30344 Loby (Wynkowskie) 67 5 Potentially at risk 

30352 Narie 1240 10 Potentially at risk 

30339 Swietajno Naterskie 74 9.7 Potentially at risk 

30362 Tonka 162 4.2 Potentially at risk 

30362 Tauty (Tawty) 84 2 Potentially at risk 

Table 4.2.7 
Preliminary risk assess-
ment carried out for 14 
lakes larger than 50 ha 
located within the pilot 
area. 

4.2.4 Gdansk

4.2.4.1 Classifi cation

See chapter 4.1.4.1.

4.2.4.2 Designation of water bodies
 

In all 14 relatively large lakes (> 50 ha) are designated 
as water bodies within the pilot area.

4.2.4.3 Heavily modifi ed water bodies 
and artifi cial water bodies

There are no water bodies identifi ed as heavily modi-
fi ed within the pilot area. However, one water body is 
identifi ed as artifi cial.

4.2.4.4 Risk assessment

The basic source of information for carrying out a 
risk assessment on Polish lakes is the computer 
database containing the data from the regional mon-
itoring. And the tool for the assessment of the lake 
quality is the System for the Lake Quality Assess-
ment (SLQA) developed in the 80-ies by the Insti-
tute of Environmental Protection. On the basis of the 
impacts and pressures analysis according to the 
Water Framework Directive there was made a selec-
tion of lakes divided into three sub-groups. 

Lakes meeting the environmental objectives 
by 2015
These are the lakes that are presently classifi ed as 
being in a very good or good status (I or II class 
according to SLQA) and which are not endangered 
by any human pressure in the future. Also the class 
III lakes were selected as meeting the environmen-
tal objectives if their actual quality is due to natural 
conditions and processes and not to human impact. 
Only lakes that were monitored during recent six 
years were included into this category. Only four 
lakes are not at risk (see Table 4.2.7).

Lakes in risk of failing environmental objec-
tives by 2015
These are the lakes of poor quality resulting from sig-
nifi cant human impact including landuse pressures. 
The main pressures are point source pollution. The 
water bodies in this category were also selected only 
on the basis of recent six years monitoring observa-
tions (1998 – 2003) – see Table 4.2.7. 

Lakes potentially being in risk
These are lakes that should undergo further investi-
gations in order to precise the assessment. The data 
available for those water bodies were insuffi cient 
for the fi nal risk assessment. This category of water 
bodies also includes lakes that were not investigated 
within the regional monitoring network and which 
have no information records in the computer data-
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base regarding water quality and impacting factors. 
The identifi cation of those water bodies was 

made on the basis of lake atlases and the digital 
map of the Polish hydrography.

4.2.5 Kaliningrad

4.2.5.1 Classifi cation

There are 150 lakes and ponds with the total area 
of 61.0 km2 in the territory of Kaliningrad region. 
Many lakes are of artifi cial origin due to excavation 
of sand, gravel and clay excavation. The hydrological 
conditions of many lakes have been changed by the 
anthropogenic impact.

It is necessary to point out that the information 
about the status of the lakes in the Kaliningrad region 
- chemically as well as biologically - is extremely 
poor. A continuous monitoring of the chemical and 
microbiological conditions is being carried out only 
in the lakes used for either abstraction of drinking 
water or for bathing and recreational purposes (see 
below). Further, it is at present not possible to defi ne 
the ecological status of the lakes because of the 
absence of a regular monitoring.

The lakes are categorized according to the objec-
tive for their use:

• Lakes used for drinking water supply
• Lakes used for bathing and other recreational 

activities
• Lakes located in specially protected and reserved 

areas
• Lakes (ponds) used for fi sh farming.

Lakes used for drinking water supply
Many lakes within territory of the region are used for 
abstraction of drinking water. This type of water use 
is formulated in the articles 7, 16 and 4 of the EU 
Water Framework Directive. These regulations are 
quite in line with the Water Code of the Russian Fed-
eration. The classifi cation of this kind of lakes (or res-
ervoirs) is, however, based on national water quality 
norms. It is quite natural that all necessary measures 
have been taken in order to prevent the deterioration 
of this kind of lakes. The measures include establish-
ing protective zones around the lakes, and protec-
tion against point and diffused sources of pollution 
which can contaminate the lakes.

Lakes used for bathing and other recreational 
activities 
The classifi cation of the qualitative status of this type 
of the lakes is based on the change in the microbio-
logical composition (Table 4.2.8). This classifi cation 
can be applied for the watercourses as well and it is 
not an obligatory but recommended one. Classifi ca-
tion using chemical parameters is presented in sub-
chapter 4.1.5.

Lakes located in the specially protected and 
reserved areas
These lakes are by defi nition practically unimpacted 
by human activities. There are a number of lakes on 
the territory of Russia which may be characterized as 
very clean. The status of these lakes is considered 
to be ‘reference lakes’. These lakes are being moni-
tored in order to extrapolate their ecological status to 

Microbiological characteristics 

W
at

er
 

q
ua

lit
y 

cl
as

s Degree of water pollution Total number of 
bacteria (cells/ml) 

Number of 
saprophytic 

bacteria (cells/ml) 

Relation of the total 
number of bacteria 
to the number of 

saprophyte bacteria 

I Very clean Less than 0.5 Less than 0.5 over 104

II Clean 0.5 – 1.0 0.5 – 5.0 over 103

III Fairly polluted 1.1 – 3.0 5.1 – 10.0 103 - 102

IV Polluted 3.1 – 5.0 10.1 – 50.0 Less than 102

V Dirty 5.1 – 10.0 50.1 - 100.0 Less than 102

VI Very dirty Over 10,0 Over 100,0 Less than 102

Table 4.2.8 
Classifi cation of water 
quality by microbiologi-
cal characteristics in 
‘bathing’ lakes in the 
Kaliningrad region.
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Table 4.2.9 
Proposed index values 
separating the fi ve WFD 
quality classes for each 
of  four different quality 
elements: H-G = high 
- good, G –M = good 
– moderate, M – P = 
moderate – poor, and 
P – B = poor – bad. 
Please note that dif-
ferent values are pro-
posed for each of the 
three ecoregions oc-
curring in Sweden (only 
ecoregion 14 is relevant 
in the River Stenså 
Pilot Area). The table 
is primarily based on 
(Johnson & Goedkoop, 
2005). NB that there 
is no classifi cation for 
ecoregion 20, because 
there are no affected 
water bodies in this 
region. 

ecoregion 14 ecoregion 22 

H–G G–M M–P P–B H–G G–M M–P P–B 

Number of taxa 0.7361 0.59375 0.4514 0.30905 0.7857 0.625 0.4643 0.3036 

ASPT Index 0.9402 0.8334 0.7265 0.61965 0.9138 0.7716 0.62930 0.4871 

DSFI 1.0000 0.875 0.75 0.625 1.0000 0.8125 0.625 0.4375 

Acidity Index 0.6500 0.4875 0.325 0.1625 0.7500 0.5625 0.375 0.1875 

the lakes of the similar geomorphologic type which 
have been changed as a result of anthropological 
activities. On the territory of Kaliningrad region this 
type of the background lakes is presented only by 
the trans-boundary lake Vyshtinets. 

Lakes (ponds) used for breeding fi sh 
The classifi cation of these kinds of lakes may be 
based on phytoplankton (see sub-chapter 4.1.5), pH, 
salinity, hardness, relevant pollutants, and saprobic 
index (microorganisms). Also an index using zoob-
enthos and based on the Trent Index (Woodiwiss, 
1964) has been suggested. 

4.2.5.2-5 Designation of water bodies, 
risk assessment

These parts of the WFD process were not carried in 
the Kaliningrad region as Russia has no obligation to 
implement the directive.

4.2.6 Laholm

4.2.6.1 Classifi cation

Nationally, it has been decided that environmental 
quality criteria derived by the Swedish Environmental 
Protection Agency are to be used to investigate eco-
logical status of lakes, as well as watercourses and 
coastal waters. Work is ongoing to adapt these crite-
ria to the requirements of the Framework Directive to 
classify water status as “high”, “good”, “moderate”, 
“unsatisfactory” and “bad”. In addition, new environ-
mental quality criteria are being derived for hydro-
morphological effect factors, etc., for which there are 
no offi cial criteria at present. Until this work has been 
completed, the current Swedish environmental qual-
ity criteria (SEPA, 1999 and 2000) are to be used. 
Alternately, an expert judgement may be made. At 

the time of writing there are as yet no clear instruc-
tions from The Swedish Environmental Protection 
Agency regarding how an overall assessment of the 
ecological status of lakes (and other surface waters) 
is to be performed.

Classifi cation using macroinvertebrates
Classifi cation limits for several macroinvertebrate 
indices have been suggested (Johnson & Goedkoop, 
2005). In Table 4.2.9 we only present the results for 
a few of these: number of taxa, ASPT Index, DSFI, 
and Acidity Index. Please consult chapter 4.1.6.1 for 
further explanation.

According to Johnson & Goedkoop (2005), the 
macroinvertebrates in the littoral zone of lakes is 
more suitable for refl ecting the impact of acidifi cation 
than that of eutrophication. DSFI is prepared for run-
ning waters and it is not suitable for monitoring the 
littoral fauna in lakes.

In terms of the diversity of species, no signifi cant 
difference was found between eutrophicated lakes 
and the reference lakes.

Preliminary assessment of the lakes in the 
Stensån water system
In order to classify the status of the lakes in the Sten-
sån pilot basin, three different approaches (test 1-3) 
were used and compared to obtain a fi nal assess-
ment (see also chapter 4.1.6.1 where the same pro-
cedure was carried out for the watercourses of the 
pilot basin). 

Fish has been monitored in all lakes in the Stensån 
river basin, whereas macroinvertebrates and water 
chemistry were also studied in Lake Svarta and 
Lake Vemmentorp. There has been no investigation 
of macrophytes or phytoplankton. Both the old and 
the new preliminary Swedish environmental quality 
criteria were used to evaluate the biological quality 
criteria for macroinvertebrates and fi sh (see chapter 
4.1.6.1, Table 4.2.8), see also Holmgren et al. (2004). 
Although the water chemistry in the lakes in the 
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Step 1

Lake Macroinvertebrates  
Fish Final biological as-

sessment

Sjöaltesjön    1

Vemmentorpasjön HIGH  2

Vita sjö    

Svarta sjö HIGH  3

Step 2

Lake
Final biological assess-
ment, step 1 

Chemical water quality Results, step 2 

Sjöaltesjön   * Impact of lime 

Vemmentorpasjön   * Tot-P EQC99=2 

Vita sjö    Impact of lime 

Svarta jö    Alk EQC99=2 Cr, Co, V EQC99=3 

Step 3: Final results 

Lake Results, step 2 
Worst indicator value among N1,N2, 

N3, N7 Ecological status 

Sjöaltesjön    4 GOOD

Vemmentorpasjön    4 GOOD

Vita sjö    3

Svarta sjö    5 MODERATE

* These assessments may need to be adjusted downwards in steps 2 and 3, respectively. 

Table 4.2.1. 
Assessment of the eco-
logical status of water 
bodies in River Stensån 
in Test 1 (see text), car-
ried out in 3 steps. The 
revised environmental 
quality criteria were 
used for assessment 
of fi sh and macroinver-
tebrates. The current 
environmental quality 
criteria were used 
for assessment of 
the water chemistry. 
Hydromorphological 
impact was assessed 
using indicators N1, 
N2, N3 and N7 in the 
criteria for “natural-
ness” of System Aqua. 
The colours are used 
in accordance with 
the WFD: Blue – high; 
green – good; yellow 
- moderate.

Lake N1 (present 
physical impact) 

N2 (flood control
N3 (inappropriate 
land use in nearby 

shore areas) 
N4 (water quality) N5 (alien species) N6 (change in flora 

and fauna) 

Sjöaltesjön 
Probably no long-
lasting 
encroachments in 
the littoral zone 

Natural outlet, 
dam upstream 

indirectly affects 
the water regime 

of the lake 

11% Impact of lime Gyrodactylus salaris,
Canada goose, Mink 

FIXV =1. 
Eutroph.,turbid,
shallow 

Vemmentorpasjön 
Probably no long-
lasting 
encroachments in 
the littoral zone 

Outlet possibly 
regulated? 

13% Tot-P EQC99=2 Mink 

FIXV =2, Btf 
index=High (all) Ecol 
limit=Moderate organic 
impact 

Vita sjö 
Probably no long-
lasting 
encroachments in 
the littoral zone 

Natural outlet 30% Impact of lime Mink   

Svarta sjö 
Probably no long-
lasting 
encroachments in 
the littoral zone 

Natural outlet 3% 
Limed Alk 

EQC99=2, Cr+Co+V 
EQC99=3

Mink FIXV = 3, Btf 
index=High (all) Limed 

Table 4.2.11 
Data for assessment of the ecological status of lakes in the Stensån river basin using the criteria (N1-N7) for “naturalness” in System Aqua. EQC99 indicates the cur-
rent environmental quality criteria from the Swedish Environmental Protection Agency (Swedish Environmental Protection Agency 1999). See appendix 4.5 for further 
explanations.
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Lake N1 N2 N3 N4 N5 N6 

Worst
indicator 

value Assessment N 

Sjöaltesjön 5 4 4   3 4  3 4

Vemmentorpasjön 5 5(4) 4 3 3 4  3 4.00 (3.83) 

Vita sjö 5 5 3   3 4  3 3.33

Svarta sjö 5 5 5 2 (3) 3 3  3 3.83 (4.00) 

Table 4.2.12 
Assessment of the eco-
logical status of lakes 
of the Stensån river 
basin using Test 2. As-
sessment is carried out 
according to the criteria 
for “naturalness” in 
System Aqua. Current 
Swedish environmental 
quality criteria were 
used for macroinver-
tebrates and water 
chemistry. Colours are 
used to describe eco-
logical status (N, mean 
values) in accordance 
with WFD (see Table 
4.1.6.1): green – good; 
yellow - moderate.

Stensån water system was only investigated to a lim-
ited extent, the current environmental quality criteria 
from the Swedish Environmental Protection Agency 
were used to assess alkalinity, total phosphorous 
and metals. Lakes treated with lime or affected by 
lime may per defi nition not achieve high ecological 
status, and consequently may maximally be classi-
fi ed as “good”. Data from the 10-year period from 
1995-2004 was used. 

In addition, the indicators of System Aqua (see 
chapter 4.1.6.1) describing “naturalness” were 
assessed, e.g. including parameters like obstacles 
to migration of fi sh, occurrence of large mussels, 
and introduced alien species. In addition, rough esti-
mates were made of physical impact, using ortho-
photos to determine the infl uence of land use (fi elds, 
clear-felled areas, artifi cial land) in the nearby shore 
area (0-30 m from the shore).

Because there are as yet no Swedish environmen-
tal quality criteria for hydromorphological factors, the 
indicators N1-N3 and N7 in System Aqua that assess 
physical impact were distinguished and used instead 
(see chapter 4.1.6.1). For assessment of the relevant 
indicators in System Aqua, see Annex 4.4).

Tests 1-3 were carried out in the same way and 

after the same principles as for the watercourses (see 
chapter 4.1.6.1). The results are presented in Table 
4.2.10-4.2.14. Class numbers (1-5) are explained in 
Table 4.1.18.

In summary, it seems most appropriate to classify 
the lakes in the River Stensån river basin using the 
System Aqua indicators and to follow the three-step 
model described under test 3, see Table 4.2.14.

4.2.6.2 Designation of water bodies

There are about 275 lakes and ponds within the 
Stensån pilot river basin, most of these small and 
man-made. Using a surface area of 25 ha (0.25 km2) 
as a size limit in this project, the number of lakes 
– equivalent to the number of water bodies – is 
reduced to just four.

4.2.6.3 Heavily modifi ed water bodies 
and artifi cial water bodies

None of the lakes in question have been exposed to 

Step 1 - biology Step 2 – water quality Step 3 – physical impact Final result 

Lake N6 N5 Biology N4 Chemistry Results N1 N2 N3 
N – min. 

value 
Ecological

status 

Sjöaltesjön 4  * Lime   5 4 4 

Vemmentorpasjön 4  * 3  5 5(4) 4 

Vita sjö 4?  * Lime   5 5 3 

Svarta sjö 3   2 (3)Lime  5 5 5 

* These assessments may need to be adjusted downwards in steps 2 and 3, respectively. 

Table 4.2.13 
Assessment of the eco-
logical status of lakes 
in the Stensån river 
basin using Test 3. As-
sessment is carried out 
according to the criteria 
for “naturalness” in 
System Aqua, but in 
three steps. Current 
Swedish environmental 
quality criteria were 
used for macroinver-
tebrates and water 
chemistry (except for 
N6). For hydromorpho-
logical impact, indica-
tors N1, N2, and N3 in 
the System Aqua cri-
teria for “naturalness” 
were used. Colours 
used below to describe 
ecological status are in 
accordance with WFD 
classifi cation: green 
– good; yellow - mod-
erate.
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lowered water levels or draining. Neither has there 
been any water level regulation. Thus, none of the 
lakes can be regarded as heavily modifi ed. 

4.2.4.4 Risk assessment

According to Table 4.2.14 two of the four lakes are 
risk of not obtaining good ecological quality in 2015. 
The reasons for this are inappropriate fi sh popula-
tions and water quality, and the fact that it may take 
several years to improve the ecological status of the 
lakes.

Preliminary status classification in Stensån 

Type Lake Ecological status 

Sjöaltesjön Good

Vemmentorpasjön Moderate 

Vita sjö Good

Svarta sjö Moderate 

Table 4.2.14 
Preliminary fi nal as-
sessment of the eco-
logical status of lakes 
in the Stensån river 
basin. Assessment  
was made using Test 3, 
except that the revised 
Swedish environmental 
quality criteria for fi sh 
were used. Colours in 
accordance with WFD: 
green – good; yellow 
- moderate.

The rocky West-Swedish shore of Baastad. Photo: S. E. Peder-
sen, Fyn County.
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4.3 Coastal waters
4.2.1 Fyn County

4.3.1.1 Classifi cation

The ecological quality of the Danish coastal water 
bodies is in the long term expected to be described 
and classifi ed by biological quality elements, such as 
macrophytes, phytoplankton and bottom fauna sup-
ported by physical-chemical elements such as nutri-
ent concentrations, bottom water oxygen, Secchi 
depth, and presence of hazardous substances, as 
stipulated in the WFD. However, as coastal reference 
conditions are poorly described for most quality ele-
ments (as mentioned in chapter 3.3), the national 
environmental authorities have, in collaboration with 
Fyn County among others, so far only provided one 
biological classifi cation element - eelgrass depth limit 
- that may be used for classifi cation and the further 
process of risk assessment (Andersen et al. 2004b).

Danish work on classifi cation
On a national level, eelgrass depth limit is so far the 
only quality element that has been subject for such 
a substantial study that it may be ready for use as 
a classifi cation tool (work on other quality elements 
has come some way, however; see below). The 
proposal is relatively straightforward in the sense it 
is anchored in the use of historical depth limits for 
reference conditions, and the use of site-specifi c 
or area-specifi c values is recommended, whereas 
it was concluded that the use of type-specifi c data 
can be misleading (Andersen et al. 2005, Dahl et al. 
2005, Krause-Jensen et al. 2005). In terms of classi-
fi cation sensu WFD, the most important distinction is 
between the ‘good’ and ‘moderate’ ecological qual-
ity. These workers tried a number of different possi-
bilities in terms of this distinction, i.e. 15, 20 and 25% 
deviation from reference values. When using type-
specifi c classifi cation even in the most restrictive sce-
nario (15%), the analysis suggests that some Danish 
areas have a ‘high’ ecological status, which by no 
means refl ects the true ecological present condition. 
When using more site-specifi c classifi cation there 
were examples of some areas (mostly fjords), where 
‘good’ status at present were not met irrespective of 
the magnitude of allowed deviation, and a few others 
(more open, coastal areas), where ‘good’ status at 
present were met under the most liberal deviation, 
but not under the strictest deviation. These studies 
show that the choice of boundaries between quality 

classes clearly affects the assessment, and hence, 
they should be carefully defi ned (Krause-Jensen et 
al. 2005). Obviously, irrespective of the magnitude 
of scientifi c documentation available, an element 
of political choice is in the end involved when an 
acceptable level of deviation is determined. A ‘semi-
offi cial’ proposal of 25% as an acceptable maximal 
deviation from the reference conditions for eelgrass 
depth limits , thus defi ning the lower limit for ‘good’ 
ecological status, has been published by Andersen 
et al. (2004b).

Dahl et al. (2005) also worked with establishment 
of empirical relations between a set of eutrophica-
tion-related parameters and macrovegetation on 
hardbottom substrates in deeper open areas (here 
stone reefs in Kattegat), macroalgae in fjords and 
other near-coastal areas as well as bottom fauna in 
coastal lagoons as prerequisites for, among other 
things, determination of ‘good’ ecological status (and 
reference conditions) for these quality elements. 

Essentially, the ‘functional response’, i.e. the rela-
tions between cause and effect, need to be known 
and - in order to be useful - the various indicators 
need to show a certain degree of sensitivity towards 
the impacting parameter(s). There are clear signs 
that the total coverage of vegetation on deeper stony 
reefs (in Kattegat) is a sensitive and well-suited indi-
cator for the environmental status when used in a 
site-specifi c manner. Due to lack of historical data, 
a classifi cation system using stone-reef vegetation 
must be based upon knowledge of historical data 
on Secchi depths and/or nutrient loads. For mac-
rovegetation in near-coastal areas, the coupling 
between total coverage and eutrophication-related 
parameters is also signifi cant; however, the year-
to-year variation in coverage does not seem to be 
affected by variations in nutrient delivery as opposed 
to the stone-reef vegetation in deeper, more open 
areas. Moreover, the analysis revealed a surpris-
ing lack of impact of nutrients on the ratio between 
opportunistic, fast-growing species and perennial, 
slower-growing species, whereas salinity alone 
could explain 73% of the data variation. For near-
coastal areas, the total macroalgal cover in deeper 
strata where exposure effects are limited seems to 
be a promising tool in terms of classifi cation once 
reference conditions have been established on the 
basis of entry of reference levels of Secchi depths 
or nutrient concentrations or loads into the estab-
lished empirical relations (Carstensen et al. in prep). 
For the bottom fauna it may be possible to establish 
salinity-dependent classifi cation systems based on 
indicators like biomass, various diversity and sensi-
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tivity-based indices (e.g. Margalef’s richness, Shan-
non’s H, AMBI) and species frequency (number of 
species in a given area) (Dahl et al. 2005, Josefson 
& Hansen in prep). 

A set of reference conditions for chlorophyll-a in 
different Danish waters (WFD intercalibration sites), 
based on ca.100-year old Secchi depth measure-
ments and recent relations between Secchi depth 
and chlorophyll-a have been established (Henrik-
sen in prep.); these may thus serve as a basis for 
defi nition af chlorophyll-a quality classes and sub-
sequent be a part of a plankton-based classifi cation 
scheme.

Previously in chapter 3.3.1, a case study from 
Roskilde Fjord was mentioned (Andersen et al., 
2004a), in which reference conditions for total nitro-
gen was determined using a paleoecological method. 
They further tried to establish different classifi cation 
schemes and EQR’s based on these values.

A eutrophication assessment tool under Helcom 
auspices (Helcom Eutro; http://www.helcom.fi /
projects/on_going/en_GB/EUTRO/), named HEAT, 
is currently under development (Andersen et al. 
in press). Thus, 5-10 indicators within each of the 
WFD quality elements: plankton, submerged aquatic 
vegetation, benthic invertebrates and the group of 
physico-chemical indicators, have been defi ned. 
Each indicator within a a quality element is assigned 
a weight (from 1-3) in terms of the response to pres-
sures. For each indicator an EQR can be established 
(relating the current status to a reference value); 
using each indicator’s assigned weight, an EQR and 
subsequently a quality class for the quality element 
as a whole is attained. This procedure can be carried 
out for all four quality elements, and when judged 
together, the so-called ‘one out-all out principle’ can 
be applied. The end result is a fi nal EQR and quality 
class for the water body.

The pilot area Odense Fjord  
In so far classifi cation, an allowable 25% deviation 
from reference conditions for eelgrass depth limit 
(based on historical data), as tentatively suggested 
in national recommendations (e.g., Andersen et al., 
2004b), and an allowable 50% deviation from refer-
ence conditions for biomass of ephemeral macro-
algae (based on dynamic modelling; see chapter 
3.3.1) as the thresholds separating ‘good’ and ‘mod-
erate’ ecological status, has provisionally been used 
for the two water bodies in Odense Fjord, the inner 
part (Seden Strand) and the outer fjord. The his-
torical eelgrass maximum depth limits from Odense 
Fjord was used in a published empirical model relat-
ing depth limits to concentrations of total nitrogen 
and Secchi depths using a large Danish data mate-
rial (Nielsen et al. 2002). This provided reference 
values for total nitrogen and Secchi depth, whereas 
values for total phosphorus came from the dynamic 
modelling.

The actual reference conditions were presented in 
Chapter 3.3.1. In summary, these were in the inner 
fjord 10 g C/m2, 4 m, 660 µg N/l and 30 µg P/l for 
macroalgal biomass, eelgrass depth limit, total nitro-
gen and total phosphorus concentrations, respec-
tively, and in the outer fjord 7.2 m, 6 m, 370 µg N/l 
and 10 µg P/l for Secchi depth, eelgrass depth limit, 
total nitrogen and total phosphorus concentrations, 
respectively. If the environmental objective is to 
attain ‘good’ ecological status, the threshold values 
can be calculated (Table 4.3.1). Since the nitrogen 
concentrations and Secchi depths are derived from 
the empirical relations to eelgrass depth limit, both 
the former can be viewed as ‘proxies’ for the latter. A 
consequence of this may be that, if historical depth 
limits are available for a given water body, reference 
conditions and classifi cation systems can be deter-
mined using nutrient concentrations and/or Secchi 

 Inner fjord (Seden Strand) Outer fjord 

Macroalgal biomass          15 g C/m2 *     - 

Eelgrass depth limit             3 m* 4.5 m* 

Secchi depth                            - 5.3 m** 

TN                                  976 µg N/l*** 548 µg N/l*** 

TP                                      38 µg P/l*** 13 µg P/l*** 

*   at seasonal maximum (e.g. July-August) 

** March-October mean 

***annual mean 

Table 4.3.1 
Threshold values 
separating “good” and 
“moderate” ecological 
status in the two water 
bodies in Odense Fjord 
calculated as 25% de-
viation from reference 
conditions (except 
50% deviation for mac-
roalgal biomass). The 
25% deviations for TN 
and Secchi depth are 
calculated by use of 
the 25% deviations of 
eelgrass depth (which 
in the case of TN gives 
rise to a 47% deviation 
from reference condi-
tion due to the loga-
rithmic relation) using 
the empirical relations 
of Nielsen et al. (2002) 
, whereas values for 
TP and macroalgal 
biomass are calculated 
as 25 and 50% devia-
tions, respectively, on 
results from the ‘Natu-
ral state scenario’-runs 
of the dynamic MIKE 
3-model. Values for eel-
grass depth are 25%-
deviations of historical 
values.
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depths, even though eelgrass currently is absent 
from the water body.

As Seden Strand in general is shallower than 3 m, 
the eelgrass depth limit should rather be ‘translated’ 
into that eelgrass growth should be possible wher-
ever the bottom substrate is suitable.

4.3.1.2 Designation of water bodies

In the following analysis of classifi cation and the sub-
sequent risk assessment, only two water bodies in 

Odense Fjord, delineated according to the typology, 
is considered, the mesohaline inner fjord (Seden 
Strand) and the polyhaline outer fjord.

4.3.1.3 Heavily modifi ed water bodies

A number of heavily modifi ed water bodies have been 
identifi ed in the Odense Pilot River Basin (Fyn County, 
2004a). For the above-mentioned area encompass-
ing Odense Fjord proper (inner and outer fjord), they 

Fig. 4.3.1 
Timeweighted annual 
means of nitrogen 
(left) and phosphorus 
concentrations (right) 
at SS8 in the inner fjord 
(upper) and ODF17 in 
the outer fjord (lower), 
1984-2004. These are 
compared to refer-
ence conditions and 
a 15%- and 25%-de-
viation from reference 
conditions, the latter 
presently being used 
to separate “good” and 
“moderate” ecological 
status, and are salin-
ity corrected (49.3 µg 
TN/l per PSU by the 
difference between the 
timeweighted annual 
mean salinity and long-
term mean salinities of 
12.2 PSU and 18.1 PSU 
on SS8 and ODF17, 
respectively) due to the 
strong estuarine salinity 
and nutrient gradient in 
Odense Fjord.  

Fig. 4.3.2 
Timeweighted means 
(March-October) of 
Secchi depth at ODF17 
in the outer fjord, 1986-
2004 (left panel)  and 
maximum depth limit 
of eelgrass during July-
August in the outer 
fjord, 1988-2003 (right 
panel). These are com-
pared to reference con-
ditions and a 15%- and 
25%-deviation from 
reference conditions, 
the latter presently be-
ing used to separate 
“good” and “moderate” 
ecological status. For 
comparison, Secchi 
depths at ODF17 are 
shown together with 
eelgrass depth limits.
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Fig. 4.3.3 
Left: Relationship 
between the annual 
surface water concen-
tration of total nitrogen 
in the inner (SS8) and 
outer fjord (ODF17) and 
the annual N-load of 
Odense Fjord from the 
scenario runs using the 
dynamic MIKE 3 model 
(model year: 1998). 
Right: Empirical rela-
tion between eelgrass 
depth limit in July-Au-
gust and mean total 
nitrogen concentration 
(March-October) based 
on a large data set 
from a large number of 
Danish estuaries and 
coastal areas (right 
panel); redrawn from 
Nielsen et al. (2002).

include relatively small areas located in connection 
with harbours (2), navigation routes, fairways and 
channels (2), dykes, dams and boardwalks/bridges 
(1) and dammed and drained former fjord areas (12), 
i.e. a total of 17. 

4.3.1.4 Risk assessment

The following analysis will not contain a more tra-
ditional assessment of the ecological status of 
Odense Fjord, based on the whole pallet of moni-
toring data, and seen against formerly defi ned qual-
ity objectives in the Regional Plan of Fyn County or 
the overall WFD-objectives. This can be found in the 
WP2-product “Program of measures.” Here, we will 
exemplify the use of the WFD, with comments along 
the way, by using the few quality elements for which 
reference conditions and threshold values for ‘good’ 
ecological status have been proposed for evaluation 
of past, present and future environmental status of 
Odense Fjord.

Before it is investigated whether the two water 
bodies in Odense Fjord comply with ‘good’ eco-
logical status as judged by the criteria shown in 
Table 4.3.1, the ‘one out-all out principle’ should be 
emphasized.  Thus, according to the WFD a status 
class is only attained if the criteria for all biological 
quality elements are met. Especially as some of the 
elements listed in Table 4.3.1 are linked, e.g. TN and 
Secchi depth is derived from eelgrass depths, these 
have to be supplemented with other indicators and 
elements (e.g., macrofauna, phytoplankton, macro-
phyte coverage, bottom water oxygen) in order to 
provide a suffi cient basis for a proper risk assess-

ment. However, for these other elements there are 
at present no directly applicable classifi cation data 
available, as stated above.

Past and present environmental conditions
In fi g. 4.3.1, past and present nutrient concentrations 
in the two Odense Fjord water bodies are related 
to the reference conditions and the 25%-threshold 
value for separating good and moderate ecological 
status (Table 4.3.1); for comparison, a corresponding 
15% deviation is shown. 

Corresponding data for Secchi depth (ODF17 
in outer fjord) and eelgrass maximum depth limit 
(outer fjord) is shown in fi g. 4.3.2. Corresponding 
to the decrease in fjord concentrations of nitrogen 
and phosphorus, Secchi depths in the outer fjord 
have increased since the 1980’ies from about 2 m to 
about 3.5 m. The increase is highly signifi cant (Ken-
dalls-  test; P<0.005). However, the eelgrass depth 
limit does not show any increase (Kendalls-  test) in 
the corresponding period. The fi gures illustrate sev-
eral important points.It is evident that the chosen 
25% in this example approaches the absolute maxi-
mum deviation allowed for these indicators in order 
to make a proper assessment. It may not be possi-
ble to use a universal allowable percentage deviation 
from reference condition to attain ‘good’ ecological 
status; it may have to be considered element by ele-
ment, or even indicator by indicator. 

Figure 4.3.1-2 also shows, as mentioned, that 
despite the signifi cant changes of nutrient concen-
trations and Secchi depth, no signifi cant changes 
have occurred for the eelgrass depth limit. The 
empirical relationships that link eelgrass depth 
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limits with Secchi depth and nitrogen concentra-
tion, respectively (Nielsen et al. 2002), are based 
on data from a large number of Danish fjords and 
near-coastal areas. As the relations comprise a wide 
range of depths and concentrations, it provides a 
general, fundamental connection between eelgrass 
and water quality, but may not necessarily be able to 
accurately predict the depth limit in a specifi c fjord at 
a given level of light and nutrients. Thus, interfering 
factors may be superimposed on the fundamental 
relation, e.g. physical features like suitable substrate, 
oxygen depletion and sulfi de exposure, the presence 
of impacting hazardous substances, are just a few. 
The important thing to keep in mind here, however, 
is that by meeting the objective in terms of Secchi 
depth and nitrogen concentration, the basis is cre-
ated for improving and subsequently maintaining the 
eelgrass depth limit, whereas other possible factors 
preventing that must be dealt with separately. 

Thirdly, there are drawbacks even for a seemingly 
well-working quality element like eelgrass depth limit. 
Eelgrass depth limits and coverage can show a dif-
ferent temporal evolution. Actually, even though fi g. 
4.3.2 shows a relatively constant maximum depth in 
recent years, the coverage has declined markedly 
and the maximum coverage has been <10% in the 
latter years (Fyn County 2004); in fact, a coverage of 
>80% for eelgrass at 1-6 m depth in the outer fjord 
was part of the suggested reference conditions (see 
Chapter 3.3.1). This call for further investigations of 
the quantitative use of macrophyte coverage as an 
important biological quality element.

Summing up, fi gures 4.3.1-2 show that the present 
environmental conditions in Odense Fjord are not in 
compliance with ‘good’ ecological status, defi ned as 
a 25% deviation from reference conditions, sensu 
WFD, despite a considerable improvement since the 
1980’ies. It should be added, however, that a more 
traditional evaluation of these and many other avail-
able data from Odense Fjord, as has been done 
routinely by Fyn County until WFD came into force, 
shows that the biological structure is unstable and 
among other things infl uenced by nutrient loading, 
which clearly supports that ‘good’ ecological status 
at present is not obtained in Odense Fjord (Fyn 
County 2003; see alsoWP2’s “Program of Meas-
ures”).

Moving towards 2015, how then do we meet 
‘good’ ecological status? According to the WFD, 
the water bodies must fulfi l at least “good” ecologi-
cal status by the end of 2015, and it is a part of the 
risk assessment analysis to evaluate the likelihood of 
whether the water bodies, with the already adopted 

measures, are able to meet at least ‘good’ ecological 
status then.

Before this can be assessed, it is necessary to 
establish a quantitative link or relation between the 
impacting factors and the quality elements. One 
example of this from Odense Fjord is nitrogen load-
ing and eelgrass depth limit in the outer fjord via 
nitrogen concentrations, as found through a combi-
nation of the previously mentioned empirical model-
ling exercise and scenario modelling by the dynamic 
model (see also Chap. 3.3.1); another is nitrogen 
loading and macroalgal biomass in the inner fjord, 
either connected directly or via nitrogen concentra-
tions, as found through scenario modelling using the 
dynamic model. 

The relationship between annual N-load and TN 
concentration in Odense Fjord is shown in fi g. 4.3.3 
for the two stations in the inner (SS8) and outer 
part (ODF17) of Odense Fjord (scenario modelling 
by the dynamic model). Thus, using a specifi c year, 
here 1998, the N-load are changed (by changing 
the forcing variable: N-concentration in the river) in 
each model run and at the same time keeping other 
forcing variables (e.g., freshwater run-off, meteoro-
logical conditions) unchanged. Combining this rela-
tionship with the empirical relation between eelgrass 
depth and TN concentration: lnZ = -0.755 * ln(TN) + 
6.039 (Nielsen et al. 2002), shown in fi g. 4.3.3, the 
link between the impacting factor (N-load) and the 
biological quality element (eelgrass depth limit) can 
be established. It should be noted that the empirical 
relation is based on TN in March-October and a con-
version to annual values is therefore necessary. 

Using the designated depths for attaining ‘“good’ 
status (25% deviation) from Table 4.3.1, i.e. 3 m in the 
inner fjord and 4.5 m in the outer fjord, N-loads of ca. 
1000 (SS8) and 1300 tonnes (ODF17) are estimated. 
To secure that it is possible to meet the objective in 
the whole fjord system, the lower value is chosen. 
Thus, attainment of ‘good’ ecological status in terms 
of eelgrass depth limits demands a reduction of the 
N-load down to approx. 1000 tonnes per year.

 In the other example using the biomass of ephem-
eral macroalgae (essentially the biomass of Ulva 
lactuca) in the inner fjord, only the dynamic model 
is used. In fi g. 4.3.4, macroalgal biomass and TN 
concentrations are plotted against the N-load. The 
model year is the same as that used above (1998), 
and here the reference conditions comes from run-
ning the so-called ‘Natural state’ scenario, seemingly 
comparable to a ‘year 1900 situation’ with respect to 
nutrient loading (see chapter 3.3.1). Using the desig-
nated macroalgal biomass for attaining ‘good’ status 
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(50% deviation) from Table 4.3.1 (15 g C/m2), gives 
an annual N-load of ca. 700 tonnes. Thus, in order 
to maintain a low biomass of ephemeral macroalgae 
in the inner fjord, thereby attaining ‘good’ ecological 
status, a reduction of the N-load down to ca. 700 
tonnes of N per year is demanded.

In these examples, only nitrogen is considered. 
Obviously, phosphorus should be dealt with as 
well, just as it is necessary to involve other impact-
ing elements and resulting quality elements in the 
risk assessment analysis, as previously mentioned. 
These procedures have not yet been elaborated.

The next question to be answered is whether it 
is possible to reach this annual N-load (700-1000 
tonnes N, i.e. the ‘target load’) given that no further 
measures to reduce loading, besides those already 
agreed on, are decided (the so-called ‘baseline 
load’). This is treated in detail in the draft WG2-report 
“Odense Pilot River Basin. Odense Fjord – Provi-
sional program of measures pursuant to the Water 
Framework Directive” Shortly, it has been estimated 
that given a current N-load of 2200-2400 tonnes 
of Odense Fjord, the prognosis (baseline) lands at 
1700-2200 tonnes of N in 2015 (all normalized to 
2000 climate). This is very far from the target load 
(despite the 1998-derived target load calculated 
above is not yet normalized). 

In conclusion, this analysis clearly shows that in 
Odense Fjord, further measures are required  with 
respect to reducing the nitrogen load (range 1000-

1500 tonnes of N) in order to reach a compliance 
with the environmental objective, i.e. ‘good’ ecologi-
cal status defi ned as 25% deviation from the refer-
ence conditions for eelgrass depth limit..

4.3.2 West Finland

4.3.2.1 Classifi cation

In Finland no classifi cation system for coastal waters 
has yet been established that meets the require-
ments of WFD. At present a general classifi cation 
applied in Finland divides the waters into fi ve classes. 
This is done by comparing the concentrations of rel-
evant water quality variables with boundary values 
that refl ect the overall suitability of waters for vari-
ous purposes. These variables include oxygen, tur-
bidity, transparency, color, total phosphorous, toxic 
compounds, chlorophyll a, and frequency of algal 
blooms. The fi ve classes also have a verbal descrip-
tion to help separating them. 

There are, however, some ongoing projects in 
which the suitability of available data on phytoplank-
ton, other aquatic fl ora, and benthic invertebrate 
fauna for classifi cation of the ecological status in the 
coastal water types are being tested. These are pre-
sented in the following text.

Fig. 4.3.4 
Macroalgal biomass 
(seasonal maximum,  
average inner fjord) 
and total nitrogen at 
SS8 in the inner fjord 
vs. nitrogen loading of 
Odense Fjord from the 
scenario runs using the 
dynamic model (model 
year: 1998).
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Phytoplankton
Data on phytoplankton from all coastal water types 
is available in a national database.  However, natural 
variations are diffi cult to separate from the effects 
of pressures, which may lead to an incorrect clas-
sifi cation. At present it is tested if chlorophyll a and 
nutrients together with observations of the frequen-
cies on algae blooms can be used as a classifi cation 
tool.

Other aquatic fl ora
Very little is known about the benthic fl ora and the 
few studies carried out are all from the southern parts 
of Finnish coast. Despite of this it is quite evident that 
the occurrence and maximum growth depth of an 
indicator species such as Fucus vesiculosus may be 
used as a tool in an ecological classifi cation. Thus, 
the distribution area of F. vesiculosus is wide extend-
ing from the northern Quark to the eastern part of the 
Gulf of Finland. However, at the moment the depth 
range of F. vesiculosus can be used only for the Gulf 
of Finland due to lack of data from other areas.

Benthic invertebrates
Data on soft bottom macrozoobenthos has been 
gathered from national, regional and local authorities 
and universities conducting monitoring- or research 
studies. The data has been quality-assured and 
cover the time period from 1990 to 2000. Older data 
are, however, only available for some types due to 
diffi culties with assuring the quality of the data. 

A test has been carried out comparing the pos-
sible agreement between the proposed typology 
based on hydromorphological data only and the spe-
cies assemblages of soft bottom macrozoobenthos 
(Perus et al. 2004). In the test data was grouped 
into <10m and >10m depth strata. This was done 
because it is known that depth plays an important 
role in structuring the coastal ecosystem. The choice 
of 10 meters as a separator was based on the knowl-
edge that the average depth of the thermocline in the 
summertime is about 10m. The 10m depth threshold 
also refl ects the euphotic zone in most coastal areas 
and sets the depth limit for the littoral zone. The 
separation was also performed in order to check for 
possibility to identify type-specifi c assemblages of 
species in the littoral zone as well as in deeper resid-
ing areas. The results showed that the environmental 
typology constructed solely using factors in System 
B of the WFD refl ects the community assemblage 
of soft bottom macrozoobenthos reasonably well. It 

also pointed out the problem with not having data 
with a suffi cient taxonomical resolution (e.g. identifi -
cation to family level instead of species level). This is 
a problem especially in the inner archipelago types 
and Bothnian Bay, where most of the species belong 
to the family Chironomidae and class Oligochaeta 
that are rarely identifi ed to species level. In the shal-
low and low-saline inner types it seems likely that 
these taxonomical groups both have to be identifi ed 
to species level if macrozoobenthos is going to be a 
useful classifi cation element.

Therefore, data sets with the Chironomidae and 
Oligochaeta identifi ed to species level are being 
tested for some coastal water types. The next step 
is to test if enough sampling sites from areas with 
only slight impacts of human activities can be found 
among all costal water types. When this is done it is 
possible to draw conclusions about the usefulness 
of macrozoobenthos in classifi cation.

Summarizing the ongoing classifi cation work for 
coastal waters it can be stated that the possibility 
to use all three biological quality elements are under 
evaluation. However due to the lack of available data, 
it seems likely that it is only possible to include all 
three biological elements in a classifi cation for a few 
coastal types. This also means that no decision has 
yet been made how to deal with the principle “one 
out all out” (to make the classifi cation based on the 
quality element that shows the lowest quality class) 
in the classifi cation work. 

4.3.2.2 Designation of water bodies

The coastal waters outside the River Kyrönjoki are 
characterized into two coastal water types: H: Kvar-
ken inner archipelago and I: Kvarken outer archi-
pelago (see chapter 5.3.2) according to WFD and 
the Finnish coastal water typology criteria. A pre-
liminary risk assessment, based mainly on water 
quality standards, has been made for these coastal 
water types (see chapter 5.3.2). The risk assessment 
subdivides the inner coastal water type into an inner 
delta with enclosed and semi enclosed inner bays 
and an outer part with more open water areas. In 
Finland, there is still an uncertainty of the criteria for 
defi ning coastal water bodies. One criterion could be 
the presence of specially protected areas, of which 
there are some in the River Kyrönjoki delta. However, 
at this point it is still open if this leads to further sub-
division of the coastal water types.
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4.3.2.3 Heavily modifi ed water bodies

The Finnish defi nition of heavily modifi ed water bodies 
in coastal waters says that there should be extensive 
and large scale physical modifi cations (large harbor 
areas, extensive shore line modifi cations) or artifi -
cially enclosed bays for human activities (as fresh 
water supplies e.g. for industry). No such areas have 
been identifi ed in the coastal waters outside River 
Kyrönjoki.

4.3.2.4 Risk assessment

Achieving good ecological status in the sea off River 
Kyrönjoki means that the nutrient- and acidic load 
that fl ows out from the river is reduced signifi cantly. 
It is unlikely that a good ecological status can be 
achieved in the sea until 2015 since there are no suf-
fi cient and cost effective methods suitable for han-
dling the acidity problems.

4.3.3 Schleswig-Holstein

4.3.3.1 Classifi cation

Coastal waters are dominated by strongly varying 
abiotic factors and a high variation in biological qual-
ity elements which may be characterised by either 
marine or brackish infl uences. These conditions 
impede the development of reference conditions 
(see 3.3.3.) and classifi cation/assessment systems. 
Therefore the bases for these assessments are still 
being established and there are no completed con-
cepts yet. 

Biological elements have an important role in clas-
sifi cation. The quality elements to be considered 
here are benthic invertebrate fauna, macrophytes 
(i.e. macroalgae and angiosperms) as well as phy-
toplankton. Because eutrophication due to nutrient 
input from the coast is considered the most relevant 
current pressure with stone removal and trawl fi shing 
as secondary pressures, the assessment system will 
have to centre mainly on parameters which reveal 
pressures due to excessive nutrients.

Phytoplankton 
Biomass as well as composition of species is mainly 
infl uenced by the nutrient content of the water. This 
direct infl uence is modifi ed by further abiotic and 

biotic factors which may have signifi cant infl uence on 
the abundance of phytoplankton. The coastal waters 
of the Baltic Sea are dominated by current induced 
by wind and the transparency is mainly dependent 
on phytoplankton biomass itself. Moreover, the larg-
est part needing to be assessed consists of fjords 
and bights which are areas with a reduced exchange 
of water depending on current direction and veloc-
ity.

Although different projects have already estab-
lished drafts for assessment systems, there is yet no 
unifi ed approach for Germany. Ongoing research is 
being pursued and data from neighbouring states 
included. Currently, abundance, species composi-
tion, and biomass are being considered as elements 
for the assessment system, with algae blooms pos-
sibly to be included in the abundance. The frequency 
of algae bloom occurrence as a single factor is there-
fore currently not considered as a separate quality 
element. Species composition may be assessed 
using a system of lists. For the element biomass (as 
chlorophyll a) reference values will need to be mod-
elled from historic and current data. For the enclosed 
waters which do not occur in Schleswig-Holstein, 
but are found at Bodden in Mecklenburg-Vorpom-
mern, references as well as an assessment system 
may be established using an analysis of trophic indi-
cators based on phytoplankton.

Macrophytobenthos
The effects of excessive nutrient inputs may be 
observed directly on macrophytobenthos mainly via 
two different routes:

• Less transparency in the water due to higher bio-
mass of phytoplankton results in less light penetra-
tion and therefore in a reduction in abundance of 
macroalgae and eelgrass (Zostera marina) below a 
certain depth, making the deepest occurrence of 
these species a parameter that can be measured 
directly.

• Short-lived (ephemeral) often linear algae do better 
in favourable nutrient conditions compared to per-
ennial macroalgae and eelgrass which are adapted 
to conditions with less nutrients and therefore the 
ephemerals may settle on primary substrates 
(rocks etc.) as well as being epiphytes on the per-
ennials which further impedes and restricts these.

The abundance of the perennial macrophytes and 
their species composition compared to the green 
tides of seasonal algae blooms therefore represent 
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assessment parameters directly associated to the 
pressures from nutrients. 

The historical situation has been and is currently 
being reconstructed using ancient herbariums and 
lists of species and is being combined with light 
modelling to calculate the historical lower depth 
distribution patterns for separate species (i.e. using 
the calculated light depth transmission as well as 
light physiology of the species). The lower distribu-
tion threshold of selected species like Fucus vesicu-
losus and Zostera marina or types of vegetation will 
become an important assessment element.

Furthermore the distribution of ephemeral macro-
algae which have profi ted most from high nutrient 
discharges will be used for the assessment, while 
it will be necessary to differentiate between species 
and groups of species because there have always 
been ephemeral algae even in historic times. Spe-
cial attention will be given to epiphytes on perennial 
macrophytes.

In the Baltic Sea there has been a signifi cant reduc-
tion of perennial macrophytes following the earlier 
practise of ‘stone fi shing’ (i.e. extraction of boulders 
and stones) which has reduced the amount of solid 
substrate which in turn is necessary for the growth of 
many macroalgae in the euphotic zone and this may 
need to be considered when establishing an assess-
ment system based on the historical situation. Possi-
bly it may become necessary to re-supply the Baltic 
Sea with rocky matter for the achievement of a good 
ecological quality. 

In addition to the assessment for the Flora-
Fauna-Habitat-protected areas (Natura 2000) the 
assessment elements “species composition” and 
“abundance” from WFD (which are comparable to 
the FFH criteria complete habitat-typical species) 
must also include the assessment elements “com-
pleteness of habitat structures” and “disturbances”. 
Moreover, there are as yet no drafts for the assess-
ment of the marine habitat types “reef”, “sandbank” 
and “shallow large bay”.

Macrozoobenthos
Eutrophication has an infl uence on benthic inverte-
brate communities that are supported by a supply 
of dead and living phytoplankton. Thus, zoobenthos 
may be expected to be useful indicators for good 
ecological status. There is, however, yet no hard evi-
dence for the connection between nutrients –> more 
biomass and different species of plankton –> differ-
ent species of zoobenthos except in cases where 
oxygen depletion due to heavy sedimentation of 

dead phytoplankton leads directly to a reduction of 
the number of species. 

Currently an approach has been developed for the 
assessment of the Baltic macrozoobenthos accord-
ing to the WFD (MARILIM, 2005). The approach is 
based solely on ecological principles and gives an 
assessment according to the four criteria required by 
the WFD: abundance, fauna composition, propor-
tion of taxa sensitive to disturbance, and proportion 
of taxa that are pollution indicators. The approach 
uses a classifi cation scheme with fi ve classes, type 
specifi c reference conditions, and is applicable to all 
habitats. 

The design of the assessment approach was 
faciliated by software (MarBIT) which was developed 
especially for this purpose storing all relevant data 
in an SQL database. The software contains sample 
data sets used to evaluate many classical assess-
ment indices and some WFD approaches of other 
EU member states. Thus, it was possible to fi nd the 
best available indices.

For each of the four WFD criteria an assessment 
index was found, that works independently of the 
other criteria and thus leads to minimal redundancy. 
Abundance is assessed using the correlation with a 
log-normal abundance distribution. This was consid-
ered the reference condition. Fauna composition is 
assessed using the taxonomic distinctness +. The 
reference taxa list gives the + value for the reference 
conditions. Taxa sensitive to disturbance and pollu-
tion indicators are identifi ed through their ecology. 
The proportion of these taxa with respect to the ref-
erence taxa list designates the reference conditions. 

Each index yields a standardised value from 0 to 1. 
Two methods are possible to calculate a WFD-index 
from these values: weighted mean or exclusion. The 
weighted mean method calculates a mean from 
the indices using weighting factors for the different 
indices and then applies class limits to this mean in 
order to get one of the fi ve classes. The exclusion 
method applies class limits to the individual indi-
ces and defi nes thresholds that lead to degradation 
with respect to the reference state. Which of these 
two methods will be fi nally applied has not yet been 
resolved. 

Preliminary reference taxa lists have been com-
piled by collecting the ecology of as much Baltic taxa 
as possible and integrating the data in the MarBIT 
database. For each water type (B1–B4) criteria were 
derived that characterize the type appropriately. The 
MarBIT software has then automatically compiled 
reference taxa lists based on these ecological data 
and fi ltered by the type criteria. Each type consists 
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of three different habitats: soft bottom, hard sub-
strate, and phytal. Areas were defi ned based on this 
frame and the WFD water bodies which have to be 
assessed individually. In a further step the reference 
taxa lists must be adapted to these areas. 

Hydromorphological elements  
Hydromorphological elements describe the geomor-
phological and hydraulic framework of conditions for 
life in a water body. Therefore, an assessment of 
these is a supplement to using biological elements. 
Hydromorphological elements for coastal waters are 
called the “regime of the tides” and “morphologi-
cal conditions” in the WRRLVO. These two general 
expressions include all hydrological and morpho-
logical elements which must be used for a detailed 
assessment. For morphology these include depth 
variation as well as structure and substrate of the 
coastal bed. 

Both the wave exposure and the freshwater fl ow 
are to be assessed. The ‘LAWA-Rahmenkonzept für 
das Montierung’ (Framework concept for monitor-
ing) states that only wave exposure will be assessed 
as a relevant element. 

The monitoring of the above mentioned hydromor-
phological elements is carried out using data and 
modelling from the Bundesamt für Seeschifffahrt 
und Hydrographie (BSH), the Wasser- und Schiff-
fahrtsverwaltungen (WSV), the Ämter für ländliche 
Räume (ÄLR) and is supplemented by data from dif-
ferent research institutions (Universities, IOW). 

There are many assessment drafts and also some 
assessment systems. These are, however, devel-
oped with different aims in mind. The existing drafts 
and systems are being researched by the UAG 
Hydromorphology of the BLMP for their suitability for 
the WFD. First results are expected in the middle of 
2005.

Physico-chemical elements and specifi c pol-
lutants
The assessment is made according to the WRRLVO 
using general parameters and includes pollutants, 
both synthetic and natural. General parameters 
include transparency (m), temperature (°C), oxygen 
(mg/l) and salinity (psu) as well as the nutrient param-
eters total phosphorus (mg/l), orthophosphate (mg/
l), total nitrogen (mg/l), and nitrate (mg/l). There is as 
yet no assessment system for these general phys-
ico-chemical elements. 

The assessment of specifi c pollutants is achieved 

by applying Annex 4 No.2 WRRLVO for 148 sub-
stances with their stated quality norms (see Annex 
4.2). 

For non-artifi cial pollutants like the metals arsenic, 
chromium, copper and zinc the quality norms have 
been given the unit “mg/kg”. It remains unclear if 
these limit values are meant for suspended matter or 
sediments. Each annual means of substance con-
centration is tested at every measuring site. Values 
below the analysis threshold are calculated with half 
the value of the analysis threshold. If the analysis 
threshold is above the quality norm and the annual 
means below the analysis, then the threshold the 
quality norm is not exceeded. 

The chemical situation of water bodies is assessed 
using the relevant quality norm for priority pollutants 
according to Annex 5 of the WRRLVO (see Annex 4.3 
in the present report). It contains the area up to the 
national border which will be ecologically assessed 
and considers the area outside as a unifi ed water 
body named the “coastal ocean Baltic Sea”.

Priority pollutants need only be measured if there 
are indications that they are being discharged into 
the water body or leach from diffuse sources. This 
should be decided using data from discharging 
watercourses and directly discharging waste water 
treatment plants.

4.3.3.2 Designation of water bodies

As a fi rst step water bodies were drawn by type 
boundaries. The second step saw a subdivision 
using hydromorphic and hydrodynamic character-
istics, which partly show less water exchange to 
neighbouring water bodies. They were then named 
using the following system:

Example: Water Body B4.3.27
B4 = Baltic Sea type
3 = Continuous number of water body
27 = Number of subcatchment (adjacent working 
area)

4.3.3.3 Heavily modifi ed water bodies

Almost all coastal waters in Schleswig-Holstein 
are infl uenced by different human activities such 
as shipping, fi shing, coastal defence, agriculture, 
industry and harbours as well as tourism. But only 
a relatively small part has been physically modifi ed 
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locally by constructions along the coastline, coastal 
defence and the dredging of shipping routes. The 
inner Kiel Fjord and the lower part of the Trave and 
Trave mouth have also been changed by build-
ing docks and port facilities as well as quay walls, 
and they have therefore been designated as heav-
ily modifi ed. Any other physical changes are at this 
point regarded irrelevant in respect to being ‘heavily 
modifi ed’. A more detailed designation will be made 
with the completion of the digital waterways map of 
Germany (Digitale Bundeswasserstraßenkarte) and 
the coastal defence information system (Küstens-
chutzinformationssystem) and after reference condi-
tions have been established.

 
The following criteria may be used to defi ne heavily 
modifi ed water bodies:
• Navigation and upkeep of shipping routes
• Coastal defence measures with a strong hydro-

logic or morphodynamic infl uence
• Strongly modifi ed coastal strip with ports, indus-

try, sheet piling, boardwalks reaching out from the 
coast, etc.

4.3.3.4 Risk assessment

Identifi cation of pressures
Twenty-two out of the 66 municipal wastewater treat-
ment plants in Schleswig-Hol999stein discharge 
directly into the Baltic Sea. Due to their improved 
facilities, these wastewater treatment plants only 
contribute with relatively small amounts of nutrients 
and pollutants to the eutrophication of the coastal 
waters. This is also the case for two industrial and 
two food plants that discharge directly into the sea. 
Two other industrial plants emit into watercourses 
which then discharge into the Baltic Sea.

 The Federal Environmental Agency estimates that 
70% of all pollutants in coastal waters originate from 
land-based sources. Eutrophication from point and 
diffuse sources is by far the most severe problem. 
Main sources of nitrogen (N) and phosphorus (P) 
are effl uent from waste water treatment plants and 
leaching from agriculture within the river basin.

Other signifi cant pressures from human activity of 
coastal waters in the Schlei/Trave river basin must be 
assessed when monitoring the impacts from ship-
ping, fi shing, aquaculture, former munitions dumps 
and tourism. 

Direct discharges from shipping include TBT from 
antifoulings and Zinc from ship anodes. Whether 
these substances cause pressures on coastal waters 

will be assessed in a monitoring programme. Regu-
lations passed by IMO (International Maritime Organ-
isation) which have already been adopted within the 
EU point towards a signifi cant reduction of pressures 
resulting from TBT in the near future.

Assessment of impacts 
In the coastal waters of the Schlei/Trave river basin 
high concentrations of nutrients and pollutants have 
a signifi cant negative effect on composition and 
abundance of the benthic biocoenosis and phy-
toplankton. This effect is even more signifi cant for 
aquatic fl ora because they also lack the appropriate 
substrate which has been removed during the period 
when rocks were taken from coastal areas.

Due to the high nutrient input from inland, neigh-
bouring water bodies of the Baltic Sea and atmos-
phere it must be anticipated that all 24 water bodies 
of the coastal waters in the Schlei/Trave river basin 
will not meet the quality objectives without further 
measures being taken.

Assessment of risks 
The aim of the process is the assessment of the risk 
of coastal water bodies not complying with the WFD. 
In this process, data on the ecological and chemi-
cal situation as well as known pressures is to be 
used. As mentioned above, an ecological assess-
ment system is currently being established and is 
expected to be available from mid-2005 onwards. 
Until then an assessment solely using pressures and 
impacts is carried out.

The assessment of coastal waters is still not con-
clusive because data for some quality elements and 
the reference and classifi cation system are to date 
unobtainable. The available data suggests that all 
coastal waters will be tentatively assessed as at risk 
of failing good ecological status before 2005. This 
does not mean to say that the water bodies are in 
a worse than moderate condition, but that there is 
insuffi cient data which needs to be supplemented by 
the planned monitoring programmes.

At present, no heavily modifi ed water bodies have 
been designated. The result of the risk assessment 
is shown in Figure 4.3.6. It shows the ratio of coastal 
water bodies with no risk or risk of compliance to 
those heavily modifi ed. Pressures used for the 
assessment have been categorised as originating 
from land sources or neighbouring coastal waters.
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Figure 4.3.5 
Assessment of risks to 
coastal waters.

Figure 4.3.6.
Result of the risk as-
sessment of coastal 
waters in Schlei-Trave 
Catchment
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4.3.4 Gdansk

4.3.4.1 Classifi cation
There is no classifi cation system for coastal nor for 
transitional waters.

4.3.4.2 Designation of water bodies

Two water bodies are designated: The ‘Vistula 
Lagoon’ regarded to be a transitional water body 
and the ‘Vistula Peninsula coastal water body’ as a 
coastal water body.

4.3.4.3 Heavily modifi ed water bodies 
and artifi cial water bodies

None of the two water bodies are identifi ed as heav-
ily modifi ed.

4.3.4.4 Risk assessment

Due to the lack of environmental quality data both 
‘Vistula Lagoon’ and ‘Vistula Peninsula coastal water 
body’ are regarded as being potentially at risk of fail-
ing to attain good ecological status by 2015.

4.3.5 Kaliningrad

4.3.5.1 Classifi cation

The principles of the coastal water quality classifi ca-
tion in the Russian Federation are slightly different 
from the approach laid in the basis of the fresh water 
system classifi cation.

The chemical quality of marine and coastal waters 
is assessed by the water pollution index (WPI), which 
is similar to the one for the water courses mentioned 
previously, as well as by the content of pollutants in 
the share of the MAC (Maximum Allowed Concentra-
tion).

There is a number of methods for determining the 
quality of coastal waters which are based on biologi-
cal indices. These methods assess the water qual-
ity by the composition of indicator organisms, by 
species diversity and by the whole range of these 
factors. According to the expert assessment, the 
best indicators for quality in the coastal and marine 

waters are indicator organisms capable of showing 
quick responding reactions to changes in the marine 
environment.

Another approach to the classifi cation of environ-
mental status is based on trophic and saprobic indi-
cators. However, this method is not applied in the 
national reports on the environmental situation con-
cerning the coastal and marine waters. 

At present, phytobenthos indicators are in the 
stage of being approved as a classifi er of environ-
mental status of coastal and marine waters. A clas-
sifi er on the determination of bacterial-planktonic 
saprobic index and water quality assessment using 
the status of bacterial plankton is being approved as 
well. Previously the water quality classifi ers of marine 
and coastal waters were focused on the assessment 
of bioproductivity of water bodies with the aim of 
using them for fi shery. 

In order to unify isolated expert assessments of the 
water quality environmental status, a decision was 
made in the Russian Federation to make a hydrobio-
logical list of biological indicators and biological tests 
for marine waters. 

At present a water pollution index is used in the 
offi cial reports on the assessment of water quality 
in the Vistula Lagoon and the coastal waters of the 
Baltic Sea.  

It will be possible in future after collecting enough 
information to revert to assessing an environmental 
status of a coastal water body by the condition of 
plankton communities – phytoplankton, zooplankton 
and bacterial plankton - as well as by changes in 
production and decomposition processes. 

4.3.5.2-5. Designation of water 
bodies, risk assessment

These parts of the WFD process were not carried in 
the Kaliningrad region as Russia has no obligation to 
implement the directive.

4.3.6 Laholm

4.3.6.1 Classifi cation

Work is ongoing to revise the current environmental 
quality criteria for the chemistry in the coastal water 
for each of the 23 Swedish type-specifi c areas. The 
proposal of division into status classes for a group of 
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indicators belonging to the physical-chemical WFD 
quality class is presented below (Sahlsten & Hans-
son 2004).

Nutrients: total phosphorus and total nitrogen
To establish the class limits for nutrients - phospho-
rus and nitrogen – the present data were ranked 
from the lowest to the highest concentration, after 
excluding data collected during > 100 % oxygen sat-
uration. The limit for the reference value was decided 
to be 10%-percentile of the lowest of these meas-
ured values. Thus, values below the 10%-percentile 
will be referred to as belonging to the highest status 
class, High. The limit for the lowest status class, Bad, 
was in the same way set to the 97.5%-percentile. The 
remaining interval was subsequently evenly divided 
(i.e. 87.5/3) between the remaining classes Good, 
Moderate and Poor. The ecological status classes 
are presented for the type-area 5 “Coastal waters of 
south Halland and north Öresund” in Table 4.3.2.

Secchi depth
The measured Secchi depths in the coastal type-
areas were ranked from the lowest to the highest 
Secchi depth. The limit for the reference value was 
decided to be the 95%-percentile, which thus rep-
resents the limit between High and Good status. 
Similarly, the limit for Bad status was set to the 5%-
percentile.. The remaining interval  was then evenly 
divided (i.e. 90/3) to establish the limits for the other 
classes. In Table 4.3.3, the ecological status classes 

are presented for the type-area 5 “Coastal waters of 
south Halland and north Öresund” to which the bay 
of Laholm belong.

Oxygen
No reference values or classifi cation have been 
established for the type-area. However, a sugges-
tion of reference values and classifi cation of oxygen 
in the bottom water by R. Rosenberg is referred to by 
Sahlsten & Hansson (2004) (table 4.3.4). The clas-
sifi cation is developed with emphasis on the stress 
upon the benthic fauna caused by the bad oxygen 
conditions.  It is highly recommended to use the per-
centage of oxygen saturation rather than the oxygen 
concentration (about 1 m above the bottom). To be 
able to calculate the percentage of oxygen saturation 
it is necessary to measure the oxygen concentration 
as well as the temperature and salinity. 

4.3.6.2 Designation of water bodies

The Swedish coastal waters has been divided into 25 
types, of which two are transitional waters. Most of the 
coastal type areas consist of an inner zone near to the 
coast and an outer zone against the open sea. The 
entire bay of Laholm belongs, as mentioned before, 
to type-area 5 “Coastal waters of south Halland and 
north Öresund” and no transitional waters has been 
defi ned for this coastal zone. In the bay of Laholm 
there are a strong vertical stratifi cation and below 10 
meters depth there are a potential risk for oxygen defi -

 High Good Moderate Poor Bad 

Winter (Jan-Febr)      

Nitrit+Nitrate, µmol/l < 4.9 >4.9-6.9 >6.9-8.2 >8.2-12 >12 

Ammonia , µmol/l) < 0.19 >0.19-0.57 >0.57-1.0 >1.0-2.5 >2.5 

Total nitrogen, µmol/l < 18 >18-22 >22-25 >25-39 >39 

Phosphate , µmol/l < 0.46 >0.46-0.60 >0.60-0.70 >0.70-1.1 >1.1 

Total phosphorus, µmol/l < 0.69 >0.69-0.87 >0.87-0.99 >0.99-1.5 >1.5 

Summer (July-Aug)      

Total nitrogen, µmol/l < 15 >15-19 >19-21 >21-32 >32 

Total phosphorus, µmol/l < 0.23 >0.23-0.38 >0.38-0.50 >0.50-0.93 >0.93 

 High Good Moderate Unsatisfactory Bad 

Secchi depth, m  (Aug–Sep) >11.5 >8.5-11.5 >7-8.5 >5-7 <5

Table 4.3.2 
Classifi cation of nu-
trients – phosphorus 
and nitrogen - in the 
type-area 5, Laholm 
Bay, presented for both 
the winter and summer 
period. The reference 
value is the limit be-
tween high and good 
status.

Table 4.3.3 
Classifi cation of Sec-
chi depth during the 
late summer period 
for the type-area 5 
Laholm Bay. The refer-
ence value is the limit 
between high and good 
status.
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 High Good Moderate Unsatisfactory Bad 

O2 –saturation, % >50 31-50 16-30 5-15 < 5 

O2 –conc., ml/l* >3.3 >2-3.3 >1-2 >0.5-1 <0.5

Mortality No No Sensitive species High High 

Change in behaviour No Some species Yes Yes - 

Effects of the lifecycle No Some species Yes Yes - 

*The concentrations of oxygen equals the saturations given above at a temperature of 10oC and a salinity of 30 psu
To convert the concentration of oxygen from ml/l into mg/l, multiply with a factor of 1.429. 

Table 4.3.4 
Classifi cation of oxygen 
in relation to effects 
on the benthic fauna 
during the most critical 
period for the benthic 
fauna, i.e. late summer-
early autumn The clas-
sifi cation applies for all 
coastal type-areas. The 
reference value is the 
limit between high and 
good status.

Figure 4.3.7
Delineation of the 
“Coastal waters of 
south Halland and 
north Öresund” and 
alternative division in 
types based on the 10 
meter curve.

cit. Therefore, it should have been more appropriate to 
divide the bay into two types based on the 10 meter 
depth curve (Figure 4.3.7). This was suggested in ear-
lier drafts of the Swedish typology.

4.3.6.3 Heavily modifi ed water bodies 
and artifi cial water bodies

At the reporting to the EU in March 2005, only a 
few heavily modifi ed coastal water bodies were pre-
liminary identifi ed and reported by Sweden. None is 
located in the bay of Laholm, despite there are near-
coastal areas outside the cities of Halmstad and 
Båstad that could be considered as heavily modi-
fi ed. Those areas are considerably affected by the 
harbours and the shipping as well as dredging, fi lling 
and other human activities.   

4.3.6.4 Risk assessment

The ecological status of the bay of Laholm is prelimi-
narily assessed as Poor with regard to the physical-
chemical indicators. Nutrients are transported to the 
bay from the surroundings and the contribution from 
the River Stensån is just about one tenth of the total 
antropogenic nitrogen load into the bay. The high 
content of nitrogen and phosphorus cause severe 
algal blooms. The intensive blooms occur frequently 
and sometimes cause depletion of oxygen in the 
Lahom Bay bottom waters, wich in turn affect the 
benthic fauna.  The vertical stratifi cation with a halo-
cline near the bottom also contributes to the oxygen 
depletion problems. In Figure 4.3.8, the assessment 
is presented for two locations in the Laholm bay: 
L9 is located in the open water in the middle of the 
bay (data from the surveillance program of Halland) 
and Lx is located nearby the south-western shore 
(data from the coastal water committee of Nordväst-
skåne).
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Figure 4.3.8 
Preliminary assessment 
of the ecological status 
of the bay of Laholm 
with regard to the 
physical-chemical indi-
cators at two locations 
(L9 and LX).
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4.4 Cross-regional aspects
4.4.1 Classifi cation

General remarks
All regions have described national classifi cation 
systems whenever available – and they have prima-
rily used these in the risk assessment process car-
ried out in their respective pilot area. The work on 
the classifi cation systems is in progress in all regions, 
although the outcome at present differs considera-
bly. Generally, Germany has taken the absolute lead 
and seems to have put a great effort attempting to 
produce indices for many of the biological, physico-
chemical, and hydromorphological quality elements. 
However, in the other partner countries the work 
seems to be very much behind.

No region besides Schleswig-Holstein has 
attempted to provide true locally adapted classifi ca-
tion systems in order to carry out the present project 
– i.e. playing the WFD process in their respective 
pilot area. Thus, Schleswig-Holstein (Landesamt 
für Natur- und Umweltschütz, LANU) has provided 
a classifi cation of lake quality using different phyto-
plankton metrics, and in addition presented a pro-
posal for a macroinvertebrate-based classifi cation of 
lake outlets that is a special type of running waters. 
Fyn County has, however, generated an assessment 
procedure, essentially a ‘preliminary’ classifi cation 
system, based on site-specifi c historical eelgrass 
depth limits for Odense Fjord and empirical relations 
between this and total nitrogen (and Secchi depth).

Generally, national classifi cation systems have to 
be related to reference conditions of the respective 
aquatic types in rivers, lakes, and coastal waters. 
This is surely not an easy task as sites with refer-
ence quality are few in the countries most impacted 
by agriculture and other human activities, especially 
regarding certain types of surface waters. Another 
thing is that it – as an example - may be easier to 
fi nd reference sites among small streams that are 
relatively abundant than among large rivers that are 
few and far apart – and have a greater risk of being 
heavily impacted. Due to this fact, some classifi ca-
tion systems are not truly founded in reference con-
ditions, and they may for that reason be regarded as 
only preliminary (examples are the Danish biological 
and physical stream indices). An interesting ques-
tion that may be asked in connection with a project 
as the present is, whether it is possible to use refer-
ence sites from other counties when it is so diffi cult 
to fi nd such in ones own country. No attempts of this 

kind were made in the present project, mainly due 
the linkage to national initiatives, to limited resources, 
but also because the partner regions include several 
ecoregions and therefore very different types of sur-
face waters.

Although classifi cation should be founded in the 
reference condition of a specifi c type of surface 
water, there are several examples that a classifi cation 
system is suggested as common for several types. 
Obvious examples are the Danish Stream Fauna 
Index and the Danish Physical Stream Index that are 
used in all three Danish running water types despite 
the fact that both indices may have a bias between 
small and large streams. Further, these indices are 
not truly founded in any reference condition.

Especially for coastal systems, site-specifi c classi-
fi cation systems may be preferred over type-specifi c 
systems; thus, analyses have shown that for some 
Danish coastal waters the ecological status is clearly 
overestimated, compared to the present ecological 
condition, when using a type-specifi c classifi cation 
even in a very restrictive way. 

There are great differences in the classifi cation 
systems and metrics that have been provided so far 
in partner countries involved. An overview of the cur-
rent efforts to provide systems to classify the eco-
logical status of surface waters is presented in table 
4.4.1.   

Biological quality elements

Benthic invertebrates
Macroinvertebrate indices in any form only exist 
for running waters. Further, new indices especially 
designed for the WFD are only provided in Finland, 
whereas already existing biotic indices is used in 
Denmark and Sweden (Danish Stream Fauna Index, 
the British ASPT Index, and the Swedish Acidity 
Index) and the traditional saprobic system is still in 
use in Germany and Poland. And these ‘old’ indices 
are certainly not suffi cient to fulfi l the requirements of 
the WFD. However, Germany has a multimetric index 
in preparation for running waters that aim at comply-
ing with WFD requirements.

For lakes, Germany attempts to produce indices, 
although macroinvertebrates may generally be diffi -
cult to use as reliable quality elements in lakes located 
in this part of Europe. In this context, it is interesting 
to note that in Poland, Kaliningrad (Russia), and in 
Sweden the use of biotic indices (Chandler Score, 
modifi ed Trent Index, DSFI, ASPT Index), that are 
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developed only for use in running waters and espe-
cially for riffl e sites, has been suggested for lakes. 
From a scientifi c point of view it is more than ques-
tionable if the use of most of these indices has any 
relevance in lakes.

For Danish coastal waters, various diversity- and 
sensitivity-based indices (e.g. Margalef’s richness, 
Shannon’s H, AMBI) have been used and compared. 
In Finnish waters, the environmental typology seems 
to refl ect the depth-dependent assemblage of soft 
bottom macrozoobenthos reasonably well. So, in 
both countries, a well-founded basis for the develop-
ment of classifi cation systems now seems available. 
In the classifi cation of Swedish coastal waters, ben-
thic invertebrates are used in direct connection to the 
degree of oxygen depletion in the form of sensitivity 
or stress towards hypoxia (i.e. effects concerning 
mortality, behaviour, life cycle), but in a qualitative, 
descriptive manner. 

 

Fish
Indices based on fi sh assemblages are considered in 
both Denmark and Germany – for running waters as 
well as lakes. It is already documented that the com-
position of fi sh nicely refl ects the ecological quality of 
the most dominant lakes types in Denmark, whereas 
there is doubt whether indices using fi sh are appro-
priate refl ecting the ecological quality of the running 
waters and lakes in Northern Germany. In Sweden 
at least two fi sh-based indices are in use, although 
they are not based on the principles of WFD (i.e. not 
based on any reference condition). 

Macrophytes and microphytobenthos
Germany is unique among the partner countries pro-
viding completed classifi cation systems based on 
macrophytes and microphytobenthos, and founded 
on reference conditions of respective surface water 
types. Thus, a multimetric index is developed for 

Status for establishing WFD classification systems in the BERNET countries 

Status shown as: 
x: WFD systems provided and ready 
for implementation 
(x): WFD systems in preparation 
{x}: non-WFD systems in use 

Watercourses Lakes
Coastal 
waters

Phytoplankton 
none
(DE) 

{PL1,RU} 

none
(DK,DE,FI,SE) 

{RU}

none
(DK,DE,FI,SE) 

{RU}

Macrophytes/ 
phytobenthos 

DE2

(SE) 
{PL1}

DE2

(DK,FI,SE) 
{RU}

DK7

(DK,DE,FI,SE) 
{none} 

Macroinvertebrates 
none

(DE3,FI,SE) 
{DK,PL,SE,RU} 

none
(DE,FI,SE) 
{PL,RU} 

none
(DK,DE,FI,SE) 

{none} 

Fish
none

(DK,DE,FI,SE) 
{SE,RU} 

none
(DK,SE) 
{none} 

Not considered in 
WFD

Hydromorphology 
DK4,DE
(none) 

{SE,FI,RU} 

none
(none) 

{FI} 

none
(DE) 

{none} 

Physical-chemical elements 
none
(SE) 

{DK, SE,RU,DE,FI} 

DK5

(SE) 
{DE,FI,PL,RU6}

DK8

(DK,DE,RU,SE) 
{FI} 

1 Saprobic system 
2 Both macrophytes and phytobenthos, 2 & 3 modules in rivers and lakes, respectively 
3 Several indices or metrics 
4 Not related to reference conditions 
5 Only phosphorus 
6 Only for lakes used for water supply or recreational purposes 
7 Regional classification using depth limits for Eelgrass (Zostera marina)
8 Regional classification using N, P and Secchi depth

Table 4.4.1 
Current status estab-
lishing systems for 
classifi cation of surface 
waters according to 
their ecological status 
in the BERNETcatch 
partner countries. The 
term ‘WFD system’ 
means that the system 
refl ects the fi ve qual-
ity classes, and that it 
is also related to and 
refl ect certain pres-
sures and therefore 
are operational from a 
management point of 
view. DK: Denmark; DE: 
Germany; FI: Finland; 
PL: Poland; RU: Rus-
sia; SE: Sweden.
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running waters and a rather similar one for lakes. 
Both these multimetric indices include a so-called 
Reference Index based on macrophytes (using type-
specifi c occurrences and varying ecological status 
of submerges species, and including both number 
of species and their abundance) and for benthic dia-
toms a Trophic index and a Quotient of Reference 
species. The Trophic index is related to the effect 
of nutrients (phosphorus) on species composition, 
whereas the Quotient of Reference species is related 
to the type specifi c occurrence and the varying eco-
logical status of the species. In addition, the multi-
metric index adapted for running waters also include 
an Assessment Index which weight the occurrence 
and number of taxa assigned to different categories 
according to their ability to tolerate high nutrient con-
centrations.

In Denmark, the use of macrophytes in classifi ca-
tion of lakes has been considered, although no index 
or metrics has been developed so far, whereas in 
Poland the saprobic system using periphytic algae 
has been suggested as a preliminary classifi cation 
tool.

For Danish coastal waters, various scenarios of 
classifi cation systems based specifi cally on the depth 
limits of eelgrass (Zostera marina), for which a large 
body of historical data provides well documented 
reference conditions, have been presented. Based 
on similar data, but somewhat independent of this, 
a concrete suggestion of how to use eelgrass depth 
limit to distinguish between ‘good’ and ‘moderate’ 
ecological status in a risk assessment of Odense 
Fjord has been suggested by Fyn County. Classifi ca-
tion systems based on depth limits of eelgrass and 
of Fucus vesiculosus is considered in Germany, the 
latter also in Finland. For macroalgae, classifi cation 
systems using (total) coverage are currently in prepa-
ration in Denmark, both for near-coastal areas and 
for stone reefs in more open, deeper areas.

Phytoplankton
In Germany, multimetric classifi cation systems using 
phytoplankton are in preparation, being based on ref-
erence conditions of various types of running waters 
and lakes, respectively. In Denmark some phyto-
plankton metrics have been considered for lakes but 
not in terms of a true multimetric index. Phytoplank-
ton is not regarded as a important and, thus, relevant 
quality element in Danish running waters due to their 
small size, and the development of related classifi ca-
tion systems are therefore not considered. 

In Danish coastal waters, a preliminary descrip-

tion of reference conditions using chlorophyll-a has 
been suggested for a number of WFD intercalibra-
tion sites. This may be the fi rst step in the process 
of generating a classifi cation system. In Germany, 
indicators like abundance (including algal blooms), 
species composition, and biomass are all likely can-
didates as metrics in a classifi cation system.

Hydromorphology
  

Classifi cation systems describing the physical and/
or the structural characteristics of running waters are 
only developed in Denmark and Germany, and to 
some extent in Sweden. However, at least the Danish 
Physical Index is not founded in true reference condi-
tions or is differentiated for each or the three defi ned 
running water types. The Danish index incorporates 
both reach-linked variables (occurrence of riffl es 
and pools, degree of meandering, occurrence of a 
natural stream profi le, width of the uncultivated zone 
along the stream) and site specifi c variables (occur-
rence of fast current, dead wood and macrophytes, 
coverage of stones, gravel, sand or mud).

For lakes and coastal waters, only Germany has 
so far considered using hydromorphological ele-
ments in the classifi cation (for coastal waters).

Physical-chemical indicators

A classifi cation using this kind of elements is used 
in running waters of Germany, Poland, and in Kalin-
ingrad, although the classifi cation was provided 
several years before the WFD was adopted in the 
European Community. 

Denmark has provided a classifi cation system for 
the two most dominant lakes according to the WFD, 
whereas pre-WRD classifi cation systems (or quality 
criteria) for lakes exist in Germany, Kaliningrad (i.e. 
Russia), Poland, and Sweden. Whereas the systems 
in Germany, Kaliningrad, and Poland include several 
variables, the Danish (and apparently also Swedish) 
classifi cation of lakes only includes total phospho-
rus.

For both running waters and lakes the quality cri-
teria for chemical substances, including nutrients, 
seem to vary signifi cantly among the partner coun-
tries, also for surface water types that may be com-
parable. As an example, good ecological quality in 
lakes described using mean concentration of total 
phosphorus seems to vary with a magnitude of eight 
between Denmark, Poland and Russia (from < 25-50 
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µg/l in Denmark, to < 250 µg/l in the Polish Water 
Quality Regulation of 1991, and even < 400 µg/l in 
the revised Polish water quality classifi cation system 
from 2004).

For coastal waters, only a few concrete sugges-
tions for classifi cation systems are available. One is 
in Sweden where classifi cation systems have been 
elaborated for nutrients, oxygen and Secchi depth. 
The other example, which is more an assessment 
system to distinguish between ‘good’ and ‘moder-
ate’ ecological status rather than a fully developed 
classifi cation system, has been worked out by Fyn 
County for Odense Fjord; it involves indicators like 
total nitrogen, and phosphorus as well as Secchi 
depth. 

4.4.2 Designation of water 
bodies

An important part of the WFD process is to designate 
water bodies to be classifi ed according to their eco-
logical status, and thus, being the basis for making 
a risk assessment and the following management 
plans and monitoring programmes.

The partner regions (except Kaliningrad that does 
not need to carry out this part of the project) have 
designated a considerably varying number of water 
bodies within their respective pilot areas (see Table 
4.4.2). Of course a major part of the difference is 

due to the size of the pilot areas that varies with a 
magnitude of almost twenty (284 to 5303 km2). Cor-
recting for differences in size, however, Fyn County, 
Schleswig-Holstein, and Laholm have designated 
0.302, 0.041, and 0.035 water bodies/km2 in running 
waters, respectively, whereas the number of water 
bodies in the regions of Gdansk and West Finland 
are only 0.012 and 0.001, respectively. Accordingly, 
although with a slightly less variation, the number of 
lake water bodies (per km2 pilot area) ranges with a 
magnitude of about four. Therefore, the main reason 
for the difference in water body number is that some 
partner countries like Poland and Finland have 
decided only to include relatively large water bodies 
in their Article 5 reporting (e.g. lakes with an area 
> 50 ha and rivers with a catchment > 1000 km2), 
whereas e.g. Denmark (and Fyn County in particular) 
also include relatively small water bodies (lakes > 5 
ha and streams with a catchments even below 5 km2 
in some cases).

All partner regions seem to aim at designating 
water bodies of the same type and overall status as 
presupposed in the directive. This is quite straight-
forward in lakes, where each lake may be designated 
as only one water body if the lake is not too big and 
heterogeneous. However, in running waters it is 
obvious that the number of potential water bodies 
depends on the heterogeneity of the stream reaches 
and not at least of the degree of detailed knowledge 
(i.e. the number of monitoring sites). Despite the 
relatively small size of streams included in the desig-
nation process, the mean length of water bodies in 

Table 4.4.2 
Summary of the desig-
nation of water bodies 
(WB), the identifi cation 
of heavily modifi ed 
water bodies (HMWB), 
and the identifi cation of 
artifi cial water bodies 
(AWB), respectively, 
carried out for riv-
ers, lakes and coastal 
waters within the Pilot 
River Basins of the 
BERNETcatch partner 
regions – except Ka-
liningrad that does not 
have to carry out a risk 
assessment.

Summary of the designation of water bodies in the BERNET Pilot Basins 

Category 
River 

Stensån 
(Laholm) 

River 
Odense 

(Fyn) 

Schlei-
Trave 

(Schleswig-
Holstein) 

River 
Pasleka 
(Gdansk) 

River Ma-
monovska 

(Kaliningrad) 

River 
 Kyrönjoki 

(West 
Finland) 

Rivers 10 316 217 28  5 
Lakes 4 14 46 14  01Number of 

Water bodies 
Coasts 1 3 24 24  1 
Rivers 0.04 0.30 0.04 0.01  <0.01 
Lakes 0.014 0.013 0.009 0.006  0 WB’s/km2

Coasts 0.035 0.029 0.045 0.0009  0.0006 
Rivers 0 57 6 0  40 
Lakes 0 1 52 0  0 

Heavily modi-
fied WB’s (%) 

Coasts 0 0 13 0  0 
Rivers 0 11 1 0  0 
Lakes 0 03 0 1  0 

Artificial WB’s 
(%)

Coasts 0 0 0 0  0 
Notes

1 Only lakes > 0.40 km2 considered 
2 Coastal lakes created by modification of former fjords etc. (by dams, sluices) 
3 Lakes created by excavation of stones, gravel and sand, or peat, are not regarded artificial, as they may 'behave' 

like natural lakes 
4 One of these – the “Vistula Lagoon” – is identified as a transitional water body 
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the pilot area of Fyn County is about 3 km, which is 
more than the lower limit recommended in the WFD 
guidelines.  

4.4.3 Heavily modifi ed and arti-
fi cial water bodies

Some partner regions have provided criteria for a 
preliminary identifi cation of heavily modifi ed water 
bodies (HMWB’s). However, these criteria vary con-
siderably (Table 4.4.2).

 Among the running waters of the pilot areas, Sch-
leswig-Holstein only identifi es water bodies impacted 
by shipping lanes (only 6 % of all water bodies) and 
awaits further studies before designating other pos-
sible HMWB’s. Fyn County, on the contrary, has 
identifi ed 57 % of the water bodies as heavily modi-
fi ed using a large variety of physical criteria (degree 
of piping/culverting, other kinds of modifi cation of the 
stream morphology, impoundments, water abstrac-
tion, stormwater outlets, and general physical prop-
erties according to the Danish Physical Index). In 
Finland two out of fi ve water bodies are identifi ed as 
heavily modifi ed (due to impoundments and regula-
tions of the fl ow), whereas no HMWB’s are identifi ed 
in the pilot areas of Gdansk and Laholm.

Regulation of the water level does occur in sev-
eral lakes – at least in the pilot areas of Fyn County 
and Schleswig-Holstein. However, the fl uctuations in 
water level are in general regarded as relatively insig-
nifi cant. Thus, only one lake is identifi ed as a HMWB 
in the pilot area of Fyn County (one example due to 
a signifi cant regulation of the water level). In the pilot 
area of Schleswig-Holstein, fi ve coastal lakes may be 
identifi ed as HMWB’s being former fjords now trans-
formed into lakes by damming, sluices etc. 

No lakes are identifi ed as artifi cial water bodies in 
any of the partner regions. This is either due to the 
fact that only large lakes are generally regarded in 
the WFD process by the partner regions (such large 
lakes are unlikely to be artifi cial), or in Fyn County 
because man-made lakes in practice behave quite 
like natural lakes.

In running waters, Fyn County has designated 14 
artifi cial water bodies in running waters, all being 
watercourses made for draining of reclaimed land 
where coastal waters or freshwater wetland formerly 
existed.  

For coastal waters, criteria like navigation and 
upkeep of shipping routes, coastal defence meas-

ures with a strong hydrologic or morphodynamic 
infl uence, and strongly modifi ed coastal strip with 
ports, industry, sheet piling, boardwalks reaching 
out from the coast, etc, may be used in Germany to 
defi ne heavily modifi ed water bodies. In addition to 
those, Danish criteria may further include land recla-
mation, often involving damming, draining and sluic-
ing activities, fairways and channels, and areas with 
former extraction of raw materials (e.g. stone fi shing 
or other activities).  

4.4.4 Risk assessment

In all partner regions (except Kaliningrad), the risk 
assessment was carried out in order to assess 
whether or not the water bodies may achieve at 
least ‘good’ ecological status by 2015, i.e. thereby 
taking into account if already planned measures to 
improve the ecological status (i.e. measures that are 
independent of the WFD) actually have the desired 
effect by 2015. 

An overview of the risk assessment carried in the 
pilot areas of the partner regions is given in Table 
4.4.3.

The metrics or criteria used in the assessment 
were generally rather simple, often being ‘old’ clas-
sifi cation systems (e.g. the saprobic system) and not 
necessarily ideal in the WFD process. Preliminary, 
but newly developed classifi cation systems using 
physico-chemical metrics have, however, been used 
in the assessment of the Laholm Bay in Sweden.

The metrics were in general of biological and/or 
chemical nature. In running waters macroinver-
tebrate indices were used in combination with a 
chemical (including specifi c pollutants) and physi-
cal assessments. In lakes chemical assessment 
prevailed; in Schleswig-Holstein supplemented by 
assessment using metrics for phytoplankton and 
submerged macrophytes. Pressures like landuse 
(liming, intensive farming) and signifi cant wastewater 
point sources were also included as an element in 
the assessment of lakes in Schleswig-Holstein and 
for running waters in Gdansk. 

The risk assessment carried out in the pilot area of 
Laholm differed considerable from that carried out in 
the other pilot areas. Thus, a wide variety of quality 
elements and criteria, including several metrics rep-
resenting so-called ‘naturalness’ according to the 
assessment system called ‘System Aqua’, was used 
for both watercourses and lakes. The System Aqua 
metrics included present physical changes, fl ood 
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control and/or regulation of water level, land use in 
surface water areas (incl. riparian areas), water qual-
ity, alien species, change in fl ora and fauna, and frag-
mentation. Three different approaches were used in 
the assessment. In one of these, only System Aqua 
was used and a mean value of the different metrics 
calculated and used in the assessment, although 
different results could be obtained using the ‘worst’ 
value among the different metrics instead. In the 
other two approaches, the lowest scoring quality 
criteria for fi sh and macroinvertebrates were used 
as the determining criteria in the overall assessment, 
whereas physical-chemical quality criteria and the 
worst hydromorphological indicator value (accord-
ing to System Aqua) were used only to support the 
distinction between good/moderate and high/good 
ecological status, respectively. Thus, the assess-
ment was carried out in three steps. The two last-
mentioned approaches differed from each other by 
their choice of biological criteria: either the ‘offi cial’ 

national criteria or those of System Aqua.
A regional procedure was developed for the 

assessment of the coastal part of the Odense Fjord 
pilot area. Besides the assessment, the procedure 
also provided a specifi c quantitative measure of 
the upper limit of an impacting factor (the nitrogen 
load) that should be met in order to reach at least 
‘good’ ecological status. It was based on the use of 
(site-specifi c) historical data of eelgrass depth limits 
from the beginning of the last century and empiri-
cal modelling of relationships between eelgrass 
depth limits and total nitrogen (and Secchi depth) 
from numerous Danish coastal areas. When com-
bined with a dynamic 3-dimensional fjord modelling 
running a range of scenarios with different nutrient 
loads (including an anticipated anthropogenic refer-
ence load), which established relationships between 
nitrogen load and fjord concentration, the com-
bined result was a necessary functional relationship 
between cause (nitrogen load) and effect/response 

Table 4.4.3 
Summary of the risk as-
sessment carried out in 
the Pilot River Basins of 
the BERNETcatch part-
ner regions – except 
Kaliningrad that does 
not have to carry out 
the assessment. The 
importance of physical 
impoverishment and 
insuffi cient water qual-
ity, respectively, are 
described semi-quanti-
tatively by: ++ (very im-
portant), + (important), 
and – (not important).

Summary of the risk assessment carried out in the BERNET Pilot River Basins 

Category 
River 

Stensån 
(Laholm) 

River 
Odense 

(Fyn) 

Schlei-
Trave 

(Schleswig-
Holstein) 

River 
Pasleka 
(Gdansk) 

River Ma-
monovska 

(Kaliningrad) 

River 
 Kyrön-

joki 
(West 

Finland) 

Rivers1 64 96 >96 79  79 

Lakes 50 712 743 50  -4

Present status: wa-
ter bodies with 
moderate – bad 
ecological status 
(%) Coasts 100 100 100 nd7  100 

Rivers1 64 96 96 0  56 

Lakes 50 712 743 76  -4

Water bodies at risk 
of not achieving at 
least good ecologi-
cal status by 2015 
(%) Coasts 100 100 100 100  100 

Rivers ++ ++ ++ -  ++ 

Lakes - - - -  -4At risk due to physi-
cal impoverishment 

Coasts - - - nd7  - 

Rivers ++ ++ + -  + 

Lakes ++ ++ ++ +5  -4At risk due to insuf-
ficient water quality 

Coasts ++ ++ ++ nd7  ++ 

Notes
1

%’s calculated on basis of water body length.
2 Additionally 15 % of the lakes are potentially at risk 
3 Additionally 17 % of the lakes are potentially at risk 
4 No lakes > 40 ha within the pilot area 
5 Only one lake that is impacted by wastewater (point source) 
6 Additionally 64 % are potentially at risk due to insufficient data 
7 nd: not determined. The two water bodies are considered to be potentially at risk due to lack of data 
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(eelgrass depth limit). It was for instance calculated 
that the nitrogen load should be about halved in 
order to meet the objectives. Obviously, an assess-
ment based on eelgrass depth limit and derived 
nitrogen concentrations and Secchi depths cannot 
stand alone.

In case data were not at available for a reliable 
assessment, the respective water bodies were either 
identifi ed as being at risk of failing good ecological 
status (‘the precaution principle’) or potentially at risk 
(lakes and coastal water bodies of the Gdansk pilot 
area). In the absence of an assessment system, the 
West Finland and Schleswig-Holstein coastal water 
bodies were considered to be at risk of not attain-
ing good status because of the pressure and impact 
from acidic loads (the West Finland pilot area) and 
nutrient loads (pilot areas of both West Finland and 
Schleswig-Holstein).

The overall risk assessment showed major differ-
ences regarding running waters and lakes. Thus in 
the pilot areas of Laholm, Fyn County and Schleswig-
Holstein, 60–96 % of the water bodies in running 
waters were assessed as being at risk of failing good 
ecological status, whereas none of the water bodies 
in the Gdansk pilot area were regarded as being at 
risk. The main reason for this difference is that the 
running waters in the pilot areas of Laholm, Fyn and 
Schleswig-Holstein are in general heavily physical 
deteriorated and that this defi cit must be overcome 
by WFD initiatives, whereas the watercourses of the 
Gdansk pilot area are primarily impacted by pollution 
which may be signifi cantly reduced due to already 
planned measures. Accordingly, 71-74 % of the lakes 
were assessed as being at risk in the pilot areas in Fyn 
County and Schleswig-Holstein, compared with only 
7 % in the Gdansk pilot catchment. This remarkable 
difference is primarily due the lack of data in Gdansk, 
and because the respective lakes only are regarded 
as being potentially at risk. An obvious alternative to 
this “classifi cation” would have been to place them 
among those at risk.

All coastal water bodies in the partner regions 
were considered to be at risk or potentially at risk of 
failing to attain good ecological status in 2015.
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5. Monitoring of surface waters

Table 5.0.1
Minimum monitoring 
frequency of quality 
elements according 
to WFD in rivers, lakes 
and coastal waters.

Introduction

Surveillance monitoring is used to describe the 
development of the ecological and chemical qual-
ity in a river basin. It is carried out using permanent 
measuring sites relatively far apart. The aim is mainly 
to (1) assess long-term natural changes, (2) assess 
long-term changes from extensive human use, (3) to 
supplement and validate the status assessments, 
and (4) plan effi cient future monitoring programmes.

The monitoring programme includes the biologi-
cal quality elements according to the WFD as well 

as physico-chemical elements, relevant and priority 
harmful substances and hydrological elements. The 
prescribed frequencies for these quality elements 
are listed in Table 5.0.1.

If surveillance monitoring shows up the assess-
ment good or high ecological status, surveillance 
monitoring is continued every 6 years onwards, 
because changes from human activity cannot be 
ruled out in most areas throughout Europe (WFD, 
Annex V, No. 1.3.1.). If the assessment from surveil-

Quality element Rivers Lakes Coastal waters 

Biological 

Phytoplankton 6 months 6 months 6 months 

Macrophytes 3 years 3 years 3 years 

Phytobenthos/Diatoms 3 years 3 years 3 years 

Macrozoobenthos 3 years 3 years 3 years 

Fish 3 years 3 years 

Hydromorphological 

Longitudinal connectivity 6 years  

Hydrological regime Continuously 1 month 

Morphology  6 years 6 years 6 years 

Physical-chemical 

Thermal conditions 3 months 3 months 3 months 

Oxygen content 3 months 3 months 3 months 

Salinity 3 months 3 months 

Nutrient status 3 months 3 months 3 months 

Acidification status 3 months 3 months 

Other pollutants 3 months 3 months 3 months 

Priority pollutants 1 months 1 months 1 months 



Landesam
Natur und Um

des Lan
Schleswig-Hols

Each 6
years

Phytoplankton
Macrophytes & Diatoms

Macrozoobenthos+

fish+

relevant pollutants, priority
substances

chem.-physical parameter
hydrology / morphology

Large lakes with a water
surface area >10 km² (all in
moderate status at present)

(n=4)

Lakes in very good or
good status (n=4)

If impacts of
anthropogenic
activities are

expected:
interval each 6

y; otherwise
not later than

each 18 y

• Lakes in a very good or good status
• Large lakes and reservoirs with a water surface

area >10 km²

operational
monitoring

Surveillance monitoring

Assessment of the ecological status
(or ecological potential)

Continuous long-term 
monitoring

+ if assessment systems will be
developed

� Assessment of long-term changes due to natural
conditions

� Assessment of long-term changes due to
anthropogenic activities
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Figure 5.0.1 
Example for a concept 
on surveillance monito-
ring for lakes (Schles-
wig-Holstein)

lance monitoring indicates moderate status for water 
bodies, the quality of those water bodies has to be 
improved by measures and the water bodies will be 
included into the operational or investigative moni-
toring. An example of a surveillance monitoring pro-
gram is described in Figure 5.0.1.

The aim of operational monitoring is to validate 
the results of the water bodies’ status and to assess 
the effects of the measures carried out to improve 
ecological status. Operational monitoring will there-
fore include water bodies, which probably have mod-

erate or worse status, where measures are being 
initiated, which are part of a Natura 2000-area, and 
which do not comply with the environmental objec-
tives for protected areas according to Art. 4 WFD. 
The monitoring stations may change depending on 
the development of a water body and the implemen-
tation of measures. Representative monitoring can 
be applied, i.e. it is not necessary to monitor each 
water body, but to monitor representants of desig-
nated water body groups. Furthermore water bodies 
may be included into the operational monitoring 



Assessment of ecological conditions

Call for action

in surveillance
monitoring

Measure concept

(a) all water bodies with saprobic pollution
(b) all water bodies with relevant and priority substances
(c) representative water bodies with hydromorphological

impairments

Significant
sites from
surveillance
monitoring

• indicative communities - depending on type of
pressure and suitability for control of success

• prioritity substances

� Control of efficiency of measures

Validation of
risk assessment (2005-2008)

 for (a) and (c): indicative communities
for (b) relevant and priority substances

� Verifying data
� Eliminate data deficits
� Plan of spatial monitoring network

Continuous operational monitoring
and control of success

Operational monitoring

Reason for exceedences
is unknown

Clear reason for impairments
Investigative
monitoring

Implementation of monitoring network
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because of being a part of the Natura 2000-areas to 
achieve synergy in monitoring for both Directives. 

The fi rst phase of the operational monitoring (till 
2008) will be used to validate the results of the status 
reports by using indicative quality elements. If this 
outcome reveals good status for water bodies, fur-
ther quality elements will be assessed. If the water 
body is assessed as good using all quality elements, 
operational will change to surveillance monitoring. If 
the water body is assessed to be in a moderate or 
poor status, measures need to be taken to enable 

the development into a good status. An example 
for an operational monitoring program is shown in 
Figure 5.0.2.

The investigative monitoring is applied when 
the ecological status of a water body is assessed 
as moderate or worse and the causes are not read-
ily found in one or more pressure sources. Further 
biological quality elements, hydromorphology and 
physico-chemical parameters can be included. 

Investigative monitoring is meant as an addi-
tion to operational monitoring. The measuring pro-

Figure 5.0.2.
Example for a concept 
on operational moni-
toring for rivers (Sch-
leswig-Holstein)
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gramme must be adapted to the special questions 
arising from the individual ecological and pressure 
situation of a water body in regard to the frequency 
and the choice of elements to be measured. Pos-
sible examples may be the loads from an infl ow or 
diffuse sources in agriculture. It may be necessary 
to establish new measuring points close to arable 
land on the waterbodies’ shoreline to fi nd sources of 
pesticides. It may also be necessary to monitor after 
special events, for example precipitation.

5.1 Rivers

5.1.1 Fyn County 

The Danish Environmental Research Institute is pre-
paring a national monitoring programme (DEVANO) 
as a supplement to the National Monitoring Pro-
gramme for the Aquatic Environment and the Ter-
restrial Nature (NOVANA). Together, these two 
programmes may be regarded as the monitoring ele-
ment in implementation of WFD in Denmark. The total 
economical frame for DEVANO is fi xed by the Danish 
Government to about 5 million EURO yearly for run-
ning waters, lakes, coastal waters, and groundwater. 
This is in our opinion far from enough. Thus, we have 
estimated that such a programme should rather be 
in the magnitude of 20 million EURO – i.e. about the 
size of the present NOVANA.

In the absence of a National WFD monitoring pro-
gramme, Fyn County has – in order to carry out the 
present BERNETcatch project - suggested a moni-
toring programme for the Odense Fjord Pilot River 
Basin. This programme are in no way politically 
approved, but should be regarded as an inspiration 
for future programmes on the regional as well as on 
the national (or even international) level.

According to the Danish national guidelines, only 
running waters that are assigned a specifi c objective 
in the Regional Plans are considered when imple-
menting the WFD and, thus, should also be included 
in future monitoring programmes. In practice and 
according to the Regional Plan for Fyn County, this 
includes almost every watercourse within the Odense 
Pilot River Basin (OPRB). 

5.1.1.1 Surveillance monitoring 

Selection of water bodies and parameters
Surveillance monitoring has to be carried out in water 
bodies which (a) at present have a good or high eco-
logical status and/or (b) are representative for the 
running water types. This means that a surveillance 
monitoring network in practice contains monitoring 
sites within water bodies that has either good/high 
or moderate/poor/bad ecological status.

In Denmark, the “National Monitoring Programme 
for the Aquatic Environment and the Terrestrial 
Nature” (NOVANA) has been established from 2004 
and is expected to run for at least a 6-year period. 
This programme is designed to represent at least 
the surveillance monitoring. Thus, the monitoring 
sites defi ned in the programme are (from the national 
authorities’ point of view) claimed to be representa-
tive. An analysis carried out by Fyn County shows, 
however, that this is not truly the case in running 
waters, as sites in type 1 streams are signifi cantly 
underrepresented, whereas sites in type 2 and 3 
streams are accordingly overrepresented. Further-
more, the total number of NOVANA monitoring sites 
within the OPRB is only 22 (each representing one 
water body), and only two of these may comply with 
good or high ecological status. Moreover, the fre-
quencies and intervals of the NOVANA programme 
only fulfi l the WFD demands (presented in Table 
5.1.1) for about half of the sites. 

Thus, in order to establish a representative net of 
surveillance monitoring sites, the NOVANA network 
must be supplemented. According to Table 4.1.5 
only 4% of the total watercourse length (equivalent to 
approx. 40 km and to water bodies) within the OPRB 
have good or high ecological status. All these water 
bodies are candidates for surveillance monitoring as 
are a subsample of the water bodies that have only 
moderate or worse ecological status.

We recommend that a total of 40 running water 
sites are included in the OPRB surveillance monitor-
ing network. Only 4-5 of these must have good or 
high ecological status. This means that the NOVANA 
sites are supplemented by a total of 18 new sites. 

As proposed in the WFD, the monitoring pro-
gramme includes several biocoenoses as well as 
physico-chemical elements, specifi c pollutants (pri-
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ority substances and others harmful substances, if 
they are being discharged into the water bodies), 
and hydromorphological elements.

Fyn County suggests, however, some deviations 
from the monitoring frequencies stated in the WFD 
and may follow the frequencies shown in Table 
5.1.1.

Phytoplankton is not monitored as it is generally 
unimportant in the relatively small Danish streams 
and rivers. Thus, it may only be of importance down-
stream lake outlets.

There has been no tradition for monitoring phyto-
benthos in Danish running waters, except for moni-
toring of fi lamentous algae during the fi rst national 
monitoring programme that was established in rela-
tion to the Action Plan for the Aquatic Environment I 
(during 1989-1997). On a national scale, it was con-
cluded then that mass development of fi lamentous 
algae occurred rather infrequently, and it was not 

very well correlated with water quality (phosphorus). 
However, data from Fyn County showed that cov-
erage of Cladophora was signifi cantly correlated to 
PO4-P and to the occurrence of pulses of pesticides 
eliminating invertebrates that graze on early stages of 
the algae. Further, the abundance of the algae was 
correlated to current speed and substrate. Anyway, 
it is argued that species composition of other ben-
thic algae – diatoms – may well be correlated with 
phosphorus concentration, but this parameter may 
easily be monitored directly.

There has so far been no general tradition for 
measuring oxygen content in national or regional 
monitoring programmes, although oxygen is an 
important environmental factor. One reason is that 
oxygen should be monitored continuously in order 
to describe the critical minimum concentration and 
the duration of low oxygen contents. And continu-
ous monitoring of oxygen has been very diffi cult and 

Quality element Frequency Interval 

Biological 

Phytoplankton - (2x /year) - (every year) 

Macrophytes 1x /year every 3 years 

Phytobenthos/Diatoms - - 

Macrozoobenthos 1x /year every 3 years 

Fish 1x /year every 3 years 

Hydromorphological 

Hydrological regime Continuously* every year 

River continuity 1x /year every 6 years 

Morphology 1x /year every 6 years 

Physical-chemical 

Thermal conditions 4x /year every year 

Oxygenation 4x /year every year 

Salinity 4x /year every year 

Organic matter, nutrient status 4x /year every year 

Acidification status 4x /year every year 

Other pollutants 4x /year on demand 

Priority pollutants 12x /year  on demand 

* only water bodies with a catchment >100 km2

Table 5.1.1  
Quality elements and 
measuring frequen-
cies for surveillance 
monitoring in running 
waters in Fyn County. 
Where deviations from 
the frequencies stated 
in the WFD occur, the 
WFD frequencies are 
shown in ( ).
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time-consuming. Despite of this, continuous meas-
urements have been carried out in connection with 
fi sh farms, but only during short campaigns. It may 
be suggested that future monitoring includes con-
tinuous recording of oxygen during campaigns of 1-
few day’s duration.

Frequencies for physico-chemical and hydro-
morphological monitoring
The programme closely follows the minimum recom-
mendations of WFD, Annex 5 (paragraph 1.3.4). 

Frequencies for biological monitoring
The programme closely follows the minimum recom-
mendations of WFD, Annex 5 (paragraph 1.3.4).

Sampling and monitoring procedures
Sampling and monitoring is carried according to 
the procedures described in Mortensen & Geertz-
Hansen (1996), Kronvang et al. (1999), Anonym 
(2003), and Pedersen & Baattrup-Pedersen (eds.) 
(2003).

5.1.1.2 Operational monitoring

Operational monitoring focuses on (a) water bodies 
which have moderate or worse status, (b) water 
bodies at which action plans are being initiated, and 
(c) water bodies which are part of a Natura 2000-
area (and do not comply with the objectives for pro-
tected areas according to the Habitat Directive). The 
operational monitoring network therefore depends 
on the further development of the water quality and 
the implementation of measures. 

The selection of water bodies for operational mon-
itoring is based on the preliminary risk assessment 
(see chapter 4.1.1). Where water bodies have been 
classifi ed according to physical and biological data 
from monitoring sites, the selection is regarded reli-
able, and there is probably no need for a renewed 
validation of the status assessment. However, the 
status is unknown for 175 water bodies (equivalent 
to 323 km). It is recommended that the ecological 
status of these water bodies is assessed during the 
next two years.

However, assuming that all these 175 ‘unknown’ 
water bodies do not comply with good or high eco-
logical status (which is highly probable), 301 water 
bodies within the OPRB may be included in the 
operational monitoring from 2009 onwards. Just 20 
of these are – as already mentioned - included in the 

NOVANA ‘stream-ecological’ programme. However, 
they are according to subchapter 5.1.1.1 designated 
as part of the surveillance monitoring programme.

The monitoring programme is relatively time-con-
suming, even if only the most relevant and indicative 
biological quality elements are selected. Therefore, 
it may be feasible and acceptable to monitor a rep-
resentative subset of the 301 water bodies. As sug-
gested previously in this chapter, a representative 
subset containing approximately 15 % of all water 
bodies may be suffi cient. However, it may be opti-
mal to include a relatively higher percentage of water 
bodies representing the more scarcely represented 
type 2 and 3 streams (in case 30 % and 70 %, 
respectively) than of type 1 streams. 

Based on these assumptions a total of 65 run-
ning water sites should be included in the OPRB 
operational monitoring network: 47 sites in type 1 
streams, 17 sites in type 2 streams, and 4 sites in 
type 3 streams. However, as type 3 streams are rep-
resented by River Odense, that are predominantly 
designated as a special protected area according to 
the Habitat Directive, there is a need for additional 
monitoring sites here. Thus, the total number of 
monitoring sites in type 3 streams should be at least 
11, resulting in a total of 70 sites in the operational 
monitoring network for all types included.

Presupposing that an average of 1.5 monitor-
ing sites is necessary in order to describe an aver-
age water body (i.e. 2 sites per average water body 
having a length of approx. 3 km), the total number of 
monitored water bodies may be about 50.

A possible general programme for operational 
monitoring (GOM) is presented in Table 5.1.2. This 
programme is based on the principles of the NOVANA 
‘stream-ecological’ programme, although monitoring 
of vegetation in the riparian zone is excluded in the 
WFD programme. However, the programme should 
also include an additional monitoring of species on 
the Habitat Directive (in case the Annex IV) that are 
not included in the NOVANA ‘stream-ecological’ 
programme. This particularly relates to the mussel 
Unio crassus in River Odense Å and its tributaries, 
whereas two other species, Cobitis taenia and Lam-
petra planeri are in theory included in the NOVANA 
‘stream-ecological’ programme.

Since 1988 the ecological quality (based on 
Danish Stream Fauna Index, DSFI, or an equiva-
lent method) has been monitored yearly at about 
900 relatively representative running water sites (the 
smallest streams are somewhat underrepresented). 
This programme is used as a template for the imple-
mentation of improved wastewater treatment at 
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scattered homes in rural areas. Thus according to 
The Regional Planning, if DSFI during a 5-year period 
shows an unacceptable quality at a certain stream 
site, then all scattered homes within the respective 
catchment must establish an improved wastewater 
treatment. The Regional Plan recommends dead-
lines for implementing this improved wastewater 
treatment. However, it is up to the Municipalities to 
carry out the detailed planning of this, and thereby 
to approve legally binding deadlines for the owners 
of the scattered homes to follow. It is expected that 
improved wastewater treatment is generally imple-
mented before 2009. Therefore, this ‘special oper-
ational monitoring programme’ may only run until 
2009. 

Monitoring and modelling development in 
pressures
The water quality of the stream water bodies depends 
mainly on organic matter, nutrients and other pollut-
ants discharged from municipal wastewater treat-
ment plants, from the sewage systems during storm 
water events, and from scattered homes in rural 
areas, and additionally the water quality depends on 
leakage of nutrients and pesticides from the agricul-
tural sector. 

Discharges from wastewater treatment plants are 
estimated by the control programme carried out 
by the municipalities themselves (until 2007supple-
mented by control carried out by Fyn County).

There is not yet any general programme for moni-

Quality element Frequency Interval 

Biological 

Phytoplankton - - 

Macrophytes 1x /year every 3 years 

Phytobenthos/Diatoms - - 

Macrozoobenthos 1x /year every 3 years 

Fish 1x /year every 3 years 

Hydromorphological 

Hydrological regime Continuously* - 

River continuity 1x /year every 6 years 

Morphology 1x /year every 3 years 

Physical-chemical 

Thermal conditions - - 

Oxygenation - - 

Salinity - - 

Organic matter, nutrient status 4x /year every 3 year 

Acidification status - - 

Other pollutants 4x /year on demand 

Priority pollutants 4x /year on demand 

* Only water bodies with recognised problems. 

Table 5.1.2 
Quality elements and 
measuring frequencies 
for general operational 
monitoring (GOM) in 
running waters in Fyn 
County.
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toring storm water events and discharges from scat-
tered homes. Especially the impact from scattered 
homes is extremely diffi cult to monitor in general, as 
the discharge from a given house may or may not 
reach the stream, e.g. depending on the character, 
position and quality of the sewage system, and the 
location of the house. Therefore, the impact of these 
pressures may only to some degree be estimated 
using empiric data.

The impact of nutrients on streams may be esti-
mated using the data that arise from the monitor-
ing of the impact on lakes and coastal waters (see 
Chapters 5.2.1.2 and 5.3.1.2, respectively).

There is not yet any general programme for moni-
toring leakage of pesticides from the agricultural 
sector, although models are being developed in rela-
tion to running, and nationally supported, research 
projects.

The physical qualities of running waters is highly 
affected by the ongoing management that aims at 
facilitating farming by increasing the speed at which 
the surplus drainage run-off is transported through 
the streams. In recent years, however, management 
is changed in a more and more environmentally 
friendly direction, although even this has a signifi cant 
impact on the physical properties of the streams and 
on the composition of macrophytes, promoting spe-
cies that tolerate and benefi t from weed cutting. The 
practical management may be documented by the 
so-called management regulatives that the manag-
ing authorities have to prepare.

 

Monitoring effects of measures within water 
bodies
The water bodies are monitored from 2009 to control 
the effects of measures that are being taken. Con-
trolling the success of measures may be achieved 
by monitoring at relatively long intervals due to the 
slow response time of some of the quality elements. 
In the NOVANA ‘stream-ecological’ programme the 
intervals for monitoring macrophytes, macroinver-
tebrates, fi sh, as well as chemistry varies between 
every 3 years (5 sites) and every 6 years (15 sites).

In general, Fyn County aim at an interval of every 
3 years.

Further, the biological quality elements macro-
phytes, macroinvertebrates and fi sh is chosen for 
monitoring the effects of measures. Thus, they all 
respond to physical pressures and (to some extent) 
to the chemical quality. Generally, it is not planned 
to monitor temperature, oxygen, salinity or acidity as 

these factors are not expected to represent a bio-
logical problem. 

Sampling and monitoring procedures
Sampling and monitoring may in principle be car-
ried out according to the procedures described in 
Mortensen & Geertz-Hansen (1996), Kronvang et al. 
(1999), Anonym (2003), and Pedersen & Baattrup-
Pedersen (eds.) (2003), although some deviations is 
expected. For example, macrophytes may be moni-
tored using a less time-consuming method and only 
carried out within the watercourses, thus neglecting 
the riparian areas that are monitored in NOVANA.

5.1.1.3 Investigative monitoring

If the ecological status of a water body is assessed 
as moderate or worse and the causes are not clearly 
found in one or more pressure sources, further bio-
coenoses as well as more elements such as hydro-
morphology (sediments), hydrological regime, and 
physico-chemical parameters must be included in 
an investigative monitoring program. Thus, investi-
gative monitoring is meant as a supplement to the 
operational monitoring. The frequency and selection 
of quality elements for this program must be adapted 
to the special questions arising from the individual 
ecological and pressure situation of a water body.

No water bodies within the OPRB are at present 
obvious candidates for this type of monitoring.

5.1.2 West Finland 

5.1.2.1 Design of surveillance moni-
toring

Selection of water bodies
The surveillance monitoring of River Kyrönjoki could 
be based on the national monitoring programmes, 
e.g. the Finnish Eurowaternet network (including 
large lakes, international waters, extensive anthropo-
genic changes, and water bodies in a near natural 
state). In the river Kyrönjoki there are fi ve Eurowa-
ternet river stations (two representative stations, 
two impacted stations and one fl ux station). Natura 
areas, other protected areas and monitoring of the 
Habitats Directive should also be considered. 

The tributaries Kauhajoki and Jalasjoki are consid-
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ered not to be under heavy anthropogenic impact 
and therefore could be included in the surveillance 
monitoring (Figure 5.1.1). The tributary Seinäjoki 
and the upper part of the river Kyrönjoki are heavily 
modifi ed. The lower and middle part of river Kyrön-
joki have signifi cant biological change and change in 
water quality.

Elements and frequencies for monitoring
Surveillance monitoring should be undertaken at 
least for a period of one year during a river basin 
management plan. Parameters indicative of all bio-
logical, hydromorphological and general physico-
chemical quality elements should be monitored. 
Physico-chemical quality elements will probably be 
monitored several times per year. 

Algal blooms are monitored annually in a national 
network and one of these monitoring stations is in 
the lower part of river Kyrönjoki. Monitoring of fi sh is 
managed by Finnish Game and Fisheries Research 
Institute (RKTL) and Employment and Economic 
Development Centres (T&E centres). 

There is an extensive network for hydrological 
monitoring consisting of automatic stations register-
ing the observations of fl ow, temperature, conductiv-
ity and pH in different parts of river Kyrönjoki. The 
Eurowaternet river network includes monitoring of 
chemical quality factors, bacteria, chlorophyll-a and 
a number of pollutants. 

5.1.2.2 Design of operational moni-
toring

Improvement of existing monitoring 
According to investigations made by the Finnish 
Environmental administration the operational moni-
toring might be based on obligatory controls. These 
controls are concentrated to impacted areas with 
decreased ecological status caused by different 
kinds of pressures. The existing monitoring should 
be improved by additional monitoring in areas with 
diffuse loading. This kind of monitoring should be 
focused on the impact of diffuse loading and assess-
ment of measures. 

The present obligatory monitoring in the river 
Kyrönjoki is mainly focused on impact from water 
constructions and pollution from sewage treatment 
plants. Other pressures in river Kyrönjoki are pollu-
tion from peat production, municipal waste disposal 
areas, diffuse source loading and acidifi cation from 
soil. 

Quality elements
The present monitoring of impact from water con-
struction and regulation is shown in table 5.1.3. The 
obligatory controls of sewage treatment plants (fi sh, 
physico-chemical elements) are not included in the 
table.

Quality element WFD River Kyrönjoki 

Frequency Monitoring 

stations 

Frequency 

Biological    

Phytoplankton 6 months   

Other aquatic flora 3 years 4 areas every 2-3 years 

Heavy metals in mosses  6 every year 

Macro invertebrates 3 years 6 every 2 years 

Fish 3 years 20 every year – 2 years 

Hydromorphological    

Continuity 6 years   

Hydrology continuous   

Morphology 6 years   

Physico-chemical 1-3 months 9 every 2-4 months 

Table 5.1.3 
Surveillance and op-
erational monitoring 
in rivers according to 
WFD and the present 
monitoring of impact 
from water construction 
and regulation in river 
Kyrönjoki.
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Figure 5.1.1
Areas belonging to the 
Natura network and as-
sessed water bodies of 
River Kyrönjoki.
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Monitoring stations
Based on the assessment of water bodies accord-
ing to the Article 5 report, there are three parts of the 
river Kyrönjoki that are being at risk of failing to meet 
their environmental objectives; lower and middle part 
of the river Kyrönjoki, upper part of the river Kyrönjoki 
and Seinäjoki tributary. Monitoring stations for oper-
ational monitoring could be situated in these areas. 

Priority substances
The most important priority substances in the area 
of West Finland river basin district are nickel, cad-
mium, led and mercury. Other important pollutants in 
the area are suspended elements, CODCr, sulphate, 
aluminium and zinc. The polluting substances should 
be monitored in those waterbodies into which these 
substances are discharged.

5.1.2.3 Investigative monitoring

Investigative monitoring should be carried out when 
the reason for any exceedance is unknown and in 
case of accidental pollution. 

Testing of biological elements for developing clas-
sifi cation and monitoring have been carried out in 
river Kyrönjoki and other rivers in the area of West 
Finland. Sampling of heavy metals, benthic fauna 
and fi sh in seven rivers of the area provides data for 
both the development of classifi cation and monitor-
ing. Stations for intercalibration, regional monitor-
ing and national monitoring are included. Biological 
monitoring take place also at a number of automatic 
sampling stations. There have been tests on fi sh 
egg, Sphaerium-mussels, water hog-louse (Asellus 
aquaticus) and lampreys.

5.1.3 Schleswig-Holstein 

5.1.3.1 Surveillance Monitoring

Selection of water bodies
Surveillance monitoring is carried out at LAWA-
chemical and washload monitoring stations as well 
as one monitoring station in the Eider transitional 
water. In addition to that, those water bodies which 
are anticipated to have good ecological quality will 
be included in surveillance monitoring in order to 

monitor long-term natural and man-made changes. 
All quality elements are monitored. If the water body 
is found to have good or high ecological quality, 
the next assessment will be carried out in six years 
time.

Additional macrozoobenthos monitoring in 
upstream water bodies
The basic monitoring as assumed by the WFD with 
a single monitoring every three years will not be suf-
fi cient to detect possible deterioration in time to take 
countermeasures. Current research shows a partly 
very high load of pesticides in two thirds of all moni-
tored watercourses. Effects on river fauna especially 
in water bodies with good ecological quality must be 
monitored. The very few potentially high quality water 
bodies also need to be monitored. A recolonization 
of biota in water bodies with a potential for improve-
ment can be only realised from the high quality water 
bodies. Many of these high quality water bodies are 
small and part of the so-called reduced watercourse 
network. Therefore the programme „Bewertung von 
Fließgewässern anhand des ökologischen Bewer-
tungsrahmens“ which has been established 12 years 
ago will be continued in a slightly reduced form to 
continue assessing watercourses based on mac-
rozoobenthos species lists. This will allow detailed 
descriptions of rare macrozoobenthos distribution 
patterns. It is anticipated that 600 monitoring stations 
Schleswig-Holstein-wide will be monitored within the 
next decade at an average of 60 per year. This allows 
the continuation of test series and establishment of 
long-term trends. 

Frequencies for physico-chemical and hydro-
morphological monitoring
Physico-chemical and chemical quality elements will 
be monitored for long-term development 26 times 
annually, specifi c pollutants which are discharged 
in signifi cant amounts or priority substances will be 
monitored 13 times annually. (Table 5.1.4). Hydro-
morphological monitoring is carried out continu-
ously. Morphology will be assessed once within six 
years and continuously updated. 

The variations in pesticide content can only be 
monitored during the application phase. A coordina-
tion with precipitation is also necessary to monitor 
the toxicologically effective maximum concentra-
tions.
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Additional frequencies for chemical monitor-
ing 
Experiences by LAWA and international commis-
sions on the protection of transboundary rivers from 
the past 20 years show that long-term trends in 
chemical and physico-chemical elements for sub-
stance concentrations and freight which are part of 
the surveillance monitoring will not be possible with 
only four samples taken every six years. The scien-
tifi cally based minimum requirements on confi dence 
and precision in monitoring have been stated in 
the LAWA-Empfehlungen „Fließgewässer der Bun-
desrepublik Deutschland, Empfehlungen für die 
regelmäßige Untersuchung der Beschaffenheit der 
Fließgewässer, LAWA-Untersuchungsprogramm“. 
Based on these advisory texts seasonal variations 
will be monitored as well making it compatible with 
requirements stated in the WFD. 

Frequencies for biological monitoring
Macrozoobenthos, Macrophytes/Phytobenthos and 
Phytoplankton are monitored every three years or 
twice within a management period. Water bodies 
are monitored for Phytoplankton between April and 

October every month if they have the appropriate 
residence time or a minimum content of 20 mg/l 
Chlorophyll a. 

Spatial spreading of monitoring stations
The choice of sites for physico-chemical and chemi-
cal surveillance monitoring stations on watercourses 
is geared to the different requirements. The WFD 
demands monitoring stations at water bodies where 
the rate of water fl ow is signifi cant within the river 
basin district. Monitoring stations will be established 
at these sites on important water bodies to reveal 
long-term trends and enable freight calculations. 

Usually monitoring stations for chemical quality 
elements are established at the mouth of larger river 
basins and therefore represent all relevant chemical 
input into the river basin, whereas biological elements 
are usually monitored closer to the upper stretches 
of river basins. 

Another requirement on surveillance monitoring 
includes monitoring signifi cant water bodies crossing 
a Member State boundary as well as rivers discharg-
ing into the marine environment and thereby using 
concentrations and rates of water fl ow to estimate 

Quality element Frequency Interval 

Biological 

Phytoplankton 6 * /year  every 3 years 

Phytobenthos 2*/year every 3 years 

Macrophytes 1*/year every 3 years 

Macrozoobenthos once per year every 3 years 

Fish once or twice per year every 2 years 

Hydromorphological 

Hydrology continuously continuously 

Morphology once per year every 6 years 

Physico-chemical 

Physical 26 x per year continuously 

chemical 26 x per year continuously 

Other pollutants 13 x per year continuously 

Priority pollutants 13 x per year continuously 

Table 5.1.4 
Monitoring frequency 
of biological and sup-
porting components 
according to LAWA 
recommendations in 
Germany (LAWA 2005) 
and approaches by 
Schleswig-Holstein.
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the pollutant load. The only larger water body in Sch-
leswig-Holstein crossing into a Member State is the 
Krusau, which partly constitutes the border between 
Germany and Denmark and fl ows into Flensburg 
Fjord. Since 1998 Denmark has carried out the mon-
itoring by mutual agreement. 

From 2007/2008 onwards it is anticipated to 
monitor 34 water bodies in the surveillance monitor-
ing programme based on the WFD. Water bodies 
assessed as good ecological quality should be indi-
vidually assessed if the rate of water fl ow can be reli-
ably monitored using the existing gauges or if new 
ones must be installed. 

An additional 60 monitoring stations will see Mac-
rozoobenthos monitoring following the guidelines of 
the Schleswig-Holstein internal assessment system 
with the stations being changed annually. 

According to the WFD the aims for protected areas 
should be achieved by 2015 (Article 4c). For des-
ignated FFH areas this means that independent of 
their size they must achieve the water quality based 
aims for good ecological quality. When these are 
achieved, areas will be included in surveillance moni-
toring. Current status however suggests that none of 
the FFH water bodies have good ecological quality 
at present. 

5.1.3.2 Operational Monitoring

Rationale of operational monitoring in Sch-
leswig-Holstein
Operational monitoring is divided into three parts: (a) 
validation of status assessments, (b) ongoing opera-
tional monitoring of water bodies at risk or in less 
than good ecological quality and (c) assessment of 
measures.

Operational monitoring will focus representatively 
for those water bodies not achieving the aim of a 
good ecological status due to substances or hydro-
morphological defi cits. If monitoring results after a 
programme of measures show good ecological qual-
ity of the relevant water body they will be included in 
surveillance monitoring in a suitable way, for example 
with a reduced sampling frequency. The monitoring 
of aquatic Natura 2000 areas and aquatic species 
will be included into the operational monitoring.

Validation of status assessments
The fi rst validation phase will be carried out until 
2007. One third of all water bodies will be investigated 
in this period. Especially biocoenoses indicative of 

pressures will be considered. For hydromorphol-
ogy and reduced water quality these will be fi sh and 
macrozoobenthos. For some watercourses still to be 
named macrophytes and phytobenthos and in some 
cases phytoplankton will be used for the assess-
ment. In this fi rst phase a total of 180 water bodies 
will be validated. Water bodies will be prorated by 
type and into three years resulting in 60 water bodies 
being monitored annually. Some large water bodies 
with several tributaries will need to be monitored at 
several stations for validation, making the expected 
volume of the monitoring programme about 90 sta-
tions annually. The number of samples may rise, if 
- contrary to the current practise - macrozoobenthos 
will have to be monitored more than once annually.

The second validation phase will continue in 2009 
and 2010. A further third of water bodies will be mon-
itored in these period. The third phase in 2012 and 
2013 will be used to monitor the last third of water 
bodies resulting in every water body being moni-
tored at least once in the coming ten years.

Results from chemical monitoring and structural 
quality assessments will be considered in the consti-
tution of the operational monitoring network.

Ongoing operational monitoring
In the operational monitoring programme, fi rst, water 
bodies with defi cits due to point source discharges 
will be included and, second, representative surveys 
will be made of those with structural defi cits or dif-
fuse sources. 

Chemical assessment will include substances 
where aims or environmental quality norms are 
exceeded. Only those substances are sampled for 
which there are indications that they are currently 
being discharged or leached from diffuse sources. 
This is set apart from sites with longstanding pol-
lution which are ubiquitous, for example the long 
banned but persistent insecticides Lindan, DDT 
and PCB, which are present in many watercourses 
in Schleswig-Holstein but which need not be moni-
tored time and again at known sites. 

All water bodies in a river basin will be monitored 
for priority substances where such substances have 
been detected. In addition to the programmes of 
measures, monitoring stations will be established at 
the relevant water bodies. Numbers of monitoring 
stations and sampled parameters will be focussed 
on the measures undertaken and will be individually 
chosen. 

Frequencies of sampling for physico-chemical and 
chemical quality elements will be carried out simi-
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lar to surveillance monitoring but will be adapted to 
individual necessities, either reducing or increasing 
them. Specifi c pollutants and priority substances 
will be sampled in coordination with relevant events, 
e.g., industrial chemicals from dischargers in rela-
tion to the emission and pesticides from agriculture 
in relation to precipitation to include runoff, drainage 
and outlets of rainwater canals.

Monitoring stations within the water bodies and 
–groups included are fl exible in time and space to 
allow for a better detection of pressure sources. They 
will be established upstream and downstream of 
point sources as well as in parts of the water course 
chosen for different uses which may point to diffuse 
sources. The smallest size of a sub-basin monitored 
will usually be ten square kilometres. 

Water bodies contained in the biological opera-
tional monitoring will be monitored every three years. 
The assessment will focus on the most indicative 
quality element, for example using macrozoobenthos 
and fi sh for water bodies with defi cits in hydromor-
phological elements. 

It is anticipated that operational monitoring for bio-
logical assessment will be carried out at 180 sites 
or 60 annually, and 200 for chemical assessment. 
It will not be necessary to carry out biological and 
chemical assessment at the same water body during 
the same year. For hydromorphological elements the 
long-term aim is to include all water bodies in the 
mapping process.

Monitoring programmes of measures
If measures taken at water bodies are to be improved 
for ecological effi ciency biological monitoring must 
be carried out before and after such a measure. As 
it is still unclear how many programmes of measures 
will be undertaken in the coming years, the number 
here is a rough estimate. At least 10 measures per 
river basin are planned to be biologically monitored 
annually. For chemical monitoring, operational moni-
toring will be carried out following the programme of 
measures. 

5.1.3.2 Investigative Monitoring

Chemical investigative monitoring
Chemical monitoring stations for investigative moni-
toring will be established within water bodies at risk 
as well as in neighbouring water bodies. For point 
sources of pollutants monitoring stations will be 
placed above and below the anticipated discharge 

point. Spot samples as well as mixed samples will 
be taken to show the development of the pollutant 
over time. Frequencies will be adapted to the situa-
tion and task-oriented. 

Pressures on a water body from diffuse sources 
will be monitored by taking spot and mixed samples 
at suitable points as well. Profi les along the length 
of a watercourse will help to identify sources of pol-
lutants. 

One example for investigative monitoring will be 
carried out at water bodies in operational or surveil-
lance monitoring showing pesticide pollution. If point 
sources from either industry or accidents during 
transport can be excluded it must be deducted that 
the pollutants enter lakes and watercourses from 
unsuitable application in agriculture. 

To fi nd the sources of pesticide pollution samples 
must be taken during precipitation because runoff, 
drainage, discharges from waste water treatment 
plants and from precipitation are the main sources. 
Some hours or at most one or two days after strong 
precipitation (for example more than 15 mm during a 
day) samples will be taken in and above the relevant 
water body. Residence time of wastewater depends 
on the type of waste water treatment plant. Large 
waste water treatment plants should be sampled 
two days after the event, sewage ponds one week 
after.

There are large differences in pesticides appearing 
in discharges from drains in correlation to soil struc-
ture and saturation and may range from 20 minutes 
to ten days. Therefore automatic samplers should be 
used for the appropriate time-frame. 

Biological investigative monitoring
In certain cases investigative monitoring will be car-
ried out on biological quality elements, namely if:
• water bodies have been assessed between good 

and moderate or 
• water bodies have defi cits in quality elements 

the source of which is unknown (point or diffuse 
sources).

5.1.4 Gdansk 

5.1.4.1 Monitoring of surface water 
bodies

Surface water quality monitoring in the Pasleka river 
sub-basin is performed by the Provincial Inspector-
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ate of Environmental Protection. The monitoring net-
work is divided into three levels: national, regional 
and local. The national network is fi nanced from the 
state budget and from target funds. The regional 
networks are performed by the Provincial Inspector-
ates of Environmental Protection (IOS) and fi nanced 
by the Provincial Funds for Environmental Protec-
tion and Water Management (WFOS&GW). Moreo-
ver local authorities and industries monitor the local 
networks. The local networks are fi nanced by local 
authorities. Water use permissions oblige municipali-
ties, industries and other stakeholders to carry out 
local monitoring.

5.1.4.2 Monitoring of rivers

Regarding the Pasleka sub-basin the water quality 
monitoring during the 80-ties and the 90-ties took 
place at 21 monitoring points of which 13 were 
located in Pasleka, 3 in Drweca Warminska, 3 in 
Walsza, and 2 in smaller tributaries of Pasleka. How-
ever, the number of monitoring points was increased 
in 2001-2002. The monitoring points are located in 
such a way that the concentrations of parameters 
originating from major parts of the basin were rep-
resented.

Until 2003 the river water quality monitoring net-
work was a rotating network that was performed 
every 5 years with measurements carried out 
monthly.

Only 1 monitoring station located in Nowa Pasleka 
- just by the mouth of the Pasleka river is included 
into the National Monitoring Program, and therefore 
observations there are made twice a month every 
year.

The selection of monitoring points appears to be 
suffi cient for surveillance monitoring and operational 
monitoring. As the overall pollution source is rather 
diffuse, the existing monitoring points should detect 
the effects of measures undertaken in the sub-
basin. 

Comparison of the quality elements as required 
by the WFD with the Pasleka river monitoring situa-
tion until 2003 showed that the hydromorphological 
quality elements were monitored on a regular basis. 
And fi sh migration being an essential element for the 
ecological status of the river presents that there is 
a gap in the upstream migration way caused by the 
Pierzchaly reservoir. 

The general physic-chemical quality elements 
were monitored as well as a group of other pollut-
ants. BOD and COD were measured as major indi-

cators for the organic pressure as well as the faecal 
Coli-index. Furthermore, major ions, detergents and 
metals were measured. There was, however, no 
source of metals present in the basin. As for the pri-
ority substances, volatile phenols were measured, 
as well as Cadmium, Lead, Mercury, and Nickel.

The comparison of monitoring requirements of 
the WFD and the Pasleka river basin monitoring until 
2003 is presented in Table 5.1.5.

5.1.4.3 Monitoring Frequency

The WFD prescribes frequencies for different quality 
elements during the period of 6 years covered by a 
river basin management plan. Monitoring at a lesser 
frequency is allowed for physic-chemical quality ele-
ments if this would be justifi ed on the basis of techni-
cal knowledge and expert judgement. However the 
performed frequency of once in 6 years was very 
low, especially for the objective trends detection in 
the Pasleka sub-basin. Therefore since 2004 a new 
monitoring frequency routines introduced in the 
Polish monitoring system are harmonised with the 

Figure 5.1.2
Monitoring stations in 
the Pasleka sub basin.



5. MONITORING OF SURFACE WATERS

176

requirements of the Directive.
The rotating monitoring network of once in 3 years 

is recommended for surveillance monitoring. For 
operational monitoring the same frequencies with 
not all quality elements will have to be included, 
depending on the pressures on the water system. 
Frequencies should be chosen such as to achieve an 
acceptable level of confi dence and precision.

The frequencies as included in the Pasleka moni-
toring networks until 2003 were suffi cient for surveil-

lance monitoring when compared to the requirements 
of the WFD except for lake monitoring. In case of lake 
monitoring the frequency of only twice a year was 
too rare.

The new scheme for monitoring frequencies as 
applied will provide a view on the processes in the 
water system with a higher level of confi dence and 
precision and as such is preferable to support water 
management in the Pasleka sub-basin. 

EU WFD Pasleka monitoring situation until 2003 

Rivers 

Biological elements 

• Composition and abundance of aquatic flora like macrophytes, 

phytoplankton, and benthic diatoms.

• Composition and abundance of benthic invertebrate fauna 

• Composition, abundance and age structure of fish fauna 

Monitoring of biological elements takes 

place for those taxa that are used to 

calculate the saprobic index. 

Hydromorphological elements supporting the biological elements 

• Hydrological regime: Quantity and dynamics of water flow and 

Connection to groundwater bodies. 

• River continuity. 

• Morphological conditions: river depth and width variations, 

structure and substrate of the river bed, and structure of the 

riparian zone 

Hydromorphological elements are 

monitored on a regular basis 

Chemical and physico-chemical elements supporting the biological elements 

• General: thermal conditions, oxygen concentration conditions, 

salinity, acidification status, and nutrient conditions 

• Pollution by all priority substances identified as being discharged 

into the body of water 

• Pollution by other substances identified as being discharged in 

significant quantities into the body of water 

The surface water quality monitoring 

includes: Temperature, dissolved oxygen, 

conductivity, pH, N-NH3, N-NO2, N-NO3,

Ntot, PO4, Ptot and also BOD5, COD-Mn, COD-

Cr, Cl, SO4, Tot dissolved substances, Tot 

suspended solids, CaCO3, Na, K, Fe, Mn, 

Zn, Cd, Cu, Ni, Pb, Hg, volatile phenols, 

active anion detergents, faecal Coli index, 

and Chlorophyll-a 

Sediment quality monitoring includes: Ag, 

As, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, Hg, 

Mg, Mn, Ni, P, Pb, S, Sr, Ti, V, and Zn 

Table 5.1.5 
Quality elements for 
the classifi cation of 
ecological status in the 
Pasleka river.
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5.1.5 Kaliningrad 

5.1.5.1 General monitoring of Rus-
sian surface waters 

Monitoring is carried out on the natural water bodies 
and sources of impact on these bodies. The Russian 
State Monitoring of water bodies is the following:
• A system of regular observations by hydrochemi-

cal, hydrological and hydrobiological indices in the 
water phase. Water status assessment. Forecast-
ing of the negative processes development.

• Collection, transmission, processing and storage 
of obtained information. Determination of effec-
tiveness of water protection measures.

In order to combine the obtained data on the envi-
ronment status, the monitoring of surface waters is 
carried out on the unifi ed geoinformation basis with 
the national monitoring of environment. Organisation 
and implementation of national monitoring is pro-
vided in the limits of their competence by specially 
authorized Federal Executive Institutions. Among 
these a special function is carried out by the Fed-
eral Service of Hydrometeorology and Environmen-
tal Monitoring attached to the government of the RF 
(Rosgydromet). At present the national monitoring 
network is based mainly on the network of observa-
tion stations of this institution.

Observations over the chemical composition of the 
land surface waters started by Rosgydromet already 
in the middle of the 30th. At the time being these 
observations have been turned to a quite well-com-
posed scientifi cally based system covering practi-
cally the total area of the Russian Federation.

The activity of an observation system is regulated 
by a package of norms and regulations. The main 
documents are the State Standard 17.1.3.07-82 
“Rules of the water quality control in water bodies 
and water courses” and the Guidelines of Rosgy-
dromet 52.24.309-92 “Organisation and implemen-
tation of regime observations over pollution of land 
surface waters on the national network”. Depending 
on the objectives the monitoring is divided into sev-
eral types: - regime, - operational, - background and 
- specifi c.

At present the main data on the quality of land sur-
face water is received within the framework of regime 
(long-term) monitoring carried out on the basis of a 
national observation network. 

The following main principles are laid in the basis 
of organization and implementation of the regime 

monitoring: 
• complexity and systematic character of monitor-

ing, 
• coordination of the monitoring periods with the 

typical hydrological situations, 
• determination of the water content and quality by 

unifi es or comparable methods.
Types of regime observations are regime observa-
tions in the main network, in the additional network, 
in the bottom sediments and on the content of pes-
ticides.

Complexity of observations is provided by carrying 
out observations by hydrochemical, hydrological and 
hydrobiological indices in the water phase. It was 
considered reasonable to supplement a number of 
indices determined in water and in the bottom sedi-
ments with toxicological (biotest) indices.

An observation network is subdivided into two cat-
egories: the main category and supplementary one. 
The main observation network is a minimal neces-
sary network designed for the investigation of the 
regime and the status of the land surface waters, 
their pollution in the scale of the whole country or 
large regions. A supplementary observation network 
is designed for solving the local tasks in connection 
with the investigation of the land surface waters, 
their pollution in specifi c physico-geographical and 
climatic areas. Out of the main observation network 
a number of stations is selected for investigation of 
processes taking place in large scales. They are 
given the status of a “reference” (secular, support-
ing).

The main tasks of the regime observations over 
the land surface waters pollution are:
• Carrying out observations over the condition of the 

land surface waters, their pollution; assessment 
of the changes occurring in water; forecasting of 
dangerous phenomenon;

• Organization of coordinated operation of the 
observation networks of different institutions and 
with those of international and national systems;

• Hand over necessary data to the United National 
Data Fund of the status of environment, its pollu-
tion, as well as to present data on environmental 
conditions to other funds and banks.
The aim of the background monitoring is to inves-

tigate slow changes of the surface waters of the 
country. The data obtained is considered to be a 
background for the regime observations. The back-
ground observations, except of the observations in 
the defi nite biosphere protected areas, are carried 
out by the regime observation programme, and 
this type of observations may be characterized as 
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specifi c on the basis of the regime observations. In 
general, the above mentioned scheme of operation 
is quite possible although it may lead to some exces-
sive observations of this type.

The aims of a specifi c monitoring are individual for 
each type and determined by works which are car-
ried out. 
• Types of specifi c observations
• Observations in a subsystem of monitoring over 

the bearing of chemicals into the sea
• Observations at the stations for the background 

control
• Observations in the subsystem of monitoring for 

the trans-boundary land surface waters
• Observations in the national subsystem GSMOK/

Water
• Observations at the stations used for determina-

tion of chlorine- organic pesticides
• Observations at the stations located in the recla-

mation areas
• Observations at the stations located in the areas of 

the Baikal-Amur highway (BAM)
• Observations in the subsystem of monitoring over 

an anthropogenic eutrophication 

Operational monitoring is poorly developed. It is also 
based on the regime observations with an additional 
operational complex of works in case of reveal-
ing emergency situations. The Ministry of Natural 
Resources of Russia is responsible for carrying out 

monitoring of anthropogenic impact sources. Every 
object discharging waste waters into the surface 
water should coordinate the programme of fre-
quency of waste water monitoring in the regional 
representation of the Ministry of Natural Resources. 
The representatives of this organization are control-
ling the sources of anthropogenic impact and control 
the process of industrial monitoring.

5.1.5.2 Formation of the stations 
network for the regime observations 
on the rivers

Selection of monitoring stations location

Observation stations for pollution in the water 
courses are located in the areas of:
• cities which waste waters are discharged into the 

water courses;
• waste water discharge of large point sources;
• organized discharge of agricultural pollution;
• spawning places and wintering areas of valuable 

fi sh species and organisms
• parts of the river in front of dams which are impor-

tant for fi shes;
• at the intersection of rivers and the state frontier;
• estuaries of polluted tributaries of big water 

courses;
• not exposed to the direct anthropogenic impact 

including territories of protected areas, national 

Type of 
observation 
station 

Economic importance and size of water body or 
water course in the area of observation station 

Status of water body or water course in the 
area of observation station 

1 2 3 
11) Areas of cities with the population over 1 million 

people; spawning and wintering places of highly 
valuable fish and organism species2)

The area of periodic emergency discharges 
of pollutants and water organism kills; areas 

of authorized waste water discharges 
resulting in a high water pollution 

2 Areas of cities with populations from 1 to 0,5 
million people; area of high fishery importance 

(spawning and wintering places of valuable 
economic species2), areas in front of dams ); 

intersection of water course with state frontier 

Areas of authorized discharges of waste 
waters resulting in a systematic medium 

water pollution 

3 Areas of cities with the population under 0,5 
million people; enclosing sites of big and average 

rivers3); estuaries of polluted tributaries of big 
rivers and water bodies3)

Areas of authorized waste water discharges 
resulting in a regular low water pollution 

4 Parts of territories of the state protected areas 
and national parks; water bodies and water 
courses which are unique natural objects 

Unpolluted areas of water bodies and water 
courses 

1) Stations of the type I are located on medium and big water bodies and water courses (by GOST 17.1.1.02) which 
are of high economic importance. If proved enough, it is possible to locate stations of the type I on small water 
bodies and water courses.  
2) Highly valuable economic species are those which are used for producing highly valuable products irrespective 
of fishery scale in the concrete water body, for example, salmonids, sturgeons; valuable species are those which 
are important for fishery or organized angling, for example, bream, vobla, pike-perch.  

Table 5.1.6 
Types of observation 
stations and reasons 
for their setting up. 
Observation stations 
located in the areas of 
waste water discharges 
by big industrial enter-
prises, territorial and 
industrial complexes, 
organized discharges 
from irrigated areas are 
referred to one of four 
types depending on the 
status of water body 
or water course in the 
area of the station.
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parks (for investigating natural processes and 
defi ning the background status of water courses). 

Observation on the pollutant content in the bottom 
sediments are carried out on those regime obser-
vation stations which are characterized by intensive 
accumulation of bottom sediments in the areas of 
pollutant production or utilization.

5.1.5.3 Observation sites

Every station may have one or several sites. Location 
of the sites is defi ned with accounting of hydrom-
eteorological and morphometric characteristics of a 
water course, location of pollution source, amount, 
composition and characteristics of waste water dis-
charged. 

If there is an organized waste water discharge, 
two or more sites are arranged on the water course. 
One site is located upstream of the pollution source 
(out of infl uence of the waste waters considered), 
the others are situated downstream of the pollution 
source (or a number of sources). 

The composition and characteristics of water in a 
sample taken at a site upstream the pollution source 
characterize the background index value and a water 
course water quality. Comparison of background 
indices with those in a sample taken downstream 

of the pollution source with account of a fl ow time 
makes it possible to understand a character and a 
degree of water pollution infl uenced by the pollu-
tion sources. Fluctuation of water composition in the 
samples taken also with account of fl ow time at the 
fi rst site from the discharge and those located down-
stream gives an opportunity to assess a self-purifi ca-
tion ability of the water course. 

The upper site is placed 1 km upstream of the 
pollution source (usually the distance excludes the 
possibility of waste water pollutants infl uence on the 
water course). While selecting a site downstream of 
the pollution source it is necessary that it is charac-
terizing the water content of the whole water course 
section, i.e. being located at a place of suffi ciently full 
(not less than 80 %) mix of waste waters with water 
of a water course. Taking into account that the mix 
section is migrating along the water course bed, it is 
reasonable to locate an observation site at a section 
where the practically full mix of waste waters with 
water of the water course may be guaranteed during 
the whole year.

If there is a number of pollution sources the high 
site is located upstream of the fi rst source, whole the 
lower site is placed downstream of the last one. If 
a water course has several branches the sites are 
located on those with the highest water fl ows and/or 
with violation of the water quality norms. 

Type of water 
body 

Characteristics of pollution 
source 

Number of 
sites 

Site location 

    

Water course 

Absence of organized waste 
water discharge, on unpolluted 

areas of water courses, at 
intersection of water course with 

state frontier 

One

With account of hydrometeorological and 
morphometric characteristics of water 

course and interests of water users 

Water course Organized waste water discharge Not less than 
two

1,0 km upstream of pollution source (out of
waste water influence); 

downstream of pollution source: at site of 
fairly full (not less than 80%) mix of waste 

waters with water of the water course. 

Type of 

water body 

Factors defining the number of 

verticals 

Number of 

verticals 

Location of  

verticals 

Water course Heterogeneity of the chemical 

composition of water at the site 

Not less than 

three

At a distance of 3-5 m from the river 

banks (two), at the channel line 

 Homogeneity of the chemical 

composition of water at the site 

One At the channel line 

Table 5.1.7 
Sites at the observation 
stations and reasons 
defi ning selection of 
their location 

Table 5.1.8 
Verticals at the ob-
servation site and 
characteristics defi ning 
the selection of their 
location
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Verticals
The number of verticals is defi ned by the mixing con-
ditions of river waters and waste waters or waters of 
tributaries.

Horizons
If a depth of a water course is up to 5 m at the place 
of taking measurement, one horizon of 0,2-0,3 m 
from the surface is established on the vertical. If the 
depth is 5-10 m, two horizons are established at the 
vertical – one is near the surface and the other is in 
0,5 m from the bottom. With the depth of over 10 
meters the number of horizons on a vertical is 3, one 
is intermediate located at the middle of the depth.

5.1.5.4 Programme (plan) of observa-
tions

Types of observation programmes. Intervals and 
periods of observations
Observations on water courses are carried out 
during periods connected with the main phases of 

the water regime, with meeting conditions of the 
minimal and maximal fl ows – at high water, winter 
and summer mean waters.

Observations at the stations are carried out 
according to specifi c programme types the choice 
of which depends on the observation station type. 
Observations on the hydrochemical indices are held 
by obligatory and reduced programmes N 1, 2 and 
3 which include obligatory observation indices and 
those which are characteristic for the defi nite obser-
vation station. The list of the specifi c induces of the 
reduced programmes 2 and 3 is determined based 
on the data of the composition of waste waters dis-
charged and on a preliminary survey of the water 
course.

Water pollution indicators (Quality elements)
At all stations observations are carried out in com-
plex by the physical, chemical and biological indices 
simultaneously with the defi nition of hydrological 
characteristics. 

A list of the water pollution indices defi ned is deter-
mined with account of the following:

Table 5.1.9 
Types of observation 
programmes by hydro-
chemical indices and 
their periodicity

Types of observation programmes at different types of the stations Periodicity of observation 

1 2 3 4 

Daily Reduced programme 1 Visual observation    

Every ten days Reduced programme 2 Reduced programme 1   

Every month Reduced programme 3  

During the main phases of the 

water regime 

Obligatory programme 

Type of observation station Frequency of observations during 1 year 

1-3 Every month during a vegetation period 

4 Quarterly during a vegetation period 

Water quality class 
by biological indices 

Frequency of observations during 5 years 

I-II Annually 

III Annually or at an interval of 2 or 3 years at the stabilisation of the condition of water 

organism communities during several previous years of observations 

IV Annually or at an interval of 2 or 3 years by 1 or 2 indices which are the most changeable 

under the influence of anthropogenic impact during several previous years of 

observations  

V-VI With an interval of 2 or 3 years by 1 or 2 indices which are the most changeable under 

the influence of anthropogenic impact during a number of previous years of observations 

Table 5.1.10 
Frequency of obser-
vations by biological 
indices

Table 5.1.11 
Year-to-year frequency 
of observations
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• Target use of the water course;
• Composition of the waste waters discharged;
• Requirements of information users

Hydrochemical characteristics
The monitoring programme of the physical, hydro-
logical, physico-chemical and chemical characteris-
tics includes substances obligatory for determination 
at all stations and characteristic for water at the sta-
tion location. 

Biological indices
A list of biological indices defi ned is determined for 
each water course with account of the regional char-
acteristics and the level of pollution as well as envi-
ronmental consequences of anthropogenic impact

Programmes of carrying out observations by 
biological indices
The programme of observations by hydrobiological 
indices provides for the determination: 

Stations of categories 1-3 Stations of category 4 Type of pesticide 
Frequency  Periods Frequency Periods 

1 2 3 4 5 
61) Raise, peak and decrease of 

high water at the lowest water 
flow in the summer mean 
water, at the rain flood in the 
summer mean water, before 
the river freezing over 

61) Raise, peak and decrease of 
high water, at the lowest 
water flow in the summer 
mean water, at the rain flood 
in the summer mean water, 
before the river freezing over

Chlorine-organic 
pesticides: , DDT 
and metabolites of DDT 
and DDE, trifluraline 

42) Peak and decrease of the 
flood, at the rain flood, in the 
summer mean water, before 
the river freezing over 

42) Peak and decrease of the 
flood, at the rain flood, in 
the summer mean water, 
before the river freezing 
over 

Betanal, 2,4-D amine 
salt, dimetoate, 
carbophos, 
parathyonmethil, 
triallate, phenazone, 
phozalone, EPTC 

5 Monthly in April-August 
(recommended after the rain 
floods are over) 

5 Peak and decrease of the 
flood, at the lowest water 
flow in the summer mean 
water, at the rain flood, in 
the summer mean water, 
before the river freezing 
over 

TCA 6 Raise, peak and decrease of 
high water at the lowest water 
flow in the summer mean 
water, at the rain flood in the 
summer mean water, before 
the river freezing over 

6 Peak and decrease of the 
flood, at the lowest water 
flow in the summer mean 
water, at the rain flood, in 
the summer mean water, 
before the river freezing 
over 

1) In the condition of applying chlorine-organic pesticides 

2) In the absence of applying chlorine-organic pesticides

1) In the condition of applying chlorine-organic pesticides 

2) In the absence of applying chlorine-organic pesticides

Water course Name of pollutants 

Frequency Period 

   

Chlorine-organic 
pesticides 

31) At the flood decrease, at the rain flood, before the river 
freezing over 

Oil products  22) At the flood decrease, in the mean water 

Polycyclic scented 
hydrocarbons 

3 At the flood decrease, at the rain flood, before the river 
freezing over 

Heavy metals 2-3 At the flood decrease, at the rain flood, preferably before the 
river freezing over 

Table 5.1.12 
Frequency and time 
periods of observations 
for the content of pesti-
cides in water courses

Table 5.1.13 
Frequency and time 
periods of observa-
tions for the content 
of pollutants in water 
courses. Frequency of 
sampling of the bottom 
sediments for determi-
nation of pollutants in 
the water courses.
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Table 5.1.14 
Programme of carrying 
out observations on 
hydrochemical and hy-
drological indices.

Programme 

Name of index obligat
ory 

reduce
d

1

reduce
d

2

redu
ced

3

1 2 3 4 5 

Water flow at water courses + + + + 

Water velocity 1) +   + 

Visual observations + + + + 

Temperature + + + + 

Coloration +    

Transparency +    

Odour +    

Dissolved oxygen + + + + 

Carbon dioxide +    

Suspended matter +  + + 

Hydrogen index +  + + 

Oxidation and Redoxpotential +    

electrical conductivity  + +  

Chloride ions2),4) +    

Sulphate ions2),4) +    

Hydrocarbonate ions2),4) +    

Calcium ions2),4) +    

Magnesium2),4) +    

Natrium ions2),4) +    

Kalium ions2),4) +    

Total ions2),4) +    

Ammonia ions4) +    

Nitrite ions4) +    

Nitrate ions4) +    

Phosphate ions4) +    

Total iron4) +    

BOD5 +  + + 

COD +  + + 

Oil products4) +    

Phenols 4) +    

Heavy metals3),4) +    

Pollutants3),4),6)   + + 
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à) by phytoplankton: 
- total number of cells, 103 cells/sm3;
- total number of species;
- total biomass, mg/dm3;
- size of the main groups, 103 cells/sm3;
- biomass of the main groups, mg/dm3;
- number of species in a group;
- mass species and species indicating saprobicity 

(name, per cent from the total number, saprobic-
ity);

b) by zooplankton: 
- total number of organisms, item/m3;
- total number of species;
- total biomass, mg/m3;
- size of the main groups, item/m3;
- biomass of the main groups, mg/m3;
- number of species in a group;
- mass species and species indicating saprobicity 

(name, per cent from total number, saprobicity);

c) by zoobenthos: 
- total number of organisms, items/m2;
- total biomass, g/m2;
- total number of species;
- number of groups by a standard procedure;
- number of species in a group;
- biomass of main groups, g/m2;
- population of main groups, items/m2;
- mass species and species indicating saprobicity 

(name, per cent from the total population, sapro-
bicity); 

d) by periphyton: 
- total number of species; 

- mass species, frequency of occurrence, saprobic-
ity; 

- by microbiological indices; 
- total number of bacteria, 106 cells/sm3; 
- number of saprophite bacteria, 103 cells/sm3; 
- relation of total number of bacteria to the number of 

saprophite bacteria; 

e) by intensity of phytoplankton photosynthesis and 
destruction of organic matter: 

- intensity of photosynthesis, mg/dm3 a day in calcu-
lation to the oxygen or carbon; 

- destruction of organic matter, mg/dm3 a day in cal-
culation to the oxygen or carbon; 

- relation of photosynthesis intensity to the destruc-
tion of organic matter; 

- content of chlorophyll, mkg/dm3; 
- by intensity of organic matter consumption, mkg/

dm3 an hour in calculation to the carbon; - by the 
activity of alkaline phosphatase and seston esther-
aze, mkÌ/dm3.h alpha naphto;

f) by microphytes: 
- projective coverage of a pilot area (100 m2); 
- a pattern of plants distribution; 
- total number of species; 
- prevailing species (name, projective coverage, phe-

nophase, abnormal characteristics);

The programme of carrying out observations by 
toxicological indices includes the defi nition of acute, 
subacute and chronic toxic action of the water sam-
ples and bottom sediments on daphnin, cerium 
daphnin, algae, paramecia, Rotifera and fi shes.

1) Data on the water velocity is provided in case of combining sampling with supporting measurements of water 
flow. 
2) In case the pollution source is located downstream of a number of sites the concentrations of main ions and 
total ions are measured only at the first site from the waste water discharge. 
3) A list of heavy metals and pollutants which are characteristic for waters of the specific site which have to be 
defined by reduced programmes 2 and 3 is determined on the basis of data on the chemical composition of the 
waste waters discharged at the observation station on the chemical composition of waste waters and preliminary 
investigation of the water body. 
4) The characteristic pollutants may include main ions, biogenic substances, widely distributed pollutants. In this 
case these substances are defined by reduced programmes 2 and/or 3. 
5) At the first site after the waste waters discharge the observations are carried out by reduced programme 1 and 
the water sampling is made in amount of not less than 5 liters for keeping within 5 days in order to make an 
analysis in case of emergency (kills of fishes and other water organisms, emergency discharges of waste waters). 
6) All pollutants characteristic for the specific observation station are determined by reduced programme 3, the 
most characteristic two or three are determined by programme 2.  

Table 5.1.14
(continued).
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Fauna 1/3
Fish 1/1
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Pesticides
Observations over the pesticides content is carried 
out with account of the character of their income, 
migration and transformation. A list of priority pesti-
cides is given in the Table of the previous section.

Bottom sediments 
A list of pollutants which are determined in bottom 
sediments includes chlorine-organic pesticides 
(COP), oil products, polycyclic fragrant hydrocarbon 
(PAU), heavy metals. High toxicity of these pollutants 
in relation to hydrobionts, their biochemical resist-
ance, sorption on a suspended matter, accumula-
tion of bottom sediments, water plants and animals 
makes it possible to chose these exact substances 
at the fi rst phase of observations. In a perspective a 
list of pollutants will be further extended.

5.1.6 Båstad, Laholm 

The current monitoring of rivers and streams can be 
divided into two parts (Fig. 5.1.3); 1) monitoring of 
long term trends in water quality and nutrient trans-
port to the coastal water, and 2) measurements of 
the effects of liming in order to counteract acidifi ca-
tion. The follow up of liming comprises water quality 
parameters related to acidifi cation, and monitoring of 
macroinvertebrates and fi sh.

5.1.6.1 Surveillance monitoring

Swedish guidelines for monitoring according to the 
WFD are underway but will not be ready until 2006. 
For rivers, phytoplankton are not considered relevant 
for Swedish conditions, and measurements of prior-
ity pollutants will, if needed, probably be performed 
in sediments or biota instead of water.

Surveillance monitoring will be performed in those 
four river water bodies where the ecological status is 
classifi ed as “Good” (Fig. 5.1.4). In addition, the sam-
pling station at the river mouth is included in order to 
describe the long term development of water quality, 
and to calculate the nutrient supply to the Laholm 
Bay. Another sampling station in the middle section 
of the river is also included, so that the infl uence of 
forest dominated areas can be assessed.

The main pressures are acidifi cation and eutrophi-
cation and this will refl ect the design of the moni-
toring programme. In areas affected by acidifi cation, 
measurements of water quality are combined with 
monitoring of macro invertebrates and fi sh (salmon 
and brown trout).

One sampling site in the downstream area of each 
of the four streams (water bodies 12, 21, 22 and 231 
in fi g. 5.1.4) is considered to be enough in order to 
assess the development of ecological status. Sug-
gested sampling frequencies are presented in table 
5.1.15.

Figure 5.1.3 
Current monitoring of 
rivers and streams.
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Quality element Frequency Interval Comment 

Biological

Phytoplankton ---- ---- Not relevant 

Phytobenthos ? ?  

Macrophytes 1/year Every 3´d year  

Macro invertebrates 1/year Every 3´d year  

Fish 1/year Every 3´d year 

Hydromorphological

Continuity 1/year Every 6´th year  

Hydrology Continuously  Modelling 

Morphology 1/year Every 6´th year 

Physico-chemical

Physical 12/year Every year 2 stations 

Chemical 12/year 

12/year

Every year 

Every 6´th year 

2 stations 

4 stations 

Priority pollutants ---- ---- Not relevant 

Other pollutants 6/year Every 3´d year Pesticides, 1 station 

Table 5.1.15 
Monitoring frequency 
for surveillance of rivers 
and streams.

Figure 5.1.4
Status classifi cation of 
river water bodies in 
the River Stensån pilot 
catchment.
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Table 5.1.16 
Summary of suggested 
monitoring of river wa-
ter bodies.

W
at

er
 b

o
d

y 
E

co
lo

g
ic

al
 

st
at

u
s 

P
re

ss
ur

e 
T

yp
e 

o
f 

m
o

n
it

o
ri

n
g

 

Q
ua

lit
y 

el
em

en
ts

 

fr
eq

u
en

cy
, n

u
m

b
er

 o
f 

si
te

s/
st

at
io

n
s 

 
 

 
 

M
ac

ro
-

in
ve

rt
e-

b
ra

te
s 

Fi
sh

 
M

ac
ro

-

p
hy

te
s

C
on

tin
ui

ty
 

H
yd

ro
lo

gy
 

M
or

p
ho

-

lo
gy

 

P
hy

si
ca

l 

ch
em

ic
al

 

O
th

er
 

p
ol

lu
ta

nt
s 

p
es

tic
id

es
 

1.
 S

te
ns

ån
 

P
oo

r 
E

ut
ro

p
hi

ca
tio

n,
 

p
hy

si
ca

l 

m
od

ifi
ca

tio
n 

O
p

er
at

io
na

l 

(a
nd

su
rv

ei
lla

nc
e)

 

1/
ye

ar
,

ev
er

y 
ye

ar
, 

1 
st

at
io

n 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

 

- 
M

od
el

lin
g 

of
 

w
ee

kl
y 

flo
w

, 
1 

st
at

io
n 

(r
iv

er
 

m
ou

th
) 

1/
ye

ar
,

ev
er

y 
6’

th
 

ye
ar

 

12
/y

ea
r,

ev
er

y 
ye

ar
, 

1 
st

at
io

n*
 

6/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

, 
1 

st
at

io
n 

2.
 S

te
ns

ån
 

M
od

er
at

e 
E

ut
ro

p
hi

ca
tio

n,
 

ac
id

ifi
ca

tio
n 

O
p

er
at

io
na

l 

(a
nd

su
rv

ei
lla

nc
e)

 

1/
ye

ar
,

ev
er

y 
ye

ar
 

or
 

ev
er

y 

3’
d

 y
ea

r,
 2

 

st
at

io
ns

 

1/
ye

ar
,

ev
er

y 
ye

ar
, 

3 
st

at
io

ns
 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

 

- 
M

od
el

lin
g 

of
 

w
ee

kl
y 

flo
w

, 
1 

st
at

io
n 

- 
12

/y
ea

r,
 

ev
er

y 
ye

ar
, 

1 
st

at
io

n*
* 

an
d

4-
12

/y
ea

r

ev
er

y 
ye

ar
, 

3 
st

at
io

ns
 

**
*

-

3.
 S

te
ns

ån
 

M
od

er
at

e 
A

ci
d

ifi
ca

tio
n 

O
p

er
at

io
na

l 
1/

ye
ar

, 

ev
er

y 
ye

ar
, 

1 
st

at
io

n 

1/
ye

ar
,

ev
er

y 
ye

ar
, 

1 
st

at
io

n 

- 
- 

- 
- 

6/
ye

ar
, 

ev
er

y 
ye

ar
, 

2 
st

at
io

ns
 

-

4.
 S

te
ns

ån
 

B
ad

 
A

ci
d

ifi
ca

tio
n 

O
p

er
at

io
na

l 
1/

ye
ar

, 

ev
er

y 
ye

ar
, 

1 
st

at
io

n 

1/
ye

ar
,

ev
er

y 
ye

ar
, 

1 
st

at
io

n 

- 
- 

- 
- 

6/
ye

ar
, 

ev
er

y 
ye

ar
, 

2 
st

at
io

ns
 

-



5. MONITORING OF SURFACE WATERS

187

W
at

er
 b

o
d

y 
E

co
lo

g
ic

al
 

st
at

u
s 

P
re

ss
ur

e 
T

yp
e 

o
f 

m
o

n
it

o
ri

n
g

 

Q
ua

lit
y 

el
em

en
ts

 

fr
eq

u
en

cy
, n

u
m

b
er

 o
f 

si
te

s/
st

at
io

n
s 

11
. Ö

re
b

äc
ke

n 
M

od
er

at
e 

E
ut

ro
p

hi
ca

tio
n,

 

p
hy

si
ca

l 

m
od

ifi
ca

tio
n 

O
p

er
at

io
na

l 
1/

ye
ar

, 

ev
er

y 
ye

ar
, 

x 
st

at
io

n 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

, 
x 

st
at

io
n 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

 

- 
M

od
el

lin
g 

of
 

w
ee

kl
y 

flo
w

, 
x 

st
at

io
n 

1/
ye

ar
,

ev
er

y 
6’

th
 

ye
ar

 

6/
ye

ar
,

ev
er

y 
ye

ar
, 

x 
st

at
io

n 

-

12
. D

al
ab

äc
ke

n 
G

oo
d

 
? 

S
ur

ve
ill

an
ce

 
1/

ye
ar

, 

ev
er

y 
3’

d
 

ye
ar

, 
1 

st
at

io
n 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

, 
1 

st
at

io
n 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

 

1/
ye

ar
,

ev
er

y 
6’

th
 

ye
ar

 

- 
1/

ye
ar

, 

ev
er

y 
6’

th
 

ye
ar

 

6/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

, 
1 

st
at

io
n 

-

21
. E

gl
ab

äc
ke

n 
G

oo
d

 
? 

S
ur

ve
ill

an
ce

 
1/

ye
ar

, 

ev
er

y 
3’

d
 

ye
ar

, 
1 

st
at

io
n 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

, 
1 

st
at

io
n 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

 

1/
ye

ar
,

ev
er

y 
6’

th
 

ye
ar

 

- 
1/

ye
ar

, 

ev
er

y 
6’

th
 

ye
ar

 

6/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

, 
1 

st
at

io
n 

-

22
. K

lip
p

eb
äc

ke
n 

G
oo

d
 

A
ci

d
ifi

ca
tio

n 
S

ur
ve

ill
an

ce
 

(w
ill

 
b

e 
p

ar
t 

of
 

th
e 

fo
llo

w
 

up
 o

f l
im

im
g)

 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

, 
1 

st
at

io
n 

1/
ye

ar
,

ev
er

y 
ye

ar
, 

1 
st

at
io

n 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

 

1/
ye

ar
,

ev
er

y 
6’

th
 

ye
ar

 

- 
1/

ye
ar

, 

ev
er

y 
6’

th
 

ye
ar

 

6/
ye

ar
,

ev
er

y 
ye

ar
, 

1 
st

at
io

n 

-

23
. L

ill
a 

S
te

ns
ån

 
U

nk
no

w
n 

? 
O

p
er

at
io

na
l 

1/
ye

ar
, 

ev
er

y 
3’

d
 

ye
ar

, 
2 

st
at

io
ns

 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

, 
2 

st
at

io
ns

 

? 
1/

ye
ar

, 

ev
er

y 
3’

d
 

ye
ar

 

1/
ye

ar
,

ev
er

y 
6’

th
 

ye
ar

 

- 
1/

ye
ar

, 

ev
er

y 
6’

th
 

ye
ar

 

6/
ye

ar
,

ev
er

y 
ye

ar
, 

2 
st

at
io

ns
 

-

23
1.

 
Tr

ib
ut

ar
y 

to
 

Li
lla

 S
te

ns
ån

 

G
oo

d
 

? 
S

ur
ve

ill
an

ce
 

1/
ye

ar
, 

ev
er

y 
3’

d
 

ye
ar

, 
1 

st
at

io
n 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

, 
1 

st
at

io
n 

1/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

 

1/
ye

ar
,

ev
er

y 
6’

th
 

ye
ar

 

- 
1/

ye
ar

, 

ev
er

y 
6’

th
 

ye
ar

 

6/
ye

ar
,

ev
er

y 
3’

d
 

ye
ar

, 
1 

st
at

io
n 

-

*s
ur

ve
ill

an
ce

 o
f l

on
g 

te
rm

 t
re

nd
s 

in
 w

at
er

 q
ua

lit
y 

an
d

 w
at

er
 t

ra
ns

p
or

t 
to

 t
he

 c
oa

st
 

**
su

rv
ei

lla
nc

e 
of

 lo
ng

 t
er

m
 t

re
nd

s 
in

 w
at

er
 q

ua
lit

y 
re

la
te

d
 t

o 
fo

re
st

 d
om

in
at

ed
 a

re
as

 

**
*a

ci
d

ifi
ca

tio
n 

p
ar

am
et

er
s 



3

21

2322

2
23112

4

11

1

Monitoring

Surveillance
Operational

5. MONITORING OF SURFACE WATERS

188

5.1.6.2 Operational monitoring 

Operational monitoring is needed in order to validate 
the status classifi cation, and to form the basis for 
classifi cation of water bodies with unknown status. 
Efforts will focus on eutrophication and acidifi cation. 
The ongoing monitoring of liming effects will be an 
important part of the operational monitoring pro-
gramme. Besides water quality, the ecological status 
will be assessed using macro fauna and fi sh. 

A minimum of 13 stations are suggested (Fig. 
5.1.5), of which 5 are part of the current liming pro-
gramme.

Depending on purpose, the sampling frequency 
of water quality in the liming programme varies 
between 4 and 12 times a year. For the additional 
sampling stations a frequency of 6-12 times a year is 
recommended.

Biological monitoring (macro invertebrates and 
fi sh) is restricted to liming target areas, and the fre-
quency is once a year, or every third year. The same 
frequencies will be used in the downstream areas 
where diffuse pollution from agriculture constitutes 
the main pressure. It should be observed that the 
methods currently used may not be appropriate in 
the slow fl owing parts of the main river.

The sites, frequencies and quality elements of the 
surveillance monitoring and operational monitoring 
are sumarized in Table 5.1.16. 

5.1.6.3 Investigative monitoring

A special monitoring programme is going on in con-
nection with the construction of a railway tunnel 
through the Hallandsås ridge. Several pollution inci-
dents have occurred, e.g. in July 2003 when fi sh and 
macro fauna was extinct along a 3 km stretch of the 
stream Örebäcken (water body 11).

The genuine salmon strain in River Stensån is 
infected by the parasite Gyrodactylus salaries, which 
probably has a negative effect on the abundance of 
1+ parr. The relations between the parasite, salmon 
abundance and water quality need to be investigated 
further.

5.2 Lakes

5.2.1 Fyn County 

In the absence of a National WFD monitoring pro-
gramme, Fyn County has – in order to carry out the 
present BERNETcatch project - suggested a moni-
toring programme for the Odense Fjord Pilot River 
Basin (see Chapter 5.1.1). This programme is in no 
way politically approved, but should be regarded as 
an inspiration for future programmes on the regional 

Figure 5.1.5 
Schematic outline 
of surveillance and 
operational monitoring 
stations in rivers and 
streams.
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as well as on the national (or even international) 
level. 

According to the Danish national guidelines, only 
lakes that are assigned a specifi c objective in the 
Regional Plans should be considered when imple-
menting the WFD and, thus, should also be included 
in future monitoring programmes. In practice, this 
includes lakes with a surface area larger than 5 ha, 
although a few lakes with areas of 1-5 ha are included 
too. Using these criteria, only fourteen lakes should 
be considered for monitoring within the Odense Pilot 
River Basin (OPRB). 

However as mentioned previously, the OPRB 
contain 2 620 minor lakes and ponds (surface area 
> 100 m2) that may be identifi ed as discrete water 
bodies, and that also must achieve good ecological 
status just like the larger ones. It is certainly not prac-
ticable to investigate so many lakes. According to the 
horizontal guidance “Identifi cation of water bodies”, 
however, it is permissible to aggregate lakes in rela-
tion to monitoring, reporting and management. The 
lakes may then be grouped on the basis of lake type 
and catchment (assessed from GIS), and monitoring 
is carried out for a randomly selected subgroup of 
the lakes.

5.2.1.1 Surveillance monitoring

Selection of water bodies and parameters
Surveillance monitoring should be carried out in lakes 
which (a) at present have a good or high ecological 
status and/or (b) are representative for the signifi cant 
lake types. This means that a surveillance monitoring 
network in practice contains monitoring sites within 
lakes that has either good/high or moderate/poor/
bad ecological status.

In Denmark, a “National Monitoring Programme for 
the Aquatic Environment and the Terrestrial Nature” 
(NOVANA) has been established from 2004 and is 
expected to run for at least a 6-year period. This pro-
gramme is designed to represent at least the surveil-
lance monitoring. Thus, the monitoring sites defi ned 
in the programme are (from the national authori-
ties’ point of view) claimed to be representative. 
This is probably true disregarding that the number 
of selected sites in each of 3 size classes of lakes/
ponds does not refl ect their actual distribution (i.e. 
the number of selected small and middle sized lakes 
and ponds are signifi cantly underrepresented com-
pared to the larger lakes).

Thus within the OPRB, 6 (out of a total of 14, or 
equivalent to 43 %) ‘large’ lakes are included in 

NOVANA (one in the ‘intensive lakes’ programme and 
fi ve in the ‘extensive lakes 1’ programme, see Table 
5.2.3). Further located within the OPRB, 16 lakes and 
ponds with a surface area of 0.1-5 ha (equivalent to 
1.5 % of the lakes/ponds within this size class) are 
included in NOVANA ‘extensive lakes 2’ programme 
(Table 5.2.4), whereas 9 ponds with a surface area of 
0.01-0.1 ha (equivalent to 0.6 % of the lakes/ponds 
within this size class) are included in the NOVANA 
‘extensive 3’ programme (Table 5.2.5). It must be 
stated at this point that whereas the “intensive pro-
gramme” and “extensive 1 programme” comply with 
“WRD standards” (i.e. for the lakes that according to 
the national guidelines should be considered when 
implementing the WFD in Denmark), this is not the 
case for the “extensive programmes 2 and 3” (i.e. for 
the small lakes and ponds that are not considered in 
relation to WFD nationally).

In summary, 31 lakes/ponds supplemented with 
one additional “large” lake that has good ecologi-
cal status, should represent the future surveillance 
monitoring network within the OPRB. At least two of 
the lakes/ponds in the network (both being “large” 
lakes) comply with good ecological status.

As proposed in the WFD, the surveillance moni-
toring programme includes several biocoenoses 
as well as physico-chemical elements, specifi c 
pollutants (priority substances and others harmful 
substances, if they are being released into the lake 
basin), and hydrological elements. Fyn County sug-
gests, however, some deviations from the monitoring 
frequencies stated in the WFD and may follow the 
frequencies shown in Table 5.2.1.

In OPRB two lakes will be included in the surveil-
lance monitoring from 2009 onwards. One of these 
is included in NOVANA (‘extensive lakes 1’), see 
Svendsen et al. (2005).

Frequencies for physico-chemical and hydro-
morphological monitoring
Physico-chemical and chemical quality elements 
are monitored for long-term development 7 times 
annually (6 between March and September, and 
one in November). This is more than presupposed 
in the WFD, but coincides with the frequency of the 
NOVANA ‘extensive lakes 1’ programme (although 
it is less than the 19x/year stipulated in NOVANA 
‘intensive lakes’ programme). According to Danish 
experiences the frequency suggested by WFD is 
certainly too small to obtain a reliable ‘picture’ of the 
ecological status of the individual lake. If it is relevant 
(and this is probably not the case), specifi c pollut-
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ants or priority substances are monitored with a fre-
quency 3 times annually. 

As the morphology of lakes in Fyn County most 
certainly changes very slowly, this will be assessed 
only once at all. The water table is either continu-
ously monitored by automatically recording, or read 
manually during regular visits. A less detailed survey 
of sediments and shoreline structures will be carried 
out when monitoring aquatic fl ora and benthic inver-
tebrates. 

Frequencies for biological monitoring
The assessment of phytoplankton suggests a sam-
pling frequency of at least 7 times per year between 
March and September with one additional sample in 
November (synchronized with the physico-chemical 
monitoring). Phytoplankton can vary strongly in spe-
cies composition and biomass and may be the most 
sensitive of the biological quality elements. Therefore 
it should be monitored for at least two years within a 
management period to allow an assessment of the 

variability of the results and therefore ensure a reli-
able assessment and future trends. Phytoplankton 
is monitored at the same time as physico-chemi-
cal elements. The frequency corresponds to that in 
NOVANA ‘extensive lakes 1’ programme.

WFD monitoring does not consider zooplankton 
which is included in NOVANA and is not included 
in the suggested programme, although zooplank-
ton has been used with great explanatory success 
during the previous national monitoring programme 
of the aquatic environment (NOVA, 1998-2003). 

Macrophytes are monitored once every three 
years or twice within a management period just as in 
NOVANA. Phytobenthos has never been included in 
previous Danish monitoring programmes and is not 
considered for monitoring in OFRB, although it is an 
element stipulated in WFD.

Monitoring of fi sh and macrozoobenthos is carried 
out once every 6 years just as in NOVANA. 

Sampling and monitoring is carried according to 
the procedures described in Lauridsen et al. (2005).

Quality element Frequency Interval 

Biological 

Phytoplankton 7x (2x) /year  every 3 (every) years 

Macrophytes 1x /year every 3 years 

Phytobenthos/Diatoms - - 

Macrozoobenthos 1x /year every 3 years 

Fish 1x /year every 6 (3) years 

Hydromorphological 

Hydrology monthly every 3 (every) years 

Morphology 1x /year every 6 years 

Physical-chemical 

Thermal conditions 7x (4x) /year every 3 (every) years  

Oxygenation 7x (4x) /year every 3 (every) years 

Salinity 7x (4x) /year every 3 (every) years 

Nutrient status 7x (4x) /year every 3 (every) years 

Acidification status 7x (4x) /year every 3 (every) years 

Other pollutants 7x (4x) /year on demand 

Priority pollutants 3x /year  on demand 

Table 5.2.1 
Quality elements and 
measuring frequen-
cies for surveillance 
monitoring in lakes in 
Fyn County. Where 
deviations from the fre-
quencies stated in the 
WFD occur, the WFD 
frequencies are shown 
in ( ).
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5.2.1.2 Operational monitoring

Selection of water bodies and parameters
Operational monitoring focuses on (a) lakes which 
probably have moderate or worse status, (b) lakes 
at which action plans are being initiated, and (c) 
lakes which are part of a Natura 2000-area (and do 
not comply with the objectives for protected areas 
according to the Habitat Directive). The operational 
monitoring network depends on the further develop-
ment of the water quality and the implementation of 
measures. 

Although the selection of lakes for operational 
monitoring (i.e. the relatively large lakes according 
to the national guidelines) is based on the prelimi-
nary risk assessment (see chapter 4.2.1), the knowl-
edge about the ecological status of these lakes is 
regarded reliable due to previous monitoring that 
includes both physico-chemical and biological qual-
ity elements. Thus, there is no need for a renewed 
validation of the status assessment.

As far as the small lakes and ponds is concerned, 
knowledge is rather poor, scattered and not repre-
sentative. Further, as preliminary investigations indi-
cate that they are in as bad a condition as the ‘large’ 
lakes, it is necessary to consider all these to be in 
risk of not complying with good ecological status in 
2015. Therefore, they are all candidates for opera-
tional monitoring.

In the OPRB the 8 ‘large’ lakes that are not included 
in the surveillance monitoring network (see above, 
subchapter 5.2.1) will be included in the operational 
monitoring from 2009 onwards. The monitoring pro-
gramme for these is presented in Table 5.2.3.

We further recommend that the operational moni-
toring network within the OPRB should include 36 
lakes and ponds with a surface area of 0.1-5 ha 
monitored using the NOVANA ‘extensive lakes 2’ 
programme (Table 5.2.4) and 69 ponds with a sur-
face area of 0.01-0.1 ha using the NOVANA ‘exten-
sive 3’ programme (Table 5.2.5) in order to establish 
a representative subset. 

Since 1999 the ecological quality of some small 
lakes and ponds that are supposed to be impacted 
by poorly treated wastewater from scattered homes 
has been monitored. If the results of this monitor-
ing indicate a poor ecological quality in these lakes 
and ponds (and this has so far been the case), then 
the municipalities must - according to the Regional 
Plan - carry out a detailed planning of improving the 
wastewater treatment at these scattered homes. It is 
expected that improved wastewater treatment at the 
scattered homes is generally implemented before 

2009. Therefore, this ‘special operational monitoring 
programme’ may only run until 2009.  

Monitoring and modelling development in 
pressures
From 2009 onwards operational monitoring may be 
started in the ‘large’ lakes which are not assessed as 
having a good (or high) ecological status. Monitoring 
of relevant pressures from point sources may then be 
included (e.g. storm water outlets). It should be men-
tioned here that direct discharges from wastewater 
treatment plants do not occur in any of these lakes 
because these discharges have been cut off to other 
more robust recipients (mostly down stream located 
watercourses). As regard the diffuse sources (includ-
ing discharges from scattered homes and leakage of 
nutrients from farmland) that are the dominant pres-
sures on lakes in the OPRB and Fyn County in gen-
eral, monitoring these pressures for every lake may 
be an overwhelming task (see below). Therefore, it 
is necessary to make a selection of representative 
lakes and catchments to be included in the opera-
tional monitoring and then extrapolate the results to 
the rest of the lakes.

The selection of lakes and their respective catch-
ments for monitoring must insure that catchments 
with a wide variation in land use and pressure are rep-
resented. Thus, also catchments with low pressure 
should be included, making it possible to establish 
empiric models that describe relations between land 
use (e.g. number of scattered homes, % farmland, 
and number of animal units, derived from GIS anal-
yses) and pressure (i.e. nutrient load). This means 
that also catchments belonging to lakes with good 
or high ecological status must be included (i.e. those 
selected for surveillance monitoring – see above). 
The selected lakes and respective catchments may 
not necessarily arise from the OPRB but from the 
region in general in order to obtain the greatest varia-
tion possible. The empiric models linking catchments 
land use and nutrient load must be supplemented by 
similar empiric models linking nutrient load and in-
lake nutrient concentrations, derived from the same 
monitoring programme. Using these models, it may 
be possible to assess the ecological status of lakes 
that are not monitored from their catchments char-
acteristics. In order to make the most of the collected 
data, nutrient loading and ecological status of a given 
lake must be monitored the same year.

The empiric models linking catchment characteris-
tic and nutrient load may not valid in a long-term per-
spective. The fi rst generation models, thus, describe 
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the present state before measures that signifi cantly 
reduce e.g. phosphorus leakage are taken. Later on 
revised models may be developed to describe the 
situation after the implementation of these meas-
ures. It must also be mentioned that models linking 
nutrient load and in-lake nutrient concentrations may 
be diffi cult to establish, as the lakes probably are not 
in a steady-state, a situation that are expected to 
change after measures to reduce the nutrient impact 
are taken.

For each monitored lake, discharge of water and 
nutrients in the major tributaries (monitored as close 
as possible to the lake) must be estimated with a 
frequency of 18-26 times a year, and in addition the 
Q/h relationships must be established using con-
tinuous recording of the water level (Table 5.2.2). 
The frequency may seem high but is absolutely a 
minimum in order to obtain a reliable estimate of the 
nutrient load – not at least for phosphorus that espe-
cially is discharged during spates. The interval for the 

Table 5.2.2 
Parameters and fre-
quencies in the moni-
toring of diffuse nutrient 
load on lakes in Fyn 
County.

Parameter Frequency Interval 

Water level in tributary Continuously Every 3 years 

Discharge  18-26x/year Every 3 years 

Total-P, PO4-P, total-N, NO3-N 18-26x/year Every 3 years 

Quality element Frequency Interval 

Biological 

Phytoplankton 7x /year every 3 years 

Macrophytes 1x /year every 3 years 

Phytobenthos/Diatoms - - 

Macrozoobenthos 1x /year every 3 years 

Fish 1x /year every 6 years 

Hydromorphological 

Hydrology monthly every 6 years 

Morphology 1x/year on demand 

Physical-chemical 

Thermal conditions 12 /year every 3 years 

Oxygenation 12x /year every 3 years 

Salinity 7x /year every 3 years 

Nutrient status 12x /year every 3 years 

Acidification status 7x /year every 3 years 

Other pollutants 6x /year on demand 

Priority pollutants 6x /year  on demand 

Table 5.2.3 
Quality elements and 
frequencies for op-
erational monitoring 
in ‘large’ lakes in Fyn 
County.
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programme may be every 3 years in order to obtain 
relatively fast results and to compensate for year to 
year variations. Ideally, the interval should be every 
year, but this is probably unrealistic due to the limited 
resources.

The future WFD operational monitoring pro-
gramme of nutrient loads on lakes is only slightly 
covered by NOVANA: It only includes 3 tributaries to 
Lake Arreskov (the only ‘intensively’ monitored lake 
within the OPRB). Further, NOVANA focus especially 
on monitoring the nutrient load on coastal waters, 
and therefore the sampling sites of this programme 
are located far downstream in rivers and streams in 
order to represent the largest possible part of a given 
catchment. They are therefore not especially suitable 
to be included in the empiric models for lake catch-
ments. 

Monitoring effects of measures within lakes 
and ponds
The ‘large’ lakes are monitored from 2009 to evalu-

ate the effects of measures wherever these meas-
ures are being taken, because lakes react differently 
to the reduction of pressures (see Table 5.2.3). Con-
trolling the success of measures may theoretically 
be achieved by monitoring in relatively long intervals 
due to the slow response time of lakes on pressures 
from the river basin. However, as the programme for 
monitoring the ecological status of the lakes must 
be coordinated with the monitoring of pressures, i.e. 
monitoring of a given lake and the nutrient load of 
the lake must be carried out during the same year, 
the intervals for the two programmes should be the 
same. 

In order to control the success of measures the 
most sensitive biological quality element(s) will be 
monitored. For eutrophicated lakes this is usually 
phytoplankton and/or macrophytes. Then if these 
biocoenoses react and present a good status, 
all other biocoenoses should be monitored and 
assessed depending on which measures have been 
taken. When all biocoenoses show good ecological 
status, operational monitoring will be terminated and 

Quality element Frequency Interval 

Biological 

Phytoplankton (i.e.chlor.-a) 6/year every 6 years 

Macrophytes 1x /year every 6 years 

Phytobenthos/Diatoms - - 

Macrozoobenthos - - 

Fish - - 

Hydromorphological 

Hydrology - - 

Morphology - - 

Physical-chemical 

Thermal conditions 6 x/year every 6 years 

Oxygenation 6x /year every 6 years 

Salinity 6x /year every 6 years 

Nutrient status 6x /year every 6 years 

Acidification status 6x /year every 6 years 

Other pollutants - - 

Priority pollutants -  - 

Table 5.2.4 
Quality elements and 
frequencies for op-
erational monitoring 
in small lakes/ponds 
(0.1-5 ha) in Fyn County 
according to NOVANA 
‘extensive lakes 2’ pro-
gramme.
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the lake may be included in the surveillance monitor-
ing continuously.

The frequency for monitoring concentrations of 
nutrients must be relatively high and sampling dis-
persed equally during the year in order to obtain a 
reliable estimate of the yearly mean and summer 
mean, respectively, both parameters that may be 
essential when establishing the empiric models.

Regarding the small lakes and ponds, NOVANA 
suggests a reduced monitoring programme in 
respects to the quality elements, frequencies, and 
intervals (see Table 5.2.4 and 5.2.5). This is of course 
due to resources considerations. The programme is 
designed to describe the development in ecological 
status over a relatively long time-span. 

Sampling and monitoring procedures
Sampling and monitoring is carried according to the 
procedures described in Lauridsen et al. (2005).

5.2.1.3 Investigative monitoring

If the ecological status of a lake is assessed as mod-
erate or worse and the causes are not clearly found in 
one or more pressure sources, further biocoenoses 
as well as more elements such as hydromorphology 
(sediments) and physico-chemical parameters must 
be included in an investigative monitoring program. 
Thus, investigative monitoring is meant as an addi-
tion to the operational monitoring. The frequency 
and selection of quality elements for this program 
must be adapted to the special questions arising 
from the individual ecological and pressure situation 
of a lake.

No lakes within the OPRB are at present obvious 
candidates for this type of monitoring.

Table 5.2.5 
Quality elements and 
frequencies for op-
erational monitoring in 
ponds (0.01-0.1 ha) in 
Fyn County according 
to NOVANA ‘extensive 
lakes 3’ programme.

Quality element Frequency Interval 

Biological 

Phytoplankton (i.e.chlor.-a) 1/year every 6 years 

Macrophytes 1x /year every 6 years 

Phytobenthos/Diatoms - - 

Macrozoobenthos - - 

Fish - - 

Amphibians 1x/year every 6 years  

Hydromorphological 

Hydrology - - 

Morphology - - 

Physical-chemical 

Thermal conditions 1 /year every 6 years 

Oxygenation 1x /year every 6 years 

Salinity 1x /year every 6 years 

Nutrient status 1x /year every 6 years 

Acidification status 1x /year every 6 years 

Other pollutants - - 

Priority pollutants 1x/year  every 6 years 
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5.2.2 West Finland 

5.2.2.1 Surveillance monitoring

Selection of water bodies
The surveillance monitoring of the lakes of river 
Kyrönjoki could be based on the national monitor-
ing programs, e.g. the Finnish Eurowaternet network 
(including large lakes, international waters, extensive 
anthropogenic changes, and water bodies in a near 
natural state). In the river Kyrönjoki there is one Euro-
waternet lake station (impacted). 

Natura 2000 areas, other protected areas and 
monitoring of the Habitats Directive should also be 
considered. Part of the lake Kurjenjärvi belongs to 
the Natura network. 

None of the lakes from river Kyrönjoki was assessed 
according to the Article 5 report due to the size limit. 
However, almost all of the lakes of the Kyrönjoki river 
basin might be considered as water bodies under 
heavy anthropogenic impact, due to diffuse loading 
and regulation or lowering of water level. Most of the 
larger lakes are artifi cial. 

Elements and frequencies for monitoring
Surveillance monitoring should be undertaken at 
least for a period of one year during a river basin 
management plan. Parameters indicative of all bio-
logical, hydromorphological and general physico-
chemical quality elements should be monitored. 

Physico-chemical quality elements will probably be 
monitored several times per year. 

At present there is national monitoring on phy-
toplankton, algal blooms and heavy metals in 
fi sh. Some of the larger lakes of river Kyrönjoki are 
included in these monitoring programmes. Monitor-
ing of fi sh is managed by Finnish Game and Fisher-
ies Research Institute (RKTL) and Employment and 
Economic Development Centres (T&E centres). 

There is an extensive network for hydrological 
monitoring consisting of automatic stations register-
ing the observations of fl ow and water level in fi ve 
lakes of river Kyrönjoki. The Eurowaternet lake net-
work includes monitoring of chemical quality factors, 
bacteria, chlorophyll-a and a number of pollutants.

5.2.2.2 Operational monitoring

Improvement of existing monitoring 
According to investigations made by the Finnish 
Environmental administration (e.g. Tarkkailutyöryh-
män raportti 2004) the management of operational 
monitoring might be based on obligatory controls. 
These controls are concentrated to impacted areas 
with decreased ecological status caused by different 
kinds of pressures. The existing monitoring should 
be improved by additional monitoring in areas with 
diffuse loading. This kind of monitoring should be 
focused on the impact of diffuse loading and assess-
ment of measures. The present obligatory monitor-

Quality element WFD River Kyrönjoki, present monitoring 

Frequency Monitoring stations Frequency 

Biological    

Phytoplankton 6 months 5 lakes every 3 years 

Other aquatic flora 3 years 5 lakes every 4 years 

Macro invertebrates 3 years 5 lakes every 6 years 

Fish 3 years 1 lake every 6 years 

Heavy metals in fish  4 lakes every 2-3 years 

Hydromorphological    

Continuity 6 years   

Hydrology continuous   

Morphology 6 years   

Physico-chemical 1-3 months 5 lakes 4-6 months 

Table 5.2.6 
Surveillance and op-
erational monitoring 
in lakes according to 
WFD and the present 
monitoring of impact 
from regulation of lakes 
in river Kyrönjoki.
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ing in lakes of the river Kyrönjoki is mainly focused on 
impact from water constructions and heat pollution.

Quality elements
The present monitoring of impact from regulation 
in lakes of river Kyrönjoki is shown in table 5.2.6. 
The obligatory controls of the power plant (physico-
chemical elements) are not included in the table.

5.2.2.3 Investigative monitoring

Investigative monitoring is important, e.g. in case of 
accidental pollution or when the operational monitor-
ing have not already been established. 

5.2.3 Schleswig-Holstein 

5.2.3.1 Surveillance Monitoring

Selection of water bodies
The goal of surveying long-term natural and man-
made changes can be best seen in lakes which have 
a stable good or high ecological status as well as 
large lakes which have a signifi cant volume in a river 
basin. (WFD Annex V, No. 1.3). Any other lake types 
which are signifi cant for the basin should also be 
monitored. 

Surveillance monitoring is therefore carried out at 
lakes which are (a) larger than 10 km², (b) are likely to 
have a good or high ecological status and/or (c) are 
representative for the signifi cant lake types.

The measuring programme includes the bio-
coenoses included in the WFD as well as physico-
chemical elements, relevant and priority action 
harmful substances (if they are being released into 
the lake basin) and hydrological elements. In accord-
ance with the LAWA Framework, Schleswig-Holstein 
has decided some deviations from the monitoring 
frequencies stated in the WFD and will follow the fre-
quencies shown in table 5.2.7.

Frequencies for physico-chemical and hydro-
morphological monitoring
Physico-chemical and chemical quality elements 
will be monitored for long-term development 6 times 
annually. For an evaluation of natural seasonal and 
interanual variations an intensifi ed monitoring for 
two years in a management period will be neces-

sary. If there is a need, specifi c pollutants which are 
discharged in signifi cant amounts or priority sub-
stances are monitored with a supposed frequency 
of 6 times annually. 

Due to the fact that in Schleswig-Holstein the mor-
phology of lakes changes very slowly, morphology 
will be assessed only once at all. On most lakes, the 
water level is continuously monitored by automati-
cally recording tide gages. A less detailed survey of 
sediments and shoreline structures will be carried 
out when monitoring aquatic fl ora and benthic inver-
tebrates. 

Frequencies for biological monitoring
There are some deviations from the frequencies 
given by the WFD. For the assessment of phyto-
plankton the german-wide assessment system 
requires a sampling frequency of at least 6 times 
per year between April and October. Phytoplank-
ton can vary strongly in species composition and 
biomass development and can be considered to 
be the most sensitive quality element. Therefore it 
should be monitored for at least two years within a 
management period to allow an assessment of the 
variability of the results and therefore ensure a reli-
able assessment and future trends. Phytoplankton 
should always be monitored at the same time as 
physico-chemical elements.

Macrophytes/Phytobenthos and Macrozoob-
enthos are monitored every three years or twice 
within a management period.

The decision if fi sh monitoring will be carried out 
as a part of surveillance monitoring has not yet been 
done. In the meantime it is anticipated that fi sh moni-
toring may have to be carried out once in 6 years. 
The amount of fi sh monitoring necessary for FFH 
cannot be judged at the moment. 

Spatial distribution of monitoring stations
In Schleswig-Holstein probably 20 lakes will be 
included in the surveillance monitoring from 2009 
onwards. This program contains for every river basin 
its large lakes > 10 km², those lakes likely to fulfi l the 
aims and representative lakes of the most important 
types. Out of these 20 lakes, 8 larger and 3 smaller 
lakes are situated in FFH-areas which will lead to syn-
ergy effects in fulfi lling both directives. In addition to 
this selected smaller lakes from all three river basins 
will be chosen of which some will be monitored every 
year. Furthermore the surveillance monitoring is car-
ried out on lakes, where an extensive monitoring 
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Tab. 5.2.7
Quality elements and 
measuring frequen-
cies for surveillance 
monitoring according 
to LAWA recommenda-
tions (see rivers) in Ger-
many and approaches 
by Schleswig-Holstein.

has been established in the past due to the german 
national lake monitoring network. So, among these 
20 lakes there are two lakes (Lake Großer Plöner See, 
Lake Dobersdorfer See) which are monitored yearly 
by means of chemical elements and phytoplankton. 
This elaborate measuring program will help to gain 
background information on the reliability of surveil-
lance monitoring at other lakes, monitored with lower 
frequencies. Lake Pinnsee will continue to be moni-
tored for acidifi cation as currently established.

In the pilot river basin Schlei-Trave 13 lakes were 
assorted for the surveillance monitoring. This amount 
considers three lakes > 10 km², three lakes which are 
supposed to fulfi l the aim of good ecological quality, 
two lakes which are representative for lake types 11 
and 14, one coastal brackish lakes and one lake for 
monitoring acidifi cation. Furthermore three smaller 
lakes in FFH-areas which are important on a Ger-
many-wide scale because of low calcium and low 
nutrient content are monitored to cover the require-
ments for the FFH-guideline.

5.2.3.2 Operational monitoring

Rationale of operational monitoring 
Operational monitoring will focus on lakes, which 
probably have moderate or worse status, on lakes 
at which action plans are being initiated and on lakes 
which are part of a Natura 2000-area (and do not 
comply with the environmental objectives for pro-
tected areas according to the WFD). The operational 
monitoring net depends on the further development 
of the water quality and the implementation of meas-
ures. 

As for the rivers, the operational monitoring of 
lakes is divided into three different time periods: (a) 
validation of status assessments, (b) ongoing opera-
tional monitoring of water bodies at risk or in less 
than good ecological quality and (c) assessment of 
measures.

Quality element Frequency Interval 

Biological 

Phytoplankton 6x /year every 3 years 

Macrophytes 1x /year every 3 years 

Phytobenthos/Diatoms 2x /year every 3 years 

Macrozoobenthos 1x /year every 3 years 

Fish 1x /year every 6 years 

Hydromorphological 

Hydrology monthly every 6 years 

Morphology once only - 

Physico-chemical 

Thermal conditions 6x /year every 3 years 

Oxygenation 6x /year every 3 years 

Salinity 6x /year every 3 years 

Nutrient status 6x /year every 3 years 

Acidification status 6x /year every 3 years 

Other pollutants 6x /year (?) on demand 

Priority pollutants 6x /year (?) on demand 
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Validation of status assessments
The fi rst phase of the operational monitoring (up 
to and including 2008) will be used to validate the 
results of the risk assessment, conducted at the end 
of 2004. If the result of this validation period reveals a 
good status, further biocoenoses will be assessed. If 
the lake is then assessed as good for all quality ele-
ments, its monitoring status will changed to surveil-
lance monitoring. In the case, that the result of this 
validation period reveals a moderate or poor status, 
measures need to be taken to achieve a good status. 
The success has to be controlled by ongoing moni-
toring activities. For the identifi cation of the different 
effects of pressures and for the development of an 
effective programme of measures it could be neces-
sary to monitor additional or all biocoenoses.

The fi rst phase of operational monitoring will be 
carried out at every lake until 2008 (except those in 
surveillance monitoring) to ensure exact results for 
the ecological assessment. This includes an assess-
ment of the indicating biocoenosis / biocoenoses for 
the pressure(s). This will normally be the indicators 
for eutrophication of the water body (Phytoplankton) 
and possibly those of the shoreline (macrophytes, 
diatoms) as well as those showing reactions to dis-
turbances in the shoreline (macrophytes). 

Ongoing operational monitoring
From 2009 onwards the ongoing operational moni-
toring is started on lakes which are not assessed 
as good. For every lake a monitoring of all relevant 
pressures from point sources will be included. If dif-
fuse sources are responsible for the main pressures 
on the water body operational monitoring may be 
employed in a representative way. For the selection 
of representative lakes the following criteria were 
used:
− lake type
− hydrological interrelationship (river-lake systems) 
− kind and amount of pressures
− amount of degradation (main focus on lakes 

assessed as moderate with high regeneration 
potential)

− taking measures
− lakes located within a management area (at least 

one lake per area)
Another reason for choosing may be its designa-

tion as an FFH-area to achieve synergy effects in 
monitoring for both directives. Approximately 60-70 

lakes are situated within FFH areas, of which app. 25 
are larger than 50 ha and therefore contained in the 
WFD. It is anticipated that 15 lakes from FFH-areas 
will be administrated in the operational monitoring. 
The remaining 40 FFH-lakes will probably monitored 
in a separate programme covering exclusively moni-
toring of macrophytes and some threatened fi sh 
species.

Monitoring programmes of measures
From 2009 the ongoing operational monitoring for 
the control of the effects of programmes will be 
implemented at every lake where measures are 
being taken, because lakes react differently to the 
reduction of pressures. Controlling the success of 
measures may be achieved by monitoring in longer 
intervals due to the slow reaction time of lakes on 
pressures from the river basin.

To control the success of measures the most sen-
sitive biological quality element(s) will be monitored. 
For eutrophicated lakes these are usually phyto-
plankton and/or macrophytes and phytobenthos. If 
the vulnerable biocoenosis is reacting and present-
ing a good status, all other biocoenoses should be 
monitored and assessed depending on which meas-
ures have been taken. When all biocoenoses show 
good ecological status operational monitoring will be 
terminated and the lake may be entered into surveil-
lance monitoring continuously.

Frequencies
For the most biological quality elements the same 
frequencies are guilty as shown for the surveil-
lance monitoring in table 5.2.7. But of course there 
are some changes due to the different aims of both 
monitoring programs: 

Depending on the measures implemented opera-
tional monitoring for macrophytes should be carried 
out before measures are implemented and contin-
ued 6 to 10 years after measures have begun. This is 
attributed to the fact, that macrophytes react slowly 
on water quality improvement and the reintroduction 
of species or the replacement of common species 
by rarer ones is slow. The frequency of FFH-moni-
toring for macrophytes in lakes is anticipated to be 
once every six years. 

The monitoring and assessment of diatoms which 
are suitable for the assessment of the effects of point 
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sources will possibly be carried out in different parts 
of the water body. 

Because the german LAWA project on the assess-
ment of benthic invertebrates is unfi nished and it is 
not possible to see which pressures may be indicated 
by benthos organisms no details can be given about 
the necessary frequencies of monitoring within the 
fi rst management period and thereafter. 

Spatial distribution of monitoring stations
Until the end of 2008 the validation of the risk assess-
ment (fi rst phase) will be conducted on a set of 72 
lakes > 50 ha in Schleswig-Holstein. Reliable data 
obtained from existing monitoring programmes from 
the year 2000 onwards will be included for validat-
ing status reports. Lakes in those programmes have 
annually changed.

The selection of monitored lakes for the second 
phase of the ongoing operational monitoring (begin-
ning in 2009) is directly related to the conducted 
measurement program. Therefore the determina-
tion of monitoring stations has to be manage fl ex-
ible. Concerning the distribution and selection of 
lakes for the operational monitoring, the exact sta-
tions of such a fl exible program cannot be named 
at this time. But for the assumption, that on all lakes 
with a moderate or poor quality measure programs 
will be undertaken, the number of lakes can be esti-
mated. In the PRB Schlei-Trave presumably 24 lakes 
were assorted for the operational monitoring that are 
thought to be representative for all occurring lake 
types. 

5.2.3.3 Investigative monitoring

If the ecological status of a lake is assessed as mod-
erate or worse and the causes are not clearly found 
in one or more pressure sources further biocoenoses 
as well as more elements such as hydromorphology 
(sediments) and physico-chemical parameters must 
be included in an investigative monitoring program. 

Investigative monitoring is meant as an addition 
to the operational monitoring. The frequency and 
selection of quality elements for this program must 
be adapted to the special questions arising from the 
individual ecological and pressure situation of a lake. 
Possible examples may be the loads from an infl ow 
or diffuse sources in agriculture. It may be necessary 

to establish new measuring points close to arable 
land on the shoreline to fi nd sources of pesticides. 
It may also be necessary to monitor after special 
events, for example precipitation. For Schleswig-
Holstein, one lake per year may be included in this 
monitoring program.

5.2.4 Gdansk 

The polish lake water quality monitoring network was 
also functioning as a rotating network that included 
most of the lakes once per 5 or 6 years. In case of 
this monitoring system, measurements were taken 
twice a year, in spring and autumn. As at least the 
larger lakes are included in the monitoring network, 
the selection of points was suffi cient for surveillance 
and operational monitoring. 

Similarly the comparison of the quality elements as 
required by the WFD with the lake monitoring situ-
ation until 2003 showed that biological monitoring 
only took place for those taxa that were included in 
the saprobic index. As this is a specifi c use that has 
little connection to the objectives of the biological 
monitoring for the WFD, biological monitoring had to 
be fully developed. The hydromorphological quality 
elements were monitored on a regular basis. 

The general physico-chemical quality elements 
were monitored as well as a group of other pollut-
ants. Regarding BOD and COD were measured as 
major indicators for the organic pressure as well as 
the faecal Coli-index. Chlorophyll a was measured as 
an indication of the nutrient pollution. Furthermore, 
major ions, detergents and metals were measured. 
There was, however, no source of metals present 
in the basin. As for the priority substances, volatile 
phenols were measured, as well as Cadmium, Lead, 
Mercury and Nickel.

The comparison of the monitoring requirements 
of the WFD and the lakes in the Pasleka sub-basin 
monitoring until 2003 is presented in table 5.2.8. 
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5.2.5 Kaliningrad 

5.2.5.1 Formation of the station 
network for regime observations on 
water bodies 

Selection of the location of monitoring sta-
tions 
Monitoring stations for pollution in lakes are located 
in the areas of:
− waste water discharges of big point sources;
− organized discharge of agricultural waste waters;
− spawning and wintering places of valuable fi sh and 

organism species;
− intersection of the state frontier;
− not exposed by direct anthropogenic impact 

including those located in the territories of pro-
tected areas and national parks in order to investi-
gate natural processes and to defi ne background 
status of water bodies.

The monitoring in the lakes is carried out both on a 
total water body and on its parts. During monitor-

ing on single polluted parts of the lake the sites are 
determined with account of the water cycle. Types of 
monitoring sites are defi ned in the same way as for 
water courses (table 5.2.9).

The horizontal distribution of monitoring sites at a 
lake is determined by the width of pollution zone: the 
fi rst vertical is located at a distance not less than 0.5 
km from the waste water discharge point or from the 
bank of the lake. The last one is located immediately 
over the boundary of pollution zone.

The number of samples in the vertical depth pro-
fi le is determined by a depth of a water body at the 
point of a measurement. If a lake is deeper than 5 m, 
one horizon is determined (near the water surface - 
from 0.2 to 0.5 m in summer time and near the lower 
surface of ice in winter). At the depth from 5 to 10 m 
two sampling horizons are determined (near the sur-
face and at a depth of 0.5 m from the bottom), at the 
depth over 10 m the number of horizons is three (one 
intermediate located on the middle of the depth). 

On the deep water bodies the following horizons 
are determined: near surface, at the depths of 10; 20; 
50; 100 m and near the bottom (in a stratifi ed water 

Requirements of the WFD Lake Monitoring Pasleka subbasin 

Biological elements 

• Composition, abundance and biomass of phytoplankton 

• Composition and abundance of other aquatic flora 

• Composition and abundance of benthic invertebrate fauna 

• Composition, abundance and age structure of fish fauna 

Monitoring of biological elements takes 

place for those taxa that are used to 

calculate the saprobic index. 

Hydromorphological elements supporting the biological elements 

• Hydrological regime: quantity and dynamics of water flow, 

residence time, connection to the groundwater body 

• Morphological conditions: lake depth variation, quantity, structure 

and substrate of the lake bed, and structure of the lake shore 

Hydromorphological elements are 

monitored on a regular basis 

Chemical and physic-chemical elements supporting the biological elements 

• General: transparency, thermal conditions, oxygen concentraation 

conditions, salinity, acidification status, and nutrient conditions 

• Specific pollutants: pollution by all priority substances identified as 

being discharged into the body of water, and pollution by other 

substances identified as being discharged in significant quantities 

into the body of water 

The same set of parameters as used for 

the river monitoring is used for lakes, 

with the addition of transparency. 

Table 5.2.8 
Comparison of the 
monitoring require-
ments of the WFD and 
the lake monitoring in 
the Pasleka sub-basin.
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Table 5.2.9
Types of monitoring 
sites. 

body one additional horizon is determined which is 
located in a stratum of a water density jump).

5.2.5.2 Programme (plan) of monitor-
ing lakes

The obligatory monitoring programme is carried out 
in a lake 4 times a year in periods which correspond 
to the following hydrological situations: 
− in winter at the lowest water level and the thickest 

ice; 
− at the beginning of a spring water body fi lling; 
− in the period of a maximum fi lling (at the highest 

water level); 
− at the lowest water level during summer and spring 

time. 

The monitoring frequency by hydrochemical and 
hydrobiological indices is determined in the same 
way as for the water courses.

Water body 
type

Characteristic of pollution 
source 

Number of sites Site location 

Water body Absence of organized waste 
water discharge or a uniform 
water body pollution. 

Not less than 
three on the total 
water body. 

If possible evenly located on the water area
with account of geomorphology of the bank
line and other factors. 

Water body Organised waste water 
discharge 

Not less than 
three on the 
water body with 
intensive water 
cycle. 

Approximately 1 km upstream of the 
pollution source (out of waste water 
influence); downstream of the pollution 
source: not less than two - at a distance 
of 0.5 km from the waste water discharge 
point and immediately over the boundary 
of the pollution zone. 

Water body Organised waste water 
discharge 

Not less than six 
on the water 
body with 
moderate and 
slow water cycle. 

In a part of a water body which is not 
impacted by pollution; across the waste 
water discharge point; on both sides from 
the waste water discharge: not less than 
two - at a distance of 0.5 km from the 
waste water discharge point and 
immediately over the boundary of pollution 
zone.

Sampling sediment 
cores using an offshore 
platform . Photo: M. 
Bohnwort.
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Table 5.2.10 
Frequency and periods 
of monitoring for the 
pesticide content in 
lakes. 

Water body 
Sites of categories 1-3 Sites of category 4 

Name of pesticide 

Fre-
quency  

Periods Fre-quency  Periods 

61) At the beginning of spring filling, in 
the period of maximum filling, at 
the lowest level during summer-
autumn period, in a period of 
vegetation, at the rain floods (2 
samples), before the ice covering. 

31) At the beginning of 
spring filling in the 
period of a maximum 
filling, at the lowest 
level in summer-autumn
period

Chlorine organic 
pesticides: GHCG, DDT 
and metabolites of DDE 
and DDT, triphrulaline 

42) At the beginning of a spring filling, in 
the period of a maximum filling, at 
the lowest level in summer-autumn 
period, before ice covering 

32) At the beginning of 
spring filling in the 
period of a maximum 
filling, at the lowest 
level in summer-autumn
period

Betanal, 2,4-D amine 
salt, dimetoate, 
carbophose, 
parathionemethyl, 
triallate, phenazon, 
phozalone, EPTC 

5 In April-August every month 
(recommended after the rain floods 
are over) 

3 At the beginning of the
spring filling in the
period of maximum
filling, at the lowest
level in summer-autumn
period

Atrazine, prometrine, 
simazine 

7 In April-August every month 
(recommended after the rain floods 
are over), peak of the flood, before 
the ice covering 

3 At the beginning of the
spring filling in the
period of maximum
filling, at the lowest
level in summer-autumn
period

Propanil, molinate 4 May-August (recommended to 
combine with the discharge of 
return water) 

3 At the beginning of 
spring filling, in the 
period of a maximum 
filling,  
At the lowest level in 
summer-autumn period

TCA 6 At the beginning of a spring filling, 
in the period of a maximum filling, 
at the lowest level of in the 
summer-autumn period, in the 
period of vegetation, at the rain 
floods (2 samples), before the ice 
covering 

3 At the beginning of 
spring filling, in the 
period of a maximum 
filling,  
At the lowest level in 
summer-autumn period

Water body Name of pollutant 

Frequency Period 

31) At the beginning of the spring filling, in the period of the maximum 
filling, at the lowest level in the summer-autumn period 

Chlorine organic 
pesticide 

22) In the period of the maximum filling, at the lowest level in the 
summer-autumn period 

Oil products, PAU 2-3  In the period of the maximum filling, at the lowest level in the 
summer-autumn period, preferably at the minimum levels in the 
period of the ice covering 

Heavy metals 2-3 In the period of the maximum filling, at the lowest level in the 
summer-autumn period, preferably at the minimum levels in the 
period of the ice covering 

Table 5.2.11 
Frequency and periods 
of bottom sediments 
sampling.

1) On the assumption of the chlorine organic pesticide applica-
tion. 2) In the absence of the chlorine organic pesticide applica-
tion.

1) On the assumption of the chlorine organic pesticide applica-
tion. 2) In the absence of the chlorine organic pesticide applica-
tion.
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Water pollution indices (Quality elements)
Monitoring of biological and toxicological indices is 
not allowed to be carried out at all sites. Observa-
tions are held on the sites where during the recon-
naissance investigation the most visible changes of 
the biotic communities were found out, as well as on 
the verticals where the communities are representa-
tive. QA list of the water pollution indices defi ned is 
determined with account of the same factors as for 
the water courses. A list of the hydrochemical and 
biological indices is defi ned similarly to the require-
ments made for the water courses. The monitoring 
of the pesticides content is carried out with account 
of the characteristics of their input location, migra-
tion and transformation. A list of priority pesticides 
recommended for the determination in water bodies 
is given in the table of the previous subchapter. 
Monitoring of pollutants content in the bottom sedi-
ments is allowed to be carried out with account of 
the equipment of the regional observation networks 
by the programme similar to that described for the 
water courses. 

5.2.6 Båstad, Laholm 

The current monitoring is restricted to the follow up 
of liming of the lakes Svarta sjö and Sjöaltesjön and 
comprises water quality and gillnet fi shing.

5.2.6.1 Surveillance monitoring

Swedish guidelines for monitoring according to the 
WFD are in progress but will not be ready until 2006. 
Surveillance monitoring comprises lakes assessed 
as having “Good ecological status”, i.e. two of the 
four lake water bodies in the catchment. For both 
lakes acidifi cation constitutes the main pressure.

The frequencies (Tab. 5.2.12) follow Annex V 1.3.4 
in the WFD, except for phytoplankton. Strong inter-
annual variation implies that phytoplankton should 
be monitored frequently every third year, rather than 
seldom every year. Measurements of priority pol-
lutants will, if needed, probably be performed in 
sediments or biota instead of water. In the lakes in 
question, priority pollutants are considered not rel-

Quality element Frequency Interval Comment 

Biological 

Phytoplankton 6/year Every 3´d year  

Phytobenthos ? ?  

Macrophytes 1/year Every 3´d year  

Macro invertebrates 1/year Every 3´d year  

Fish 1/year Every 3´d year  

Hydromorphological 

Hydrology 1/month   

Morphology 1/year Every 6´th year  

Physico-chemical 

Physical 4/year Every 3´d year  

Chemical 4/year Every 3´d year  

Priority pollutants ---- ---- Not relevant 

Other pollutants ---- ---- Not relevant 

Table 5.2.12 
Frequencies for surveil-
lance monitoring of 
lakes.



5. MONITORING OF SURFACE WATERS

204

Table 5.2.13 
Summary of suggested 
monitoring of lake water 
bodies.
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evant based on current knowledge about the use 
of such substances. It can also be discussed if it is 
necessary to do fi sh surveys every third year. In the 
liming programme we have up till now used a fre-
quency of every fi fth year, and the Swedish EPA now 
recommends a frequency of every tenth year. 

5.2.6.2 Operational monitoring 

Lakes Vemmentorpasjön and Svarta sjö are both 
assessed as having “Moderate ecological status”. 
Acidifi cation is the main pressure and monitoring 
therefore focus on water quality, macro fauna and 
fi sh.

The sampling frequencies will be four times a year 
for water quality, every third year for macro fauna, 
and every fi fth year for gillnet fi shing.

The sites, frequences and quality elements of the 
surveillance monitoring and operational monitoring 
are sumarized in Table 5.2.13.

5.3 Coastal waters
5.3.1 Fyn County 

Monitoring is an essential part of a Water Manage-
ment Plan, and has the primary purpose to evaluate 
the effect of measures taken to improve the ecologi-
cal quality in those water bodies, that do not comply 
with good ecological quality. A secondary purpose 
is to adjust these measures or to put new ones into 
force. This kind of monitoring is termed operational 
monitoring in the Water Framework Directive. Inves-
tigative monitoring may be used as a supplement 
if the reasons for insuffi cient ecological quality are 
not known. Surveillance monitoring is carried out in 
those water bodies that have good ecological qual-
ity according to provisional or current quality criteria 
and/or represent the signifi cant coastal types; the 
latter implies that a surveillance monitoring network 
in practice contains monitoring sites within coastal 
waters that has either good/high or moderate or 
poorer ecological status. 

Within the Odense PRB, the coastal water bodies 
are already included in the 6-year National Monitor-
ing Programme for the Aquatic Environment and the 
Terrestrial Nature (NOVANA, 2004-09). The national 
authorities in general view this programme as to rep-
resent at least the surveillance monitoring and parts 
of the operational monitoring. This is true for Odense 
PRB, however, but is probably not true if all coastal 

water bodies on the whole island of Fyn are consid-
ered.

According to the Danish national guidelines, only 
coastal waters that are assigned a specifi c objec-
tive in the Regional Plans are to be considered 
when implementing the WFD and, thus, should also 
be included in future monitoring programmes. The 
Bernet study area, which is identical to the Odense 
Fjord PRB, only encompasses two coastal water 
types (see chap. 2), the inner and outer part of 
Odense Fjord. Taking into account the natural quali-
ties of the fjord, the western part of the outer fjord 
(as well as the inner fjord) has been designated as an 
international protected area according to the Habi-
tats, Birds Protection and Shellfi sh Waters Directives 
(Natura 2000), and the outer fjord part is therefore 
divided into two water bodies. Hence, the following 
only applies for these three water bodies, the inner 
fjord and the eastern and western outer fjord.

The focus will be on the operational monitoring, 
as good ecological quality has not been attained for 
Odense Fjord according to the risk assessment in 
chap. 4 (and due to other considerations). At the end 
of this section, monitoring of pressures is treated.

5.3.1.1 Surveillance monitoring

Surveillance monitoring should be carried out in 
coastal water bodies which have a good ecologi-
cal status. As mentioned above, no coastal water 
bodies in the Odense PRB area have attained a 
suffi cient ecological status based on provisional or 
current quality criteria. When the operational moni-
toring eventually shows that the measures that have 
been taken to improve the ecological status have 
had a suffi cient effect, which in principle implies that 
all quality elements show at least good ecological 
status, the monitoring should then change status 
and switch from operational to surveillance monitor-
ing. The latter programme could proceed as pro-
posed in table 5.3.1. 

There are no dramatic differences between the 
proposed operational and surveillance monitoring 
programmes. Frequencies and/or number of sta-
tions are slightly lower with respect to pelagic qual-
ity elements in the surveillance monitoring and the 
benthic nutrient status is much less frequent. This is 
because the maintenance of good ecological status, 
once it is attained, most likely will be refl ected in the 
pelagic nutrient status. The extent of the monitor-
ing of macrophytes and macrozoobenthos are kept, 
because these quality elements may behave in a less 
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predictable way.
Although surveillance monitoring is performed 

when a water body has attained good ecological 
status, it is necessary to maintain a monitoring pro-
gram for the pressures, at least at a reduced level, to 
document a possible relapse, despite the measures 
taken, that later could result in a renewed deteriora-
tion of the ecological status of the water body. An 
example is the anthropogenic nutrient loads that 
need to be permanently reduced.

5.3.1.2 Operational monitoring

Due to its high status in NOVANA as an intensively 
studied fjord with high-frequency measurements 
of many variables, parts of the current monitoring 
program in Odense Fjord, especially the eutrophi-
cation-related monitoring is somewhat above what 
is needed, and certainly much above what is rec-
ommended, with respect to the WFD. However, 
this could suggest that the monitoring stated by 
the WFD may be an absolute minimum compared 
to the requirements. Not even a minimum, however, 
because the frequencies recommended in the WFD 
are considered to be far too low to document an 
improvement of the ecological status. 

Due to the detailed knowledge about the ecologi-
cal status of Odense Fjord, it is not necessary to vali-
date the results of the preliminary risk assessment. 
The operational monitoring in Odense Fjord should 
thus be designed to evaluate the success of the 
measures that will be taken. Therefore it is addition-
ally necessary to design a monitoring programme 
that take the recognized pressures into account. 

The operational monitoring programme proposed 
in table 5.3.2 is clearly affected by the current and 
previous high status of the fjord as an intensively 
studied area, e.g. due to the utmost importance of 
continuity and maintenance of a high quality in the 
existing, long time series. 

Biological quality elements: The extent of 
the biological monitoring needed is certainly much 
higher than recommended in the WFD. Odense 
Fjord shows a high degree of temporal variability 
both within a year, e.g. in pelagic variables like phy-
toplankton biomass or primary production, as well 
as interannual variation in benthic variables, like e.g. 
macrophyte coverage (macroalgae as well as rooted 
macrophytes) and abundance and biomass of mac-
rozoobenthos. 

The spatial variability in the fjord is also high, 
because the considerable water exchange between 
the fjord and the surrounding coastal sea creates 

Quality element Frequency (year-1) Interval Extenta

Biological 

Phytoplankton 26 every year 3 stns, 4 samples 

Macrophytes 2 every 2 years 10-30 transects 

Macrozoobenthos 1 every 2 years 50 stations, 1 sample 

Hydromorphological 

Morphology     1      every 6 years

Physico-chemical 

Temperature/salinityb 26 every year 3 stns, depth profiles 

Oxygenation 26 every year 3 stns, 4 samples 

Nutrient status, pelagic 26 every year 3 stns, 4 samples 

Nutrient status, benthic 1 / 8c every 6 years 3 stns 

Other pollutants 3 / 3d On demand  On demand 

Priority pollutants 3 / 3d On demand On demand 
a Extent for the whole fjord  
b Salinity is not recommended as a coastal water quality element in the WFD 
d Sediment pools / sediment-water fluxes 
c Concentrations (water, sediment, biota) / effect measurements on biota

Table 5.3.1 
Quality elements and 
measuring frequen-
cies for surveillance 
monitoring in the inner 
and outer fjord parts 
of Odense Fjord in 
Odense PRB. For the 
pelagic parameters, the 
program is carried out 
for one station in the 
inner fjord part, but 2 
stations in the two wa-
ter bodies in the outer 
fjord (i.e. 3 stations in 
total). The monitoring 
of pressures is not 
included. 
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a pronounced estuarine gradient from the mixing 
of freshwater from primarily Odense Å with the salt 
water from the neighbouring sea. It is thus found 
necessary to operate with 3 stations in the outer 
fjord, one of them representing deeper areas, prone 
to occasional oxygen depletion, in connection to the 
shipping lanes, and the two others representing the 
western and eastern water bodies. 

Hydromorphological quality elements: 
According to the WFD, the coastal monitoring should 
also include the hydromorphological quality element, 
‘morphology’. As morphological changes probably 
occur relatively slowly in Odense Fjord, it may only 
be necessary to perform this monitoring with large 
intervals - even rarer than the 6-year interval stated 
in tab. 5.3.2 and recommended in the WFD (see the 
investigative monitoring below, however).

Physico-chemical quality elements: For the 
same reasons as given above, i.e. a pronounced 
temporal and spatial variation, the extent of sam-
pling of pelagic, physical variables and eutrophica-
tion-related chemical and biological variables is high 

(26-52 year-1; table 5.3.2). Monitoring of salinity 
– not considered in the WFD – is necessary in order 
to evaluate the nutrient status, as this most of the 
time is highly dependent on the degree of mixing 
of fresh and salt water. As a pronounced source 
of nutrients, especially phosphorus, to the pelagic 
system is found in mobile sediment pools in Odense 
Fjord, giving rise to high nutrient fl uxes from sedi-
ment to water throughout summer, it is important to 
regularly monitor the status of these pools and the 
resulting nutrient fl ux; this is neither recommended 
in the WFD.

In terms of operational monitoring of hazardous 
substances, current NOVANA monitoring is gener-
ally less intensive than the WFD recommendations, 
and should accordingly be upgraded; this is espe-
cially true for Odense Fjord, where the pressure from 
certain hazardous substances, e.g. PAH’s and TBT, 
on biota is severe. 

Monitoring related to Natura 2000 areas: The 
transposition of the Shellfi sh Waters Directive is not 
yet fully completed in Denmark, and the monitoring 

Quality element Frequency (year-1) Interval Extenta

Biological 

Phytoplankton 26-52b every year 4 stns, 6 samples 

Macrophytes 2 every 2 years 10-30 transects 

Macrozoobenthos 1 every 2 years 
50 stations, 1 

sample 

Hydromorphological 

Morphology     1      every 6 years

Physico-chemical 

Temperature/salinityc 26-52b every year 4 stns, depth profiles 

Oxygenation 26-52b every year 4 stns, 6 samples 

Nutrient status, pelagic 26-52b every year 4 stns, 6 samples 

Nutrient status, benthic 1 / 8d every 3 years 3 stns 

Other pollutants 3-7 / 3e every 2 years 1-3 stns 

Priority pollutants 3-7 / 3e every 2 years 1-3 stns 

a Extent for the whole fjord (3 water bodies)  
b It might be necessary to monitor 1-2 of the 4 stations with weekly intervals (52 year-1)
c Salinity is not recommended as a coastal water quality element in the WFD
d Sediment pools / sediment-water fluxes
e Concentrations (water, sediment, biota) / effect measurements on biota

Table 5.3.2 
Quality elements and 
measuring frequen-
cies for operational 
monitoring in the inner 
and outer fjord parts 
of Odense Fjord in 
Odense PRB. For the 
pelagic parameters, the 
program is carried out 
for one station in the in-
ner fjord part, but 3 sta-
tions in the two water 
bodies in the outer fjord 
(i.e. 4 stations in total). 
For the hazardous sub-
stances (pollutants), 
frequencies are given 
for both measurements 
of concentrations and 
of effects on biota. The 
monitoring of pressures 
are not included. 
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required according to this directive therefore cannot 
be described in detail, but will probably need some 
more focus on hygienic monitoring. For Natura 2000 
sites, specifi c monitoring programmes to follow the 
achievement of good preservational status for spe-
cies as well as habitats selected according to these 
directives will be necessary. Such programmes are 
still under development.

5.3.1.3 Investigative monitoring

Investigative monitoring is meant as a supplement 
to operational monitoring, in the sense that it can 
be introduced if the causes for a moderate or worse 
status of a water body is not understood and cannot 
be attributed to known pressures, or if the impact of 
a specifi c event, be it natural or man-made, is to be 
established. Hence, investigative monitoring should 
be designed to address specifi c questions, and may 
then involve further quality elements (or indicators) 
than the ones mentioned above and also comprise 
pressures. 

A current example from Odense Fjord may illus-
trate this. Besides the large anthropogenic nutrient 
loads, it is suspected that such diverse factors as 
hazardous substances as well as internal sediment 
transport may have an impact on the relatively recent 
deterioration of eelgrass populations in Odense 
Fjord. In fact, specifi c investigations are currently 
undertaken to shed light upon this, as a kind of 
investigative monitoring preceding the WFD. 

5.3.1.4 Monitoring of pressures

It is very important to monitor the input of nutrients 
and hazardous substances from diffuse sources as 
well as point sources concomitantly with monitoring 
the ecological status of the receiving water body as 
described above. And this type of monitoring should, 
as mentioned above, proceed alongside both opera-
tional and surveillance monitoring programmes, and 
will inevitably be a part of most investigative monitor-
ing programmes.

Nutrients. The intensive and well-function-
ing current monitoring programme concerning the 
pressures arising from nutrient loads (nitrogen and 
phosphorus) to Odense Fjord should be continued 
and further improved. 

In short, freshwater discharge to Odense Fjord 
are monitored by continuous measurements at two 
intensive stations in River Odense Å and at 3 less 

intensive stations in 3 of the smaller water courses. 
At the former stations, nutrient concentrations (N 
and P) and organic matter concentrations are moni-
tored every day (P) or every other day (N and OM), 
but only every other week at the less intensive sta-
tions. In total, this monitoring covers the transport of 
water and matter in up to 80% of the total catchment 
area of 1061 km2, and the remaining ca. 20% is cal-
culated by knowledge of the land-use. The majority 
of the catchment area is arable land (about 65%), 
refl ected in the fact that point sources only constitute 
8 and 25% of the N- and P-transport (2004-data), 
the remaining is so-called diffuse transport from pri-
marily agricultural sources.

Point source nutrient loads to Odense Fjord are 
primarily determined from 3 major municipal treat-
ment plants in Odense, a landfi ll area located in the 
vicinity of the fjord and from near-coastal rainwater 
discharges; these together make up about 80% of 
the total point source load. However, every waste 
water facility with a capacity of more than 30 PE 
(person equivalents) or every industrial discharge 
larger than 30 PE is monitored, implying that almost 
100% of the point source nutrient load to Odense 
Fjord is monitored. 

Hazardous substances. As part of NOVANA, 
monitoring programmes for hazardous substances 
and heavy metals are currently running in Odense 
PRB. At one of the major municipal treatment plants 
in Odense and at the landfi ll site mentioned above, 
samples (mixed weekly sample and random sample, 
respectively) are taken 4 times per year every 3rd 
year for analysis of 65 hazardous substances (no 
pesticides, but belonging to groups like PAHs, halo-
genated aliphatic hydrocarbons, nonylphenols, chlo-
rophenols, phospho-triesters, and others) and 19 
heavy metals.

In River Odense Å, at a site upstream of the above 
mentioned treatment plant, monthly fl owproportional 
samples are taken every year for analysis of 57 haz-
ardous substances (30 pesticides as well as sub-
stances belonging to the above-mentioned groups) 
and 5 heavy metals. Additionally, a reduced version 
of this programme is running at another site in River 
Odense Å.

However, it will be a challenge to improve and 
expand this programme which monitor for sources 
and input quantities of hazardous substances, for 
which knowledge in general is still limited. Once 
established, however, such a programme may 
replace some of the concentration monitoring of haz-
ardous substances in the coastal waters and sedi-
ments, because these samples in general either just 
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Table 5.3.3. 
Overview about moni-
toring programmes in 
the coastal waters of 
West Finland.

Surveillance monitoring Operational monitoring 

  Number of sites Sampling frequency Number of sites Sampling frequency 

Type H        

Water quality (phy/chem.) 3 4 times/year 1 two times/week 

Macrovegetation 
whole area (remote 

sensing) 
once/3 year 

   

Macrozoobenthos (soft bottom) 10 once/3 year 10 once/3 year 

Macrozoobenthos (hard bottom)        

Sediment quality 10 once/3 year 10 once/3 year 

Phytoplankton 3 2 times(year    

Fish      one area once/year 

Type I        

Water quality (phy/chem.) 4 2-20 times/year    

Macrovegetation        

Macrozoobenthos (soft bottom) 20 once/3year    

Macrozoobenthos (hard bottom)        

Sediment quality 20 once/3 year    

Phytoplankton         

refl ect the load or do not refl ect the load at all due to 
e.g. chemical characteristics, which imply that they 
in general may be diffi cult to interpret in terms of eco-
system damage. On the other hand, it is extremely 
important to maintain and expand the monitoring of 
biota, both in the form of tissue concentrations of 
hazardous substances in biota (such accumulation 
may ‘integrate’ over input quantities) as well as their 
effects on biota. 

Physical pressures. Physical pressures, like e.g. 
the upkeeping of shipping routes and the extent of 
navigation by larger ships may also need specifi c 
monitoring programs. Besides, investigative moni-
toring could in some cases encompass physical 
pressures. 

5.3.2 West Finland 

The coastal waters dealt with in this description are 
presented in Figure 5.3.1. The inner archipelago 
belongs to type H and is signifi cantly infl uenced by 
pollution from farming areas in the catchment area 
of river Kyrönjoki and several smaller catchment 

areas draining their water straight into the coastal 
waters. In the characterization some parts of this 
type was estimated as being at risk of failing to meet 
the environmental objectives under article 4 in WPD. 
According to WPD this means that both surveillance 
and operational programmes have to be started.

The areas in the outer archipelago belong to type 
I. From current monitoring it is known that these 
waters have a better ecological state. It is therefore 
planned to only supplement the current surveillance 
monitoring with the biological elements now lacking 
(macrobenthos and macrofauna).

Some parts of the waters belong to the category 
protected areas, which according to WPD is areas 
designated for the protection of habitats or spe-
cies where the maintenance or improvement of the 
status of water is an important factor in their protec-
tion, including relevant Natura 2000 sites designated 
under Directive 92/43/EEC and Directive 79/409/
EEC. The location of the protected areas is presented 
in Figure 5.3.1. A common habitat is coastal lagoons 
of the type substantially infl uenced by freshwater 
fl ows. Part of them have a surface area of 0,5-1 km2 
which is the minimum area suggested for lagoons 
to be included in WPD process. In some guides is it 
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Figure 5.3.1 
The coastal water area 
of river Kyrönjoki.
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stated that also smaller can be included particularly if 
they are at risk of failing to meet the good status. The 
exact amount of lagoons and their ecological status 
are not known for the area. A survey of their status is 
going to be started in year 2006.

5.3.3 Schleswig-Holstein 

Baltic coastal waters of Schleswig-Holstein are char-
acterized by high dynamics caused by current, wind 
and waves as well as strong seasonal changes of 
salinity and temperature. The boundaries to other 
water bodies as well as to the open sea are fl uent 
making impacts from land and sea possible. A fur-
ther problem due to the often small-scale distribu-
tion of many organisms is the size of the area to be 
monitored and the extent of the water bodies. Areas 
in close proximity to the coast already amount to 
1.047 km² and the waterbodies covered measure 
44 km² on average. Monitoring must include map-
ping benthic elements (macroalgae, eelgrass, ben-
thic fauna) in such resolution that single water bodies 
can be described with appropriate accuracy as well 
as enabling the assessment of human impacts. 
The possibility for grouping waterbodies in order to 
reduce monitoring efforts is limited. The same goes 
for pelagic elements (phytoplankton, nutrients) in the 
inner coastal waters (fjords), whereas at the open 
coast an assessment of waterbody groups is pos-
sible due to the strong horizontal water exchange.

During past decades, monitoring has been car-
ried out by the national programme of the federal 
and state authorities (Bund-Länder Messprogramm, 
BLMP, since 1976) mainly of physico-chemical ele-
ments in water, sediment and biosphere as well as 
phytoplankton and macrozoobenthos within the 
HELCOM monitoring framework COMBINE. The 
knowledge and experience gained from these activi-
ties form the basis of the WFD monitoring scheme. 

5.3.3.1 Surveillance monitoring

In general, the “one to one” approach following the 
minimum frequencies given in the table in  ANNEX V 
chapter 1.3.4 of the directive will be followed. In case 
more information is needed for a proper assess-
ment, results from the operative monitoring should 
be used. Sampling frequencies are presented in 
Table 5.3.4.

Phytoplankton represents one of the best indi-

cators for eutrophication. Therefore species com-
position, abundance (including algae blooms) and 
biomass (chlorophyll a) are monitored. For each 
subcatchment and type measuring sites are chosen 
which represent several waterbodies. Of a total of 
24 water bodies, 10 will contain sampling sites. In 
addition to that two monitoring sites will be situated 
in the coastal waters in the one to twelve mile zone 
to be able to assess the infl uence of the open sea on 
coastal waters.

Surveillance monitoring for macrophytes will 
concentrate on perennial species like algae of the 
genus Fucus and Laminaria as well as eelgrass. 
Especially the lowest border of distribution will be 
monitored. Results from a project for the establish-
ment of a classifi cation system also suggest that it 
may be necessary to expand the monitoring range 
beyond the 1 nm border for B3 type water bodies to 
completely include the lower borders of for example 
Laminaria spp. Macrophytes will generally have to be 
monitored in all 24 waterbodies. The volume of this 
monitoring will depend on the classifi cation method 
and can only be assessed tentatively to date. 

Species composition, abundance and biomass of 
invertebrate fauna is monitored on representative 
monitoring sites, some representing several water 
bodies. Macrozoobenthos is a good indicator for 
eutrophication and subsequent oxygen defi cits. This 
becomes especially evident in fi ve deep seasonally 
stratifi ed water bodies (type B4) through a distinctive 
reduction in species composition in conjunction with 
a seasonal dying out of bottom dwellers. 

Concerning hydromorphological elements, 
distribution and structure of the substratum has 
been monitored approximately covering the area 
by grab samplers and sidescan sonar as well as by 
divers in shallow waters. Because sediment is not 
very dynamic in the deeper parts of the Baltic Sea, 
it is anticipated that for surveillance monitoring it will 
be suffi cient to monitor the sediment accompany-
ing biological monitoring as well as the seabed clas-
sifi cation system and ongoing mapping by diving. 
Not all water bodies will be included and for vali-
dation purposes those with the strongest changes 
in sediment will be monitored using the intervals 
suggested. The most important area-wide element 
will be the bathymetric monitoring which will be 
repeated every fi ve to six years by federal and state 
authorities. For the assessment of prevailing currents 
national and international operational models should 
be used. 

As nutrients are substantially needed as a support 
for the assessment of phytoplankton, monitoring of 
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Table 5.3.4. 
Sampling frequencies 
for monitoring coastal 
waters of Schleswig-
Holstein 

Quality 
element 

Minimum demands by 
WFD

Baltic Sea 

Monitoring surveillance operational

Biological Quality Elements

Phytoplankton 6 months 6 months 10-15 x per year 

Macrophytes 3 years 3 years 1 x per year 

Macrozoobenthos 3 years 3 years 1 x per year 

Hydromorphological Quality Elements 

Morphology 6 years 6 years 2 x per year 

Sediment 6 years 6 years 2 x per year 

Water level 6 years 6 years ongoing 

Chemical and Physical Quality Elements

thermal conditions 3 months 

oxygenation 3 months 

salinity

nutrient status 3 months 

3 months 10-15 x per year  

relevant pollutants 3 months 

priority substances 1 month 

only if discharged only if reduction measures are 

taken

Figure 5.3.2 
Map of Schleswig-Hol-
stein indicating coastal 
surveillance monitoring 
stations.
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the general and physico-chemical elements is 
carried out together with phytoplankton. The vari-
ables measured include Secchi-depth, temperature, 
oxygen, salinity, and the nutrients nitrate, nitrite, 
ammonium, total nitrogen, phosphate, total phos-
phorus and silicate. Twelve water bodies will be 
monitored.

Pollutants (synthetic and non-synthetic) for the 
assessment of the ecological status and priority 
substances for the assessment of the chemical 
status will be monitored only if they are discharged 
into a water body and if there are indications that the 
water body does not present good ecological status 
because of the pollutant load. Nine water bodies will 
be monitored. 

As a result of the different natural circumstances 
in the Schleswig-Holstein coastal waters at North 
and Baltic Sea the water bodies were arranged 
for a better management (planning, budget) of the 
surveillance monitoring into 7 functional groups. 
All 40 water bodies were divided into 18 groups of 
water bodies, each of them will be monitored in the 
same manner. Figure 5.3.2 shows a map, indicating 
coastal surveillance monitoring stations. For reasons 
of presentation the numerous monitoring stations of 
the different quality elements were united into “moni-
toring points” for each water body group. 

5.3.3.2 Operational monitoring

Operational monitoring will be carried out at water 
bodies where status reports and later surveillance 
monitoring do not show at least good ecologi-
cal quality or ecological potential or where quality 
norms from management aims for the achievement 
of super-regional environmental aims have been 
missed. Monitoring stations must be chosen to rep-
resent pressures from point and diffuse sources as 
well as hydromorphological pressures if these inhibit 
a good ecological status or good ecological poten-
tial. Moreover all water bodies situated in habitat 
protection zones (by EU Habitat Directive)  which 
may be at risk of failing the aims for good ecological 
status and specifi c protection aims will be included 
in operational monitoring. Monitoring stations will be 
chosen depending on the relevant and specifi c pres-
sures. If there are pressures from diffuse sources it 
will not be necessary to monitor every water body 
separately but suitable groups can be established. 

The coastal waters of the Baltic Sea present 
excessive dynamics compared to those of other 
waters because of their hydromorphological char-

acteristics. An added problem is that water bodies 
are distinguishable but interconnected. This is the 
reason why in operational monitoring the frequency 
of monitoring must be much higher than in the „one-
to-one“ approach of the surveillance monitoring (for 
sampling frequency see Table 5.3.4). The elevated 
frequency is to respond to high variation and there-
fore be able to distinguish between natural and man-
made effects. 

Numerical models being developed within the 
INTERREG-III-A Project „The marine environment of 
the western Baltic Sea” (MAEWEST) may strengthen 
the planning, putting into practise and assessment of 
operational monitoring of the Baltic Sea. This project 
aims to improve co-operation in surface water man-
agement within the catchment of the western Baltic 
Sea in accordance with the WFD. These specifi c 
aims will be set:
• developing joint hydrographic/biological models 

to promote surveillance and status reports for the 
marine environment of the Baltic Sea 

• developing models to predict the effects of changes 
of planned measures inland on the marine environ-
ment (analysis scenarios) and

• co-ordinating surveillance, status reports and 
load compilations for the western Baltic Sea by 
the regions as well as formalising data exchange 
across regional and national borders by for exam-
ple joint mapping of oxygen defi ciency areas in the 
western Baltic Sea.

In general, the information given above to the qual-
ity elements in chapter 5.3.3.1 is also valid here, but 
some more comments might be helpful: 

The interdependency between nutrient con-
tent and Phytoplankton is obvious. It will be 
necessary to perform operational monitoring 
on the observed pressure “oxygen defi ciency”. 
To be able to reveal the interdependency of these 
phenomena a total of fi fteen monitoring stations will 
be necessary.

For macrophytes, operational monitoring will 
focus on perennial versus seasonal-annual spe-
cies and their distribution especially near the lower 
boundary for perennials. These perennials include 
Fucus and Laminaria as well as some dulses and 
eelgrass, for which also the lower border of their 
distribution will need to be monitored. Also monitor-
ing seasonal and blooming species which indicate 
excess nutrients may become possible long-term 
without the necessity to determine the exact spe-
cies. However further research is necessary to 
understand why differences are so strong between 
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subsequent years in ephemerous algae (possibly 
joint infl uences by climate and nutrients). A weekly 
monitoring programme has been jointly established 
in 2004 at three stations in Kiel Bight by LANU and 
the Leibniz-Institute for Marine Sciences which may 
help to answer questions and later evolve into opera-
tional monitoring. It should be possible to achieve the 
desired reduction of ephemerous algae by reducing 
nutrient discharges and monitore these changes 
independently from climatic factors by using the 
high frequency of measurements. Generally it will be 
necessary to monitor at least annually to be able to 
distinguish the high natural fl uctuation in abundance 
from man-made changes. First results from a project 
for the development of a classifi cation system also 
suggest that coastal water type B3 may require an 
expansion of the monitored area beyond the 1 nm-
boarder.

The network of monitoring stations for macro-
zoobenthos will be expanded to coastal near areas 
not contained in the monitoring programmes yet. 
Depending on the assessment system more moni-
toring stations will be necessary where pressures 
are higher, namely near the larger estuaries and in 
deeper bights and fjords with little water exchange. 
A more detailed description of the monitoring pro-
gramme will follow after suitable indicators for the 
relevant pressures (for example eutrophication) have 
been found.

For hydromorphological elements the removal 
of boulders using ships resulting in a loss of suitable 
habitats for aquatic plants has been found to be a 
signifi cant pressure in the status assessment. Distri-
bution and natural replenishment of rocky substrates 
by abrasion of the coast will therefore be monitored. 
If hydromorphological quality elements will need to 
be monitored in addition to the biological elements 
or because of signifi cant pressures caused by future 
morphological changes the current monitoring pro-
gramme may need to be intensifi ed spatially or in its 
frequency depending on the scale of the changes 
or the nature of the planned measures. For certain 
more complex questions local modelling may add to 
or even substitute the monitoring programme.

The focus of operational monitoring for chemical 
and physico-chemical elements is on general 
elements (hydrography and nutrients) to supplement 
research on the biological element Phytoplankton, to 
point towards eutrophication in coastal water bodies 
which may be under pressure either from direct dis-
charges or estuaries of watercourses. Pollutants and 

priority substances will not be contained in opera-
tional monitoring unless focused measures have 
been taken in a sub-basin to eliminate pollutants and 
this needs to be validated in a coastal water body. 
Seventeen of the twenty-four water bodies will be in 
operational monitoring, of which seven will be of type 
B2 and fi ve each of B3 and B4 type. Some water 
bodies within the same subbasin will be monitored 
using a joint monitoring station. In the third quarter of 
every year the Oxygen content in deeper water will 
be monitored using additional spatial detail.

5.3.3.3 Investigative monitoring

Investigative monitoring is carried out only if opera-
tional monitoring results point towards a deterioration 
in water quality the source of which must be found. 
Therefore the design of the respective monitoring 
programme must be adapted to fi nd the source of 
the disturbance. The monitoring programme must 
then be designed or adapted to include additional 
parameters, additional measuring sites or frequen-
cies.

If for example the status of a coastal water body is 
deteriorating or special effects like mass mortality of 
macrozoobenthos, macroalgae or others occur the 
reasons must be found. 

In an easy case like manifold additional discharges 
from river basins and the concurring freights of nutri-
ents and pollutants can be found by accessing data 
from the river basins or by comparing data from the 
national coastal monitoring network. 

Investigative monitoring of biological quality ele-
ments will have to be developed, if changes are 
observed in research projects which cannot be inter-
preted and it must be attempted to show interdepend-
encies using hypothesis and focussed manipulative 
experiments. It may be possible to fund research 
in advance to be able to fi nd additional parameters 
or species which may be sensitive to further pres-
sures. This may include the infl uence of shipping and 
tourism on eelgrass and macroalgae in the shallow 
water. A screening programme may include a variety 
of marine organisms being exposed to pollutants to 
point out sensitivities (including reproduction) and 
make them available for monitoring purposes. Even 
complete benthic biocoenoses may be exposed to 
different pressures (pollutants in the mesocosmos, 
increased nutrients in areas with lesser pressure, 
increase of temperature).
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5.3.4 Gdansk 

As the monitoring of coastal waters was performed 
in locations too far from coastline its results are not 
suitable for the requirements of the Water Framework 
Directive. Due to the lack of data it is recommended 
to develop and introduce suitable regulation on the 
monitoring of coastal waters. This work is still going 
on in Poland.

5.3.5 Kaliningrad 

5.3.5.1 Formation of the station net-
work for regime observations 

Selection of monitoring station location
The stations for observing pollution of the coastal 
and marine waters are divided into 3 categories. The 
category is selected with account of the location and 
the capacity of the pollution sources, composition, 
concentration and forms of pollutants, physico-geo-
graphical and regional characteristics. The bound-
aries of the areas to be monitored are defi ned for 
each sea and the coastal zones separately taking 
into account the hydrometeorological regime, pollut-
ants and physico-geographical characteristics.

Stations of the category I are located:
• in the areas of population’s water consumption; 
• in the spawning places, fattening and seasonal 

concentration places of fi shes and other marine 
organisms;

• in the ports and near port water areas;
• in the place of waste water discharges by different 

polluting objects and agricultural enterprises;
• in places of oil exploring and production;
• on the estuarial part of the coast.

Stations of the category II are designed for carrying 
out monitoring of marine waters in the coastal areas 
and in the open sea, for investigation of the seasonal 
and annual variability of marine waters. The stations 
are located in the areas where an input of pollutants 
takes place due to the migration processes.

The stations of the category III are designed for 
carrying out monitoring of marine waters in the open 
sea, for investigation of an annual variability of marine 
water pollution and for the calculation of the balance 
of the chemical waters. The stations are located in 
the areas where the concentrations of pollutants are 
minimal.

Indices of water quality 

Horizons 

m

Oil hydrocarbons, 

chlorinated 

hydrocarbons 

Detergents,

phenols 

Heavy metals Other observations 

from full or reduced 

programme 

0 Is carried out Is carried out Is carried out Is carried out 

5 Is carried out Not carried out Not carried out Not carried out 

10 Is carried out Is carried out Is carried out Is carried out 

20 Is carried out Not carried out Not carried out  Is carried out 

50 Not carried out Not carried out Not carried out  Is carried out 

100 Not carried out Not carried out Not carried out  Is carried out 

500 Not carried out Not carried out Is carried out Is carried out 

1000 Not carried out Not carried out Is carried out Is carried out 

Near bottom Is carried out Is carried out Is carried out Is carried out 

  1) an additional horizon is a stratum of a temperature jump on which all determinations are made 

Table 5.3.5. 
Horizons of observa-
tions and location of 
verticals.

Sampling during ice 
cover.
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5.3.5.2 Programme (plan) of observa-
tions

Types of programmes and the frequency of obser-
vations are formed depending on the category of 
observation station.

Table 5.3.6. 
Types of observation 
programmes with 
frequency and periods 
of carrying out obser-
vations.

Types of observation programmes at the stations of categories Frequency of carrying out 

observations I II III 

Twice a month  (1st and 3d 

decades) 

Reduced programme  Not carried out 

Once a month (2nd decade) Complete programme  Not carried out 

5-6 times a year depending on 

hydrometeorological conditions  

Not carried out Complete programme   

2-4 times a year depending on 

hydrometeorological conditions 

Not carried out Complete 

programme  

Programme 

Index name Full Reduced  

Water salinity +

Visual observations over the surface condition + + 

Water temperature 

Total alkalinity 

Air temperature 

Velocity and direction of wind 

Roughness of the sea 

+

+

+

+

Coloration +

Transparency +

Detergents +

Dissolved oxygen and per cent of oxygen saturation  + + 

Hydrogen index + + 

Nitrite ions 

Phosphates 

Total phosphorus 

Total nitrogen

+

+

+

+

Silicon +

Oil hydrocarbons + + 

Phenols +

Heavy metals (mercury, lead, cadmium, copper) +  

Pesticides +

Pollutants specific for the given area +  

Indices of water pollution (Quality elements)
Table 5.3.7. 
A list of hydrochemical 
and hydrological indi-
ces used for the indica-
tion of water pollution.
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Bottom sediments and dredges
While carrying out the monitoring of marine waters, 
considerably less attention is paid to the bottom sed-
iments and dredges. However the assessment of the 
level of pollution does not refl ect the real level without 
the data on the content of pollutants in the bottom 
sediments and dredge. These data are necessary 
for making balance and prognostic calculations. 

The programme of monitoring of bottom sedi-
ments and dredge should include the determination 
of the following parameters:
• Detergents (anion, cation, nonionic)
• Oil hydrocarbons
• Phenols
• Pesticides
• Metals (mercury, manganese, iron, chromium, 

nickel, copper, zinc, cadmium, lead

Programme of carrying out observations by 
biological indices
I. A reduced programme of carrying out obser-
vations by hydrobiological indices provides for the 
determination:  
à) by phytoplankton:

- total number of cells, cell/dm³ 
- species composition, number and list of spe-

cies.
b) by zooplankton:

- total population of organisms, specimen/m³;
- species composition, number and list of spe-

cies.

c) microbe indices:
- total population of microorganisms cell/sm³;
- number of saprophyte bacteria, cell/sm³
- relation of the total number of bacteria to the 

number of saprophyte bacteria;
- concentration of phytoplankton chlorophyll

II. Complete programme of carrying out observa-
tions by hydrobiological indices:
à) Reduced programme
b) Phytoplankton:

- total biomass, g/m³ 
- species composition,  number and list of spe-

cies
- number of main systematic groups, number of 

groups
c) Zooplankton:

- total biomass mg/m³;
- population of main groups and species, 
- biomass of main groups and species

d) microbe indices:
- total biomass mg/dm³;
- quantitative distribution of indicating groups of 

marine microfl ora (saprophytic, oil oxidizing, 
xylol oxidizing, phenol oxidizing, lipolytic bacte-
ria), cell/sm³

- relation of the total number of bacteria to the 
number of saprophytic bacteria;

- intensity of phytoplankton photosynthesis (pri-
mary production).

Figure 5.3.3 
Map of the Vistula La-
goon indicating moni-
toring stations in the 
kaliningrad area.
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5.3.6 Båstad, Laholm 

Today monitoring of the Laholm Bay is performed 
within two programmes, divided by the border 
between the counties of Halland and Scania. Hydro-
graphical measurements are made at two stations, 
phytoplankton at one station and soft bottom fauna 
at these and one other station.

5.3.6.1 Surveillance monitoring

The preliminary assessment of ecological status of 
the bay points at “Poor” or “Moderate” status. This 
might change depending on the fi nal design of the 
revised environmental quality criteria (announced to 
2006). For the moment, however, all monitoring in 
the bay will be operational.

Surveillance monitoring according to the WFD 
is presented in Tab. 5.3.8. Considering the large 
variance in both biological and physico-chemical 
parameters, increased sampling frequencies would 
be desirable in many cases. Phytoplankton sampling 
twice a year implies a large risk of missing bloom 
maxima.  For macro invertebrates, sampling every 
third year will demand very long time series in order 
to detect statistically signifi cant changes in status 
classifi cation. This is also true of physico-chemical 
parameters. As for inland water bodies, priority pol-
lutants will probably be monitored in sediment and/
or biota instead of water.

Figure 5.3.4 
Monitoring stations in 
the Laholm Bay.
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Quality element Frequency Interval Comment 

Biological

Phytoplankton 2/year Every year 6/year, every 2’d year? 

Phytobenthos 1/year Every 3´d year  

Macroalgae 1/year Every 3´d year Every year? 

Macro invertebrates 1/year Every 3´d year  

Hydromorphological

Morphology 1/year Every 6´th year 

Physico-chemical

Physical 4/year Every 6´th year Not enough? 

Chemical 4/year Every 6´th ear Not enough? 

Priority pollutants 12/year Every 6´th year Sediment and/or biota 

Other pollutants 4/year Every 6´th year Sediment and/or biota 

5.3.6.2 Operational monitoring 

The operational monitoring is based on the currently 
running monitoring programme.  Eutrophication, 
expressed in plankton blooms, changed species 
composition of macro algae, oxygen defi cit in bottom 
water, and affected macro fauna, constitutes the 
main pressure. The current programme comprises 
monitoring of macro fauna, phytoplankton and phys-
ico-chemical parameters. It will be completed with 
studies of macro algae at fi ve locations which were 
monitored during the 1980’s and 1990’s. In addition 
a base study of priority pollutants in sediment from 
accumulation areas is suggested.

Summary of suggested monitoring of coastal 
water bodies
Water body: The Laholm Bay
Ecological status:  Moderate  
Pressures: Eutrophication

Table 5.3.8. 
Monitoring frequency 
for surveillance of coas-
tal waters according to 
the WFD.

Type of monitoring: Operational

 Quality elements:  — frequency: — number of sites/stations:
• Macroinvertebrates  — 1/year, every year  — 3 stations
• Phytoplankton  — 12/year, every year  — 1 (2) stations
• Macro algae  — 1/year, every 3’d year  — 5 stations
• Physical-chemical  — 12/year, every year  — 2 stations
• Priority pollutants  — once  — 1 station

Shallow water sampling 
in waders.
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5.4 Cross-regional comparison

for chlorine-organic pesticides, at reclamation areas 
or sites of anthropogenic eutrophication. 

The monitoring of Gdansk is divided into three 
levels, namely a national, regional and local pro-
gramme. Since 2004 a new monitoring frequency 
routine is introduced, that is harmonised with the 
requirements of the WFD. No information’s could be 
delivered by the partner region, how the three levels 
are engaged in the monitoring and about operational 
monitoring of quality elements (stations, elements, 
frequencies). So direct comparisons are diffi cult.

The rationale of the WFD is principally adopted 
by the partner regions. Differences arouse from 
specifi c pressures. For instance, the monitoring of 
the river Stensan system by Bastad acknowledges 
in particular acidifi cation, which is not an issue e.g. 
in Schleswig-Holstein. Other differences consist in 
omitted biological quality elements, e.g. phytoplank-

5.4.1 Rivers

The BERNET partner regions face the challenge to 
transform their ongoing monitoring programs into 
the rationale of the WFD, except for the Kaliningrad 
region. The present very extensive approach of the 
Kaliningrad region strongly differs from the monitor-
ing of the WFD and is therefore diffi cult to compare. 
Main differences arise from the temporal organisa-
tion of monitoring and the chosen parameters, with a 
stronger emphasis on abiotic variables, though also 
biological parameters are investigated. The moni-
toring frequencies focus on the discharge regime 
instead of fi xed frequencies and intervals, because 
the investigations are carried out during low water 
and high water periods. A long-term monitoring is 
carried out on the basis of a national-wide program. 
Furthermore specifi c programmes are implemented 

Lower Schierensee 
Stream - a lake outlet 
with a very diverse 
macrozoobentic fauna, 
Photo: M. Brunke, 
LANU.
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Table 5.4.1. 
Surveillance monitor-
ing in rivers: Intervals 
between sampling/
measurement “events” 
(e.g. 2 years between 
sampling in a river) 
for different quality 
elements as stipulated 
in the WFD, and as 
suggested/planned by 
the BERNET partner 
regions. +: same fre-
quency as demanded 
by the WFD; >+:  more 
frequently than de-
manded by WFD; -: no 
monitoring of quality 
element, o:  no com-
parison possible, n: no 
information available.

Surveillance monitoring in rivers in the BERNET partner regions 

Quality element WFD Laholm Fyn Schleswig-
Holstein 

Gdansk Kaliningrad West 
Finland 

Biological elements 

Phytoplanton 6 months - - 2 months n o - 

Macrophytes 3 years + + + n o >+ 

Phyto-
benthos/Diato
ms

3 years - - + n o - 

Macrozoo-
benthos

3 years + + + n o >+ 

Fish 3 years + + + n o >+ 

Hydromorphological elements 

Continuity 6 years + + + + o + 

Hydrological 
regime 

Continu-
ously 

+ + + n o + 

Morphology 6 years + + + n o + 

Physical-chemical elements 

Thermal condi-
tions

3 months >+ + >+ n o 2-4 months 

Oxygen content 3 months >+ + >+ n o 2-4 months 

Salinity 3 months >+ + >+ n o 2-4 months 

Nutrient status 3 months >+ + >+ n o 2-4 months 

Acidification 
status 

3 months >+ + >+ n o 2-4 months 

Other pollu-
tants

3 months >+ + >+ n o 2-4 months 

Priority pollu-
tants

1 months - + >+ n o 2-4 months 

ton and phytobenthos/diatoms for Fyn, West Finland 
and Bastad, because they are of no relevance in their 
types of water bodies. Some partner regions have 
chosen shorter monitoring frequencies for particular 
biological quality elements (Table 5.4.1). Schleswig-
Holstein continues to monitor also some water bodies 
which are smaller than the given system of the WFD 
in particular to monitor the macrozoobenthos of the 
remaining small high quality streams. The monitoring 
of aquatic Natura 2000 areas and species is inte-
grated in the operational monitoring by Fyn, West 
Finland and Schleswig-Holstein. For investigative 
monitoring, West Finland uses automatic sampling 
stations (biotests). 

5.4.2 Lakes

According to the WFD all countries within the EC 
have to develop a monitoring program, which should 
be readily implemented at the end of 2006. Recently, 
this task is processed in all longer established EG-
BERNET regions (Fyn, West-Finland, Schleswig-
Holstein, Bastad), but with a different status quo. 
Whereas the lake monitoring programs of Fyn and 
Schleswig-Holstein are in a fi nal developing stage, 
the establishing of this program in West Finland and 
Bastad has just begun and will not be fi nished before 
the end of 2006. However, all mentioned countries 
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have a similar concept of monitoring lakes in the 
three categories of surveillance, operational and 
investigative monitoring according to the WFD. 

Although they follow the same basic guidelines, 
there are national differences concerning the kind of 
monitored quality elements and the frequencies of 
measurements (see table 5.4.2). 

In the surveillance monitoring program mostly 
all countries investigate the complete set of all fi ve 
biological quality elements as prescribed by the 
WFD. Fyn and Bastad decided to exclude phytob-
enthos, because this biota has not been monitored 
in the national routine programmes and an assess-
ment system is not yet available. West Finland has 
not planned to monitore phytoplankton in the WFD 
lake monitoring program so far. But this should be 
change in future, if the existing “Finnish Eurowater 

Network” program (which include monitoring of phy-
toplankton and algal blooms) will be adapted to the 
WFD requirements.

Concerning the surveillance monitoring frequen-
cies, all regions with an established WFD-monitoring 
suggest deviations from the frequencies and intervals 
given by the WFD. For quality elements with high nat-
ural variability the WFD-frequencies were enhanced 
to obtain a reliable picture of the ecological status of 
the individual lake. So phytoplankton and supporting 
physico-chemical quality elements will be monitored 
more frequently, because the WFD-frequencies are 
too small to assess long-term natural changes as 
well as long-term anthropogenic changes. For qual-
ity elements exhibiting very small variability, e.g. lake 
morphology, the monitoring frequency was reduced, 
also due to economic and fi nancial aspects.

Surveillance monitoring in lakes in the BERNET partner regions 
Quality ele-
ment 

WFD Laholm Fyn Schleswig-
Holstein 

Gdansk Kalinin-
grad

West Fin-
land

Biological elements 

Phytoplankton every year
(2)

3 years (6) 3 years (7) 3 years (6) n o 3 years (1)

Macrophytes 3 years (1) + + + n o 4 years (+.)

Phyto-
benthos/Diatom
s

3 years (1) - - + n o n.d. 

Macrozoo-
benthos

3 years (1) + + + n o 6 years (+.)

Fish 3 years (1) + 6 years (+) 6 years (+) n o 6 years (+.)

Hydromorphological elements 

Hydrology every year
(12)

n 3 years (+) 6 years (+) n o n.d. 

Morphology 6 years + + once at all n o n.d. 

Physical-chemical elements 

Thermal condi-
tions

every year
(4)

3 years (+) 3 years (7) 3 years (6) n o + (4-6)

Oxygen content every year
(4)

3 years (+) 3 years (7) 3 years (6) n o + (4-6)

Salinity every year
(4)

3 years (+) 3 years (7) 3 years (6) n o + (4-6)

Nutrient status every year
(4)

3 years (+) 3 years (7) 3 years (6) n o + (4-6)

Acidification 
status 

every year
(4)

3 years (+) 3 years (7) 3 years (6) n o + (4-6)

Other pollutants every year
(4)

- on demand on demand
(6)

n o n 

Priority pollu-
tants

every year
(3)

- on demand on demand
(6)

n o n 

Table 5.4.2
Surveillance monitor-
ing in lakes showing 
both intervals between 
sampling/measurement 
“events” (e.g. 2 years 
between sampling in 
a lake), and frequen-
cies (the number of 
samplings within a 
sampling events, e.g. 
7 samplings within a 
given sampling year) 
for different quality ele-
ments as stipulated in 
the WFD, and as sug-
gested/planned by the 
BERNETcatch partner 
regions. Intervals are 
shown in red colour, 
frequencies in green 
colour and in brackets. 
+: same as demanded 
by the WFD; -: no 
monitoring of quality 
element, o:  no com-
parison possible, n: no 
information available; 
n.d.: not decided. Black 
colour is used, when 
both intervals and fre-
quencies correspond 
with WFD demands, 
and for “-“, “0”, “n”, and 
“n.d.”.
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The operational monitoring programs are organ-
ized country-specifi c in a very different way. 

In most regions exists national programs which 
are used to support the WFD monitoring program. 
For instance Fyn, has developed a very ambitious 
national program called NOVANA (National Monitor-
ing Programme for the Aquatic Environment and the 
Terrestrial Nature). The NOVANA program differenti-
ate between three groups of lakes with a determined 
surface size that is related to the expense of monitor-
ing with respect of measured (sensitive) quality ele-
ments, frequencies and intervals. Hence, large lakes 
are monitored more frequently to evaluate the effect 
of measures, whereas for the small lakes and ponds 
(0.1-5 ha, 0.01-0.1ha) a reduced monitoring program 
was adjusted. 

The economic task, that not all occurring lakes 
in a catchment can be monitored continuously is 
solved by assorting of lakes that are thought to be 
representative. This strategy is followed by Fyn but 
also by Schleswig-Holstein, where the representa-
tive lakes were selected in terms of lake type, hydro-

logical interrelationships (river-lake-systems), kind 
and amount of pressure(s), degree of degradation 
(lakes with high regeneration potential) and conduct-
ing measures.

In the operational monitoring not all biological 
quality elements have to be investigated. Therefore 
most regions have decided to choose biota which 
are (1) most sensitive for the specifi c pressures and 
(2) which are suitable to control the success of the 
taken measures. Lakes, situated in the agricultural 
characterized lowlands of Fyn and Schleswig-Hol-
stein suffer mainly from diffuse nutrient input. So 
phytoplankton and/or macrophytes/ phytobenthos 
will be monitored as the most sensitive organisms 
for indicating eutrophication. In contrast, in the scan-
dinavian lakes acidifi cation is the main pressure and 
the operational monitoring therefore focus on water 
quality, macrofauna and fi sh.

The design of an investigative monitoring pro-
gram is important, e.g. in case of accidental pol-
lution or when the operational monitoring have not 
already been established. The analysis of the given 

Surveillance monitoring in coastal waters in the BERNET partner regions 
Quality ele-
ment 

WFD Laholm Fyn Schleswig-
Holstein 

Gdansk Kalinin-
grad

West Fin-
land

Biological elements 

Phytoplankton every year
(2)

+  + 
(26)

+ na ob + 

Macrophytes 3 years 
(1)

+ 2 years  
(2)

+ na o + 

Macrozooben-
thos

3 years 
(1)

+ 2 years 
(1)

+ na o + 

Hydromorphological elements 

Hydrology every year
(12)

n.d. n.d. Continu-
ously 

na ob n.d. 

Morphology 6 years + + + na o n.d. 

Physical-chemical elements 

Thermal condi-
tions

every year
(4)

6 years 
(+)

+
(26)

+ na ob +
(2-20)

Oxygen content every year
(4)

6 years
(+)

+
(26)

+ na ob +
(2-20)

Salinity every year
(4)

6 years 
(+)

+
(26)

+ na ob +
(2-20)

Nutrient status every year
(4)

6 years
(+)

+
(26)

+ na ob +
(2-20)

Other pollutants every year
(4)

6 years 
(+)

o.d. 3 years
(3)

o.d.
 (+) 

na

ob
3 yearsc

(3)
Priority pollut-
ants

every year
(12)

6 years 
(+)

o.d. 3 years
(3)

o.d.
 (+) 

na ob 3 yearsc

(3)

a No information available yet for the Polish WFD Coastal Monitoring Programme (in preparation) 
b For information on the Kaliningrad Coastal Monitoring Programme please consult the BERNETcatch Work Package 1 report. 
c Only sediment sampling 

Table 5.4.3
Surveillance monitor-
ing in coastal waters 
showing both intervals 
between sampling/
measurement “events” 
(e.g. 2 years between 
sampling in a given 
coastal area), and fre-
quencies (the number 
of samplings within a 
sampling event, e.g. 
7 samplings within a 
given sampling year) 
for different quality ele-
ments as stipulated in 
the WFD, and as sug-
gested/planned by the 
BERNETcatch partner 
regions. Intervals are 
shown in red colour, 
frequencies in green 
colour and in brackets. 
+: same as demanded 
by the WFD; o:  no 
comparison possible, 
n: no information avail-
able; n.d.: not decided. 
Black colour is used, 
when both intervals 
and frequencies cor-
respond with WFD 
demands, and for  “n” 
and “n.d.”. o.d.: “on de-
mand” - i.e. if there are 
indications that priority 
pollutants and other 
pollutants are emitted 
to the aquatic environ-
ment. 
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regional information shows, that this program is in 
all BERNET regions of less importance compared to 
the other two categories and will be attributed only 
to a very small number of lakes.

The monitoring programs of Gdansk and Kalin-
ingrad region are diffi cult to compare to the others, 
because they do not use the three categories of sur-
veillance, operational and investigative monitoring.

The polish lake monitoring is designed as a rotat-
ing network that included most of the lakes once 
per 5 or 6 years. It is stated by the partner region, 
that the selection of points is suffi cient for surveil-
lance and operational monitoring. But there could be 
no information submitted, how the three levels are 
engaged in the monitoring and about operational 
monitoring of quality elements (stations, elements, 

frequencies). So a cross-regional comparison is dif-
fi cult. But it seems to be for sure, that the monitoring 
of the biological quality elements has to be extended, 
because recently only saprobic taxa are monitored.

Kaliningrad region has developed a really exten-
sive approach for monitoring lakes, which differs to 
the aims and requests of the WFD. The obligatory 
monitoring program is strongly related to the corre-
sponding hydrological regime. This means that water 
level, mixing conditions and ice cover determine 
the time period and frequency of monitoring. This 
allows a very fl exible monitoring, which is necessary 
for the detection of pesticides that are extensively 
investigated in this region. As well as for the rivers, 
the monitoring focuses mainly on abiotic variables, 
though also biological parameters are investigated.

Quality 
element 

Schleswig-
Holstein 

Fyn Bastad Westfinland1 Kaliningrad2 Gdansk3

Biological Quality Elements

Phytoplankton 10-15 x / year 26-52 x / year 12 x / year - + ? 

Macrophytes 1 year 2 x every 2 years 3 years - - ? 

Macrozoobenthos 1 year 2 years 1 year 3 years - ? 

Hydromorphological Quality Ele-

ments

Morphology 2 x / year 6 years ? ? - ? 

Hydrology continously ? ? ? + ? 

Chemical and Physical Quality Ele-

ments

Thermal condi-

tions

Oxygenation

Salinity

Nutrient status 

10-15 x / year 26-52 x / year 12 x / year 2 x / week + ?

Other  pollutants only if reduction 

measures are 

taken

(4 x year) 

3-7 x every 2 

years

?

Priority sub-

stances

only if reduction 

measures are 

taken
(12 x year) 

 3-7 x every 2 

years

1 x 

? Sediment qual-

ity ? 
3 years 

+ ?

Table 5.4.4 
Comparison of coastal 
operative monitoring 
frequencies.

                                                
1 Additional Variable: Fish, 1x / year 
2 For Information on Kaliningrad Coastal Monitoring Programme please see chapter 5.3.5 
3 Polish WFD Coastal Monitoring Programme in development, no information available. 
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5.4.3 Coastal waters

In most countries the development of WFD monitor-
ing schemes profi t from the experience gained from 
many years of practical coastal water monitoring on 
regional or national scale. This applies in particular 
to the methods used. The design of the programs 
is determined mainly by the demands of the various 
classifi cation systems, which in some cases are still 
under development. Therefore the monitoring pro-
grams presented by the regions are still in a draft 
stage, and minor or bigger changes in near future 
are most probable. No information was available 
from Gdansk, where near-coastal monitoring has not 
been performed during the last years; hence, a new 
program is under development.

Table 5.4.3 shows the frequencies used/planned 
in surveillance monitoring in the partner regions. 
Biological quality elements are measured by all “old” 
EU regions, and apart from Fyn these also follow the 
minimum frequencies given in Annex V. The deviation 
in Fyn is especially evident in pelagic variables like 
phytoplankton and nutrients, where 26 samplings 
per year are taken in contrast to a minimum fre-
quency of every 6 months as requested by the WFD. 
This elevated frequency is chosen due to the pro-
nounced temporal and spatial variation of these vari-
ables in the Western Baltic Sea. The same conditions 
also prevail in Schleswig-Holstein. However, here the 
needed information for a proper assessment will be 
taken from the more frequent operational monitoring 
(see below). Pollutants and priority substances are 
analysed in Fyn and Schleswig-Holstein only if there 
is a suspicion of discharge, whereas Laholm runs a 
screening every 6 years and West Finland monitors 
every 3 years. 

For the coastal operational monitoring (table 
5.4.4), the biological quality elements (and the sup-
porting chemical and physical quality elements) are 
generally monitored more frequently than in the sur-
veillance monitoring. Thus, phytoplankton (together 
with hydrography and nutrients) is measured 10-52 
times per year in the westerly located regions. In 
West Finland phytoplankton and macrophytes are 
not part of the program, whereas fi sh is only moni-
tored in this region (once a year). Macrozoobenthos 
is sampled in all “old” EU countries once every year 
as well as every 2nd (Fyn) or 3rd (West Finland) year. 
Compared to the clear picture in the surveillance 
monitoring (see above), the status of the operative 
monitoring for pollutants and priority substances 
is unclear in some regions. Whereas Fyn intend to 

sample every 2 years, the monitoring in Schleswig-
Holstein is carried out only if reduction measures are 
taken in the associated catchment. In Laholm a base 
study of priority substances in sediments will be car-
ried out and the results will determine the outline of a 
possible monitoring program, whereas in West Fin-
land the sediment quality will be investigated every 
3rd year.

Investigative monitoring is supposed to be car-
ried out only if operational monitoring results point at 
an unexplained deterioration of the ecological status. 
No such monitoring programs have, however, been 
presented by the regions as the operational moni-
toring has not started yet and, thus, no results are 
available. 

Although not a prerequisite in the WFD, Fyn points 
at the need for establishing or expanding programs 
for the monitoring of pressures concomitantly 
with monitoring the ecological status of the receiving 
water body; i.e., monitoring the input of nutrients and 
hazardous substances from diffuse sources as well 
as point sources. 

The coastal monitoring in Kaliningrad deviates 
considerable from that presupposed in the WFD. It 
is therefore diffi cult to make proper comparisons. 
However, hydrography, water chemistry and pollut-
ants (like chlorinated hydrocarbons, phenols, and 
heavy metals) are main elements of the program. 
Biological variables include pelagic parameters like 
phytoplankton, zooplankton, and microbial indices, 
whereas neither macrofauna nor macrophytes are 
considered. The sampling frequency varies from 
twice a month to 2-4 times a year.
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6. Summary

6.1 Introduction

This report is a part of the BERNETcatch project that 
aim at qualifying the concept of the Water Framework 
Directive, and to strengthen the regional capacity 
with specifi c focus on integration with the statutory 
physical planning, and on public participation and 
ownership among stakeholders. With the broad rep-
resentation in the Baltic Sea Region, including the 
Fyn (Denmark), West Finland, Schleswig-Holstein 
(Germany), Gdansk (Poland), Kaliningrad (Russia), 
and Laholm Bay (Sweden), the project highlights the 
Pan-Baltic perspective, and the inter-dependence 
among regions on the quality of the aquatic environ-
ment – especially the Baltic Sea. One common goal 
of the project is to supply a Water District Plan for a 
selected catchment (a “pilot area”) in each partner 
region, suggesting concrete measures that may con-
tribute to improve the quality of the surface waters, 
followed by a monitoring programme designed to 
evaluate the expected positive effects of the meas-
ures. The project, thus, aims at “playing” the proc-
ess of the WFD, even though national guidelines and 
administrative “tools” may not be fully at hand at this 
early phase of the implementation process. The over-
all goal of WFD is to achieve at least “good ecological 
status” (or for some water bodies “good ecological 
potential”) in all water bodies before 2015.

The BERNETcatch project is organised into three 
Work Packages. The present report from Work 
Package 1 focuses on the fundamental template for 
carrying out a Water District Plan. Firstly, a typology 
for each category of surface water (water courses, 
lakes, coastal waters) must be provided. Subse-
quently, a reference condition has to be defi ned for 
each lake, river, and coastal water type. This refer-
ence condition is the necessary template for estab-
lishing classifi cation systems that enable the water 
authorities to assess the ecological quality of the 
surface waters. How this assessment is carried out 
in practice is described in a monitoring programme. 
The report also focuses on the process of defi ning 
practical units of surface waters, the so-called water 
bodies, and which of these that can be identifi ed as 

physically modifi ed or artifi cial, and making the fi rst – 
and provisional – assessment of the risk that “good” 
ecological quality is not achieved before 2015.

6.2 Typology

Necessity for a typology
According to the Water Framework Directive relevant 
surface waters should be differentiated according to 
type and reference conditions established for each 
of these types. The main purpose of such a typology 
is to enable type specifi c reference conditions to be 
defi ned which accordingly are used as the template 
for classifi cation systems. This is a necessary and 
important step, because the biological quality ele-
ments (fi sh, macrozoobenthos, macrophytes and 
algae) differ not only between the categories (rivers, 
lakes, coastal waters) but also within each category.

Rationale of a typology according to the WFD
The WFD defi nes two different systems – “A” and “B” 
- that can be used to establish a typology. The two 
systems are rather similar in that the same obligatory 
factors are to be used. These factors are geographi-
cal position, altitude, size, geology and especially for 
lakes, also water depth. System A, however, differs 
by prescribing how water bodies shall be character-
ised spatially (i.e. by ecoregions) and with respect to 
specifi c altitude, size and depth intervals, whereas 
system B besides lacking this prescription, permits 
the use of additional factors – the so-called optional 
factors. The Member States are free to decide what 
system to use. However, in case system B is chosen, 
this must not result in a greater variability in type 
specifi c reference conditions values than if system A 
had been used. The meaning of this requirement is 
that the Member States should avoid using a over-
simplifi ed typology systems (i.e. too few types) if this 
means that the variability in the type specifi c refer-
ence conditions for each type is unacceptably high. 
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Although the Directive suggests the use of several 
specifi c optional factors, the Member Sates are 
allowed to use other factors when this is appropri-
ate. These principles are described in the guidance 
document nr. 10 (Working Group 2.3 – REFCOND, 
2003).

Typology approaches by partner regions: 
rivers
Out of the six partners in the BERNETcatch project, 
only one partner states to exclusively use system 
A of the WFD typology approach, three partners 
state that they will probably use system B; however, 
at present it is not clear which optional factors are 
used for system B. One partner clearly uses system 
B. This vague situation arises because the regions 
depend on proposals given by the governments. 
Furthermore, one partner uses a completely differ-
ent typology since he is not a member of the EU. 
Thus a completing comparison of the typologies is 
actually not possible.

Main differences in the abiotic and biotic condi-
tions of the stream enclosed in the BERNET project 
exist due to the three different ecoregion that were 
found in the countries. This fundamentally affects the 
ecological quality components, because fauna, fl ora 
and abiotic ecological factors strongly differ between 
the ecoregions. 

West Finland is the only partner that belongs to 
the Fennoscandian shield. The Kaliningrad region 
belongs to the Baltic region, whereas the nearby 
Gdansk region is located across ecoregion bounda-
ries (Baltic region, Eastern plains). However, the pilot 
river basin is part of the same hydrological system 
(Vistula lagoon). As the Kaliningrad region is able 
to display its streams according to system A of the 
WFD, a detailed comparison of the quality elements 

and a mutual exchange across the boundaries may 
be possible. A detailed analysis is probable neces-
sary to test for possible differences due to effect of 
ecoregion boundary on the biological quality com-
ponents.

Laholm Bay, Fyn and Schleswig-Holstein belong 
to the ecoregion Central lowlands. However, the 
Baltic Sea separates Laholm Bay from the two latter 
regions, which is probably signifi cant for the biologi-
cal quality elements and so will impede comparisons 
on the level that is necessary for the WFD in terms 
of reference conditions and classifi cation. On the 
other hand, the streams located in Fyn and Sch-
leswig-Holstein probably are very similar in terms of 
biological quality elements and morphology, yet the 
names differ. Types in Fyn only differ based on the 
size and probably can be compared to Schleswig-
Holstein gravel streams and rivers and partly-miner-
alic streams.

Typology approaches by partner regions: 
lakes
Almost all BERNET partner regions have decided to 
use system B or a slightly modifi ed version of system 
B for the typology of lakes, except Gdansk (system 
A) and Kaliningrad (national Russian standard). For 
the intercalibration of lake types the situation is much 
more complicated, because the CIS-working group 
have required a list of lake types according to system 
A.

The number of lake types outlined in the 6 pilot 
river basins is comparable and ranges between 
4 and 8. The comparison of the obligatory factors 
shows, that nearly all regions have classifi ed their 
lakes by means of the same descriptors, namely 
altitude, size of surface area of the lake and geologi-
cal background. However, the border values differ, 
especially regarding the surface water area. In terms 
of the optional descriptors, almost all partner regions 
use the mean depth and mixing conditions as the 
main important hydromorphological variables. In 
contrast, retention time has been integrated in the 
regional typology only in 3 of the 6 regions (West 
Finland, Schleswig-Holstein, Kaliningrad). Among 
the applied physico-chemical descriptors, water 
colour is the most frequently used parameter applied 
by the Scandinavian regions Fyn, Laholm Bay and 
West Finland due to the naturally high humus con-
tent in these lakes. Other criteria like turbidity, water 
temperature and duration of ice cover are included 
individually. Nearly all regions exhibit brackish water 
lakes in their coastal regions, which are more or less 
isolated from the Baltic Sea. But except of Fyn, who 

Figure 6.1 
Typological clusters 
of rivers in the Baltic 
region
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have set a threshold value for salinity, no region have 
included those lakes in their typology system so far. 

Summarizing, a comparison of the typology sys-
tems based on hydromorphological descriptors 
shows the highest similarity between the regions 
situated west and south of the Baltic Sea: Fyn, Sch-
leswig-Holstein and Gdansk. In these regions the 
alkaline, low, unstratifi ed lake type and the alkaline, 
deep, stratifi ed lake type dominate. Lakes of Sweden 
and West Finland can be compared by hydromor-
phology but are completely different in terms of 
chemical  (and of course climatic) characteristics, in 
particular water colour as a proxy for the content of 
humic substances. Consequently, the biocoenotic 
typology systems should be different between these 
two groups. Actually, the integration of biological 
quality elements in the regional typology approaches 
is quite incomplete. Therefore it is not possible to 
make a detailed analysis of the typological systems 
on a biological basis.

Typology approaches by partner regions: 
coastal waters
Twelve types have been defi ned by the partners in 
the coastal waters of their pilot river basins. Only 
one region has described their coastal water area as 
belonging to the category transitional waters (Vis-
tula Lagoon in Poland). All partners used “system B” 
(WFD Annex II) for defi ning their typology. 

Some of the criteria were not suitable for division 
into groups. Due to the hydrographical conditions in 
the Baltic Sea, typology criteria like tidal range, inter-
tidal area and depth are reasonably similar between 
the regions and thus not important. There is a big 
variety of a criterion like substratum from mud-silt to 
hardrock, but it was commonly not used for sepa-
ration. Moreover, different or even all four sediment 
types were listed under the heading of one type. 
Finally, wave exposure was at most a weak support-
ing criteria; thus, in several cases both moderately 
exposed and sheltered are found in the same type.

Salinity, mixing conditions and residence time 
and to some extent ice coverage appear to be strong 
criteria. Out of the 9 types in the meso- to polyhaline 
western and southern coastal waters, three related 
groups could be clearly identifi ed:

• Meso- to polyhaline open coastal waters: Salinity 
from 5-30 PSU, (seasonally) stratifi ed and short 
residence time (days). To this type group belongs 
the Swedish Laholm Bay, the German type B4 and 
the Danish type OW3 and OW2.

Figure 6.2 
Typological clusters 
of lakes in the Baltic 
region

Figure 6.3 
Typological clusters of 
coastal waters in the 
Baltic region

• Mesohaline open coastal waters: Salinity from 5-18 
PSU, fully mixed and short residence time (“days”). 
This type group includes Polish/Russian coastal 
waters and the German type B3.

• Mesohaline inner coastal waters: Salinity from 5-18 
(18-30) PSU, fully mixed (partly seasonally strati-
fi ed) and medium residence time (weeks) but also 
short and long (days, months) residence time pos-
sible. This type group contains the German type 
B2 and the Danish M4 and P3 types.

The three West-Finnish types are something special 
and can be put in a fourth group. It is due to their 
remote geographical position from the other regions 
in the far north and hence, far from the saline water 
infl ow area at the Danish Straits. Unique for the Finn-
ish types is the periodical ice coverage lasting either 
90-150 days or more than 150 days. In the latter 
case, salinities are less than 5 PSU in the two types; 
such low salinities are found in no other region.
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6.3 Reference conditions

Reference conditions - methods

• Reference conditions equal high ecological status, 
i.e. no or only very minor evidence of disturbance 
for physico-chemical, hydromorphological and 
biological quality elements.

• Reference conditions should be established for 
each type of water body.

• According to the WFD, the reference conditions 
may be founded upon spatially based reference 
conditions using data from monitoring sites; ref-
erence conditions based on predictive modelling; 
temporally based reference conditions using either 
historical data or paleoreconstruction or a com-
bination of both; fi nally, either combination of the 
mentioned approaches may be applied. 

• Expert judgement can be used where it is not pos-
sible to use the methods above.

Comments from partners on the different methods 
for establishing reference conditions:

• The partner regions have different monitoring tra-
ditions.

• Predictive modelling also needs data from some-
where.

• Historical data  on fi sh fauna are often available but 
not in a quantitative form.

• Paleoreconstruction is usually not possible for 
rivers.

• Expert judgement - is it transparent?

What makes a reference site?

Reference sites may be diffi cult to identify. However, 
the partners have suggested the following criteria: 

• land-use (less than 10 % in upstream catchment)
• no strong point source loading
• water construction works minimal.

Establishment of the reference condi-
tions in the partner regions

There are no common approach in partner regions 
for type specifi c establishment of reference condi-
tions.

• Existing (monitoring) data lack in nearly all regions, 
because monitoring is seldom conducted in water 
bodies without pressures.

• Historical and paleolimnological data are poorly 
available.

• Predictive modelling has restricted use at the 
present moment, but may be possible in the 
future.

• Expert judgement is in use as a complementary 
approach in the partner regions.

• Combinations of the above-mentioned methods 
are likely to be used in future.

How to get a common understanding?

• A harmonization of the methodologies improves 
the process.

• When designing monitoring networks the estab-
lishment of reference conditions and classifi cation 
should be taken into account.

• The use of historical data requires a consideration 
of when the “human impact period” started.

• The procedure of establishing reference condi-
tions should be transparent and reliable.

• When using expert judgement the process should 
be carefully documented.

• Confi dence limits should be considered when 
establishing reference conditions.

• Monitoring data from other countries in the same 
ecoregion might be useful.

• More international co-operation is needed, to har-
monize the use of the approaches and to allow the 
wider, cross regional use of the methods.

6.4 Classifi cation and risk 
assessment

Classifi cation of ecological quality

• All partners have described national classifi cation 
systems of some kind, either systems following the 
WFD guidelines or already existing systems that 
may or may not comply with WFD standards

• National WFD related systems are in progress 
– although only Germany are generally far in the 
process

• The national classifi cation systems are in general 
not truly based on reference conditions

• The national classifi cation systems may not be 
related to a specifi c typology
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• There are large differences in classifi cation sys-
tems and metrics among the partner countries

• Some presupposed quality elements are not 
considered in all countries (e.g. phytoplankton in 
Danish streams)

• Only two partners have presented examples of 
locally adapted classifi cation systems, provided in 
order to carry out the present project. 

Table 6.1 shows the current status establishing 
systems for classifi cation of surface waters accord-
ing to their ecological status in the BERNETcatch 
partner countries.

Designation of water bodies

• The number of water bodies (WB’s) considered on 
both national and pilot area scale differs consider-
ably. For example, some countries include small 

Status for establishing WFD classification systems in the BERNET countries 

Status shown as: 
x: WFD systems provided and ready 
for implementation 
(x): WFD systems in preparation 
{x}: non-WFD systems in use 

Watercourses Lakes
Coastal 
waters

Phytoplankton 
none
(DE) 

{PL1,RU} 

none
(DK,DE,FI,SE) 

{RU}

none
(DK,DE,FI,SE) 

{RU}

Macrophytes/ 
Phytobenthos 

DE2

(SE) 
{PL1}

DE2

(DK,FI,SE) 
{RU}

DK7

(DK,DE,FI,SE) 
{none} 

Macroinvertebrates 
none

(DE3,FI,SE) 
{DK,PL,SE,RU} 

none
(DE,FI,SE) 
{PL,RU} 

none
(DK,DE,FI,SE) 

{none} 

Fish
none

(DK,DE,FI,SE) 
{SE,RU} 

none
(DK,SE) 
{none} 

Not considered in 
WFD

Hydromorphology 
DK4,DE
(none) 

{SE,FI,RU} 

none
(none) 

{FI} 

none
(DE) 

{none} 

Physical-chemical elements 
none
(SE) 

{DK, SE,RU,DE,FI} 

DK5

(SE) 
{DE,FI,PL,RU6}

DK8

(DK,DE,RU,SE) 
{FI} 

1 Saprobic system 
2 Both macrophytes and phytobenthos, 2 & 3 modules in rivers and lakes, respectively 
3 Several indices or metrics 
4 Not related to reference conditions 
5 Only phosphorus 
6 Only for lakes used for water supply or recreational purposes 
7 Regional classification using depth limits for Eelgrass (Zostera marina)
8 Regional classification using N, P and Secchi depth 

Table 6.1 
Current level for estab-
lishment of  classifi ca-
tion systems for surface 
waters according to 
their ecological status 
in the BERNETcatch 
partner countries. The 
term ‘WFD system’ 
means that the system 
refl ects the fi ve qual-
ity classes, and that it 
is also related to and 
refl ect certain pres-
sures and therefore 
are operational from a 
management point of 
view. DK: Denmark; DE: 
Germany; FI: Finland; 
PL: Poland; RU: Rus-
sia; SE: Sweden.

streams, whereas others only include streams with 
a catchment > 1000 km2.

• The identifi cation of heavily modifi ed water bodies 
(HMWB) in watercourses may be based on sev-
eral physical criteria (degree of piping, other modi-
fi cations of the stream channel, impoundments, 
water abstraction, and stormwater outlets), or only 
impacts from shipping.

• Only a few lakes are identifi ed as HMWB’s due to 
regulation of water level or because they repre-
sents former fjords now transformed into lakes by 
damming, sluices etc.

The designation of water bodies (WB), the identifi ca-
tion of heavily modifi ed water bodies (HMWB), and 
the identifi cation of artifi cial water bodies (AWB), 
respectively, is summarised below in Table 6.2. 
Please note that Kaliningrad does not have to carry 
out a risk assessment. 
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Summary of the designation of water bodies in the BERNET Pilot Basins 

Category LAH FYN SH GDK KGL WFI 

Rivers 10 316 217 28  5 

Lakes 4 14 46 14  01
Number of 
WB

Coast 1 3 24 24  1 

Rivers 0.04 0.30 0.04 0.01  <0.01 

Lakes 0.014 0.013 0.009 0.006  0 WB/km2

Coast 0.035 0.029 0.045 0.0009  0.0006 

Rivers 0 57 6 0  40 

Lakes 0 1 52 0  0 
Heavily 
modified WB 
(%)

Coast 0 0 13 0  0 

Rivers 0 11 1 0  0 

Lakes 0 03 0 1  0 
Artificial WB 
(%)

Coast 0 0 0 0  0 
Notes

1 Only lakes > 0.40 km2 considered 
2 Coastal lakes created by modification of former fjords etc. (by dams, sluices) 
3 Lakes created by excavation of stones, gravel and sand, or peat, are not regarded artificial, as they  

may 'behave' like natural lakes 
4 One water body – the Vistula lagoon – is defined as a transitional water 

Summary of the risk assessment carried out in the BERNET Pilot River Basins 

Category LAH FYN SH GDK KGL WFI 

Rivers1 64 96 >96 79  79 

Lakes 50 712 743 50  -4

Present status: water 
bodies with moderate – 
bad ecological status 
(%) Coasts 100 100 100 nd7  100 

Rivers1 64 96 96 0  56 

Lakes 50 712 743 76  -4

Water bodies at risk of 
not achieving at least 
good ecological status 
by 2015 (%) Coasts 100 100 100 100  100 

Rivers ++ ++ ++ -  ++ 

Lakes - - - -  -4At risk due to physical 
impoverishment 

Coasts - - - nd7  - 

Rivers ++ ++ + -  + 

Lakes ++ ++ ++ +5  -4
At risk due to 
insufficient water 
quality 

Coasts ++ ++ ++ nd7  ++ 

Notes
1 %’s calculated on basis of water body length. 
2 Additionally 15 % of the lakes are potentially at risk 
3 Additionally 17 % of the lakes are potentially at risk 
4 No lakes > 40 ha within the pilot area 
5 Only one lake that is impacted by wastewater (point source) 
6 Additionally 64 % are potentially at risk due to insufficient data 
7 nd: not determined. The two water bodies are considered to be potentially at risk due to lack of data 

Table 6.2 
Summary of the desig-
nation of water bodies 
(WB), the identifi cation 
of heavily modifi ed 
water bodies (HMWB), 
and the identifi cation of 
artifi cial water bodies 
(AWB), respectively, 
carried out for riv-
ers, lakes and coastal 
waters within the Pilot 
River Basins of the 
BERNETcatch partner 
regions.

Table 6.3 
Summary of the risk as-
sessment carried out in 
the Pilot River Basins of 
the BERNETcatch part-
ner regions – except 
Kaliningrad that does 
not have to carry out 
the assessment. The 
importance of physi-
cal impoverishment 
and insuffi cient water 
quality, respectively, 
are described semi-
quantitatively by: ++ 
(very important), + 
(important), and – (not 
important). The table 
also shows the present 
ecological status of the 
water bodies.
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Risk assessment

• All partners have assessed whether or not the 
water bodies may achieve at least ‘good’ ecologi-
cal status by 2015, taking into account if already 
planned measures to improve the ecological 
status (i.e. measures that are independent of the 
WFD) actually have the desired effect by 2015

• All have used relatively simple metrics in the 
assessment process

• The metrics are generally not truly related to WFD
• In three partner regions also pressures are taken 

into account when assessing at least one of the 
three surface water categories

• The pilot areas of Laholm, Fyn and Schleswig-Hol-
stein have a relatively higher percentage of stream 
water bodies at risk than the pilot area of Gdansk 
due to a higher degree of physical deterioration. 

• In Gdansk the status of the majority of lakes is 
unknown and these are “classifi ed” as being 
potentially at risk. 

• All coastal water bodies in the partner pilot areas 
are at risk.

The risk assessment carried out in the Pilot River 
Basins (except Kaliningrad that does not have to do 
this) is summarised below in Table 6.3. 

6.5 Monitoring

Design of monitoring programmes according 
to the WFD
No classifi cation or assessment of the ecological 
status of water bodies can be carried out without 
suffi cient and reliable monitoring data. The WFD 
considers three different types of monitoring: sur-
veillance monitoring, operational monitoring, and 
investigative monitoring.

Surveillance monitoring is used to describe the 
development of the ecological and chemical quality 
in a river basin, covering all types of water bodies of 
all categories of surface waters. The aim is mainly 
to: (1) assess long-term natural changes, (2) assess 
long-term changes from extensive human use, (3) 
supplement and validate the status assessments 
and (4) plan effi cient future monitoring programs. 
The monitoring program includes the biological qual-
ity elements according to the WFD as well as physi-
cal-chemical elements, relevant and priority harmful 
substances and hydrological elements.

The aim of operational monitoring is to validate 

the results of the water bodies’ status and to assess 
the effects of the measures carried out to improve 
ecological status. Operational monitoring will there-
fore include water bodies, which probably have mod-
erate or worse status, where measures are being 
initiated, which are part of a Natura 2000-area, and 
which do not comply with the environmental objec-
tives for protected areas according to WFD (art. 4). 
The monitoring stations may change depending on 
the development of a water body and the implemen-
tation of measures. It is not necessary to monitor 
each water body, but to monitor representatives of 
designated water body groups. 

The investigative monitoring is applied, when 
the ecological status of a water body is assessed as 
moderate or worse and the causes are not readily 
found in one or more pressure sources, or alterna-
tively, if the impact of a specifi c event, be it natural or 
man-made, is to be established. Further biological 
quality elements, hydromorphology and physical-
chemical parameters can be included. Investigative 
monitoring is meant as an addition to operational 
monitoring. 

Implementation of monitoring programmes in 
surface waters in the BERNET partner regions
According to the WFD, all countries within the Euro-
pean Union face the challenge to develop a moni-
toring program, ready for implementation until the 
end of 2006. Recently, this task is processed in all 
“established” BERNET regions (Fyn, West-Finland, 
Schleswig-Holstein, Laholm Bay), but with a differ-
ent status quo. Although they follow the same basic 
guidelines, there are national differences concern-
ing the kind of monitored quality elements and the 
frequencies of measurements. However, all BERNET 
partner with the exception of Kaliningrad (who are 
not carrying out this task) have a similar concept of 
monitoring surface waters in the two categories of 
surveillance and operational monitoring. The inves-
tigative monitoring program is of less importance in 
all surface water categories because the operational 
monitoring has not started yet and thus no results 
are available.

Monitoring rivers
The rationale of the WFD is principally adopted by the 
partner regions on their river monitoring programs. 
Country-specifi c differences arise from:

• regional importance of certain pressures (e.g. 
acidifi cation in the river Stensan system)

• omitting biological quality elements without rel-
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evance in the regional river types (e.g. phytob-
enthos/diatoms for Fyn, West Finland and Laholm 
Bay)

• choice of reduced monitoring frequencies for par-
ticular biological quality elements. 

The monitoring of aquatic Natura 2000 areas and 
species is integrated in the operational monitoring 
by Fyn, West Finland and Schleswig-Holstein. For 
investigative monitoring, West Finland uses auto-
matic sampling stations (biotests).

The river monitoring program of Kaliningrad region 
is organised differently in terms of the chosen param-
eters, with a stronger emphasis on abiotic variables, 
though also biological parameters are investigated. 
The monitoring frequencies focus on the discharge 
regime instead of fi xed frequencies and intervals, 
because the investigations are carried out during low 
water and high water periods. 

The monitoring of Gdansk is divided into three 
levels, namely a national, regional and local pro-
gramme. Since 2004 a new monitoring frequency 
routine has been introduced, that is harmonised with 
the requirements of the WFD. 

Monitoring lakes
Whereas the lake monitoring programs of Fyn and 
Schleswig-Holstein are in a fi nal developing stage, 
the establishing of this program in West Finland and 
Laholm Bay  has just begun and will not be fi nished 
before the end of 2006. 

In the surveillance monitoring program mostly all 
countries investigate the complete set of all fi ve bio-
logical quality elements as prescribed by the WFD. 
Concerning the surveillance monitoring frequencies, 
all regions with an established WFD-monitoring sug-
gest:
• to enhance WFD-frequencies for quality elements 

with high natural variability (e.g. phytoplankton)
• to reduced WFD-frequencies for quality elements 

exhibiting very small variability (e.g. lake morphol-
ogy).

The operational monitoring program is organized 
country-specifi c and mostly driven by the economic 
force, that not all occurring lakes in a catchment can 
be monitored continuously. The following strategies 
are conducted:

• integration of the operational monitoring into exist-
ing national programs 

• assorting of lakes that are thought to be repre-
sentative, e.g. in terms of lake type, hydrological 

interrelationships (river-lake-systems), kind and 
amount of pressure(s), degree of degradation and 
conducting measures

• monitoring is focused only on biota which are (1) 
most sensitive for the specifi c pressures and (2) 
which are suitable to control the success of the 
taken measures (e.g. macrofauna and fi sh for 
acidifi cation).

The monitoring programs of Gdansk and Kalinin-
grad region are diffi cult to include in this comparison, 
because the three categories of surveillance, opera-
tional and investigative monitoring are not  used.

Monitoring coastal waters
In most countries the development of WFD monitor-
ing schemes profi t from the experience, gained in 
many years of practical coastal water monitoring on 
regional or national scale. This applies in particular 
for the methods used. The design of these programs 
are mainly determined by the demands of the vari-
ous classifi cation systems, which in some cases are 
still lacking. Therefore the monitoring programs pre-
sented by the regions are still in a draft stage.

The cross regional comparison of coastal sur-
veillance monitoring frequencies showed that the 
biological quality element are measured by most 
regions within the minimum frequencies given by the 
WFD. Only Fyn County decided to enhance the fre-
quencies for the pelagic variables like phytoplankton 
and nutrients because of the pronounced temporal 
and spatial variation of these variables in the Western 
Baltic. Pollutants and priority substances are ana-
lysed in a very different way across the regions. 

For the coastal operational monitoring, the fre-
quencies of the biological quality elements as well 
as for the supporting chemical and physical quality 
elements are higher compared to the surveillance 
monitoring. Furthermore, some quality elements 
are not part of the monitoring program at all, e.g. 
phytoplankton and macrophytes in West Finland. In 
contrast, fi sh is monitored only in this region. Mac-
rozoobenthos is generally sampled in all established 
EU countries, though in different intervals between 
once and every three years. In contrast, the status of 
the operational monitoring for pollutants and priority 
substances in some regions is unclear. 

The coastal monitoring program of Kaliningrad 
region focuses mainly on hydrography, water chem-
istry and pollutants, but contains the monitoring of 
biological variables like phyto- and zooplankton, 
too. 



235

Annex

Annexes

3.1 Macroinvertebrates characterizing reference streams in Fyn County  ...........................................................................236

3.2 Stream types in Schleswig-Holstein ................................................................................................................................237

3.3 Macroinvertebrates characterizing stream types in Schleswig-Holstein ........................................................................238

3.4 Fish characterizing stream types in Schleswig-Holstein .................................................................................................239

4.1 Classifi cation and assessment of lake outlets in Schleswig-Holstein ............................................................................240

4.2 Water quality norms of pollutants in Schleswig-Holstein ................................................................................................249

4.3 Water quality norms of priority pollutants in Schleswig-Holstein ...................................................................................252

4.4 System Aqua – “naturalness” of Swedish rivers and lakes .............................................................................................253



Stream type Stream type 
Group/species 1 2 3 

Group/species
1 2 3 

TRICLADIDA Tinodes pallidulus � �
Polycelis felina �S   Lype reducta �   
Dugesia gonocephala � � � Lype phaeopa � �
Bdellocephala punctata � Hydropsyche angustipennis �L �L

CRUSTACEA Hydropsyche pellucidula � �
Gammarus pulex � � � Hydropsyche saxonica �
EPHEMEROPTERA Hydropsyche siltalai � �
Baetis rhodani � � Molanna angustata �
Baetis fuscatus � Beraeodes minutus � � �
Centrotilum luteolum � Sericostoma personatum � �
Procloeon bifidum � Notidobia ciliaris �
Heptagenia sulphurea � � Lepidostoma hirtum �
Heptagenia fuscogrisea † � Brachycentrus subnubilus �
Ecdyonurus lateralis † � Goera pilosa � �
Ephemera danica � � Lithax obscurus �   
Ephemera vulgata � Silo pallipes � �
Ephemerella ignita � � Silo nigricornis � �
Paraleptophlebia submarginata � Ironoquia dubia �T   
Siphlonurus aestivalis �T   Anabolia nervosa � �
Caenis rivulorum � Limnephilus fuscicornis �
ODONATA Limnephilus lunatus � �
Calopteryx splendens � Potamophylax nigricornis �S   
PLECOPTERA Potamophylax cingulatus � �
Nemurella picteti �S   Potamophylax latipennis �
Brachyptera risi �T   Potamophylax rotundipennis �
Taeniopteryx nebulosa � � Halesus radiatus � � �
Capnia bifrons �T   Chaetopteryx villosa � � �
Amphinemura standfussi �T   Athripsodes albifrons � �
Isoperla grammatical � Athripsodes cinereus � �
Leuctra nigra �S � Mystacides azurea �
Leuctra hippopus � � Ceraclea dissimilis �
Leuctra fusca � � � Ceraclea alboguttata � �
Nemoura avicularis � Ceraclea nigronervosa �
Nemoura flexuosa �   Micropterna sequax �T   
HETEROPTERA Micropterna lateralis �   
Aphelocheirus aestivalis † � � COLEOPTERA 
MEGALOPTERA Elodes minuta � �
Sialis fuliginosa � Elodes marginata �S   
Sialis nigripes † � Elmis aenea � �
TRICHOPTERA Limnius volckmari � � �
Rhyacophila fasciata � � � Oulimnius tuberculatus � �
Agapetus fuscipes �   Orechtochilus villosus �
Agapetus ochripes � � GASTROPODA 
Hydroptila sparsa � � Theodoxus fluviatilis � �
Ithytrichia lamellaris † � Ancylus fluviatilis � � �
Wormaldia occipitalis �S   BIVALVIA
Plectrocnemia conspersa � � Unio crassus � �
Polycentropus flavomaculatus � �
Polycentropus irroratus �
Neureclipsis bimaculata �L �L

Notes: 
• Obligate species     
• Species that may occur in some streams/sites 
† Species extinct in Fyn County   
T Primarily present in temporary streams 
S Primarily present in springbrooks  
L Primarily present in lake outlets
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Annex 3.1 Macroinvertebrates characterizing reference stream types in Fyn County

Some taxonomic 
groups are not included 
(e.g. Diptera) due to in-
suffi cient knowledge 

ANNEX 3.1
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Type 14: Sand streams (slope 0.2 – 0.7%) meander in fl oodplain valleys. Bottom substrate is 
dominated by sand, yet gravel may share signifi cant portions at a small-scale. Large slow-fl owing 
stretches alternate with short fast-fl owing stretches. Organic substrate such as woody debris, 
alder roots and leaf litter form important habitats for benthic invertebrates. 

Type 15: Sand rivers (slope 0.02 – 0.2%) differ from sand streams in terms of their larger catch-
ment size and their mostly smooth fl ow. 

Type 16: Gravel streams (slope 0.3 – 2.5%) display a more straight rather than meandering water 
course with distinct riffl e and pool sections. The erosion-resistant bottom substrate is dominated 
by gravel. 

Type 17: Gravel rivers (slope 0.05 – 0.15%) are winding and meandering through wide valleys. The 
morphology of fast fl owing rivers is very dynamic owing to the formation of meso-scale sand and 
gravel bars in midstream as well as in the margins. The bottom substrate is composed of gravel 
and in small areas by sand and stones. 

Type 19: Partly-mineralic streams (slope < 0.2%) exhibit a winding or meandering channel in wide 
glacial fl oodplains without a distinct valley. The stream bottom and banks may be dominated by 
organic substrate such as peat, woody debris and macrophytes. Inorganic material may vary 
depending on the kind of fl uvio-glacial deposits. Partly-mineralic streams are characterized by 
alternating lentic and lotic as well as shaded and unshaded reaches. 

Type 21: Lake outlets are a typical feature of fl uvial systems in young moraine landscapes and are 
widely distributed in the northern lowlands of Germany. The substrate may consist of gravel and 
sand in the thalweg and muddy sediments in depositional zones. According to the fl ow regime, 
lake outlets can be distinguished as lotic or lentic systems. 

Type 22: Marsh streams (slope < 0.01%) occur in marsh and groundmoraine landscapes and can 
be affected by the North Sea tides. Natural marsh streams meander in wide loops, whereas the 
many artifi cial marsh streams have a straight course. The bottom substrate consists of clay and 
muddy material (mudfl at sediments). Marsh streams may include limnic and brackish sections and 
the fl ow regime can be lentic, dammed-up and bi-directional depending on the tidal infl uence. 

Note: The reference conditions for substratum are developed tentatively by Schleswig-Holstein (See Table 

3-1-3). The substratum composition is a limiting factor for the macrozoobenthos and has to be assessed 

as a hydromorphological parameter. In terms of action plans for measures, the substratum will be a critical 

factor in measuring the success of a measure until the biocoenosis can react on improvements of the river 

morphology.

Annex 3.2 National German stream types occurring in Schleswig-Holstein
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Annex 3.3 Macroinvertebrates characterizing stream types in Schleswig-Holstein

Type Benthos Type Benthos 
14 Ephemera danica 

Lasiocephala basalis 
Potamophylax sp. 
Sericostoma personatum 
Notidobia ciliaris. 
Goera pilosa 
Hydropsyche saxonica 
Micropterna sequax. 

15 Ephemera danica 
Isoptena serricornis 
Unio pictorum, 
Taeniopteryx nebulosa 
Heptagenia flava 
Caenis pseudorivulorum 
Paraleptophlebia cincta  
Brachycercus harisella. 
Gomphus vulgatissimus 
Ophiogomphus cecilia  
Haliplus fluviatilis 
Brychius elevatus 

16 Heptagenia sulphurea 
Rhithrogena semicolorata  
Rhyacophila fasciata 
Agapetus fuscipes 
Potamophylax nigricornis 
Silo pallipes  
S. nigricornis 
Dugesia gonocephala 
Ancylus fluviatilis 
Amphinemura standfussi 
Leuctra digitata  
L. hippopus 
Capnia bifrons 
Elmis aenea 
Limnius volckmari 
Hydropsyche saxonica 
Sericostoma personatum 

17 Aphelocheirus aestivalis 
Rhyacophila sp. 
Hydropsyche sp. 
Cheumatopsyche lepida 
Unio pictorum 
Gomphus vulgatissimus 
Ancylus fluviatilis 
Theodoxus fluviatilis 
Serratella ignita 
Elmis aenea 
Potamophylax sp. 
Unio crassus 
Haliplus spp. 

19 Gammarus roeseli 
Caenis spec. 
Calopteryx splendens,  
Tinodes waeneri 
Neureclipsis bimaculata,  
Phryganea sp.  
Oecetis sp.  
Ceraclea sp.  
Mystacides sp. 
Molanna angustata  
Halesus radiatus 
Goera pilosa 

21 see case study in chapter 4 for detailed 
information 

ANNEX 3.3
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Annex 3.4 Fish characterizing stream types in Schleswig-Holstein

 fish zonation: upstream – downstream gardient 

Species/Type 16 14 17 15 19 22 

Salmo trutta x x x x x  

Phoxinus phoxinus x x x    

Noemacheilus barbatulus x  x    

Cottus gobio x  x    

Lampetra planeri x x x x x  

Lampetra fluviatilis x x x x x x 

Lota lota x x x x x x 

Coregonus maraena x x x x x x 

Petromyzon marinus x x x x x x 

Leuciscus leuciscus x x x x x x 

Gobio gobio  x x x x x 

Cobitis taenia  x x x x x 

Abramis brama   x x x x 

Gymnocephalus cernus     x x 

Osmerus eperlanus      x 

Alosa fallax      x 

Leuciscus idus  x x x x x 

Leuciscus cephalus   x   x 

Esoc lucius  x x x x x 

Aspius aspius    x  x 

Rutilus rutilus  x x x x  

Perca fluviatilis  x x x x x 

Tinca tinca  x  x x x 

Abramis bjoerkna   x x x x 

Alburnus alburnus    x  x 

Leuciscus delineatus    x x x 

Scardinius erythrophthalmus    x  x 

Silurus glanis      x 

Sander lucioperca      x 

Rhodeus amarus      x 

Carassius carssius     x x 

Misgurnus fossilis     x x 

Barbus barbus      x 

Salmo salar   x x  x 

Anguilla anguilla x x x x x x 

Platichtys flesus  x  x x x 

Gasterosterus aculeatus x x x x x x 

Pungitius pungitius x x x x x x 

ANNEX 3.4
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This is an extract of an original publication: Brunke, 
M. (2004): Stream typology and lake outlets - a per-
spective towards validation and assessment from 
northern Germany (Schleswig-Holstein). Limnolog-
ica 34: 460-478.

Introduction

Lake outlets are characteristic components in the 
hydrosystems of many landscapes and therefore 
deserve specifi c attention and protection. Lake out-
lets are regarded as ecotones between lakes and 
streams (MÜLLER 1954; MALMQVIST & ERIKSSON 1995). 
Energetically they are strongly infl uenced by the 
lake due to the transport of plankton and nutrients 
from the lake. Outlet communities rely on the input 
of high quality organic matter. The quantity, quality 
and structure of the imported organic matter exert 
a strong infl uence on the outlet food webs (WOTTON 
1988; WARD et al. 1998). Furthermore, lake out-
lets have a rather stable hydrologic and a different 
thermal regime compared to most stream systems 
(WOTTON 1995). The unidirectional fl ow of the lake 
discharge effects the transport character, resulting 
in a spiralling rather than a recirculation of matter and 
energy. The infl uence of the terrestrial environment 
is relatively high in lake outlets because of the larger 
shore line that results in signifi cant inputs of coarse 
particulate organic matter.

Owing to these ecological characteristics, the 
invertebrate communities of lake outlets differ from 
those of the lake as well as from the stream reaches 
upstream of the lake or those at greater distances 
downstream of the lake. Some species are recog-
nized as lake outlet ‘specialists’ (WOTTON 1987; RICH-
ARDSON & MACKAY 1991). The lake outlet invertebrate 
fauna is typically dominated by fi lter-feeders that use 
the lakes’ export of seston (STATZNER 1979; BRÖN-
MARK & MALMQVIST 1984). The concentration of seston 
decreases markedly downstream of the outlet. As 
a consequence, the abundance of fi lter feeders 
decreases with increasing distance from the lake, 
following a power function (SHELDON & OSWOOD 1977). 
Depending on the slope, lake outlets comprise lentic 
or lotic habitats. These habitat properties, and char-
acteristics of the community, consequently must be 
addressed in assessement systems based on inver-
tebrate communities because reference conditions 
will differ between streams and lake outlets.

Study sites and data collection
Existing data of streams and lake outlets, which 

were taken for monitoring purposes in the federal 
state Schleswig-Holstein between 1996 and 2001, 

Annex 4.1 Classifi cation and assessment of lake outlets in Schleswig-Holstein

were analysed for this study. The data were collected 
by biologists in commission with the Landesamt für 
Natur und Umwelt des Landes Schleswig-Holstein.

Data analysis

Validation of the German stream typology
A between-class correspondence analysis was per-
formed as a null model analysis to test for signifi -
cance of the stream typology and the distinctness of 
lake outlets by simulating 1000 Monte Carlo permu-
tations (DOLEDEC & CHESSEL 1991). In total, 445 macro-
invertebrate taxonomic units were distinguished at 
the 65 sites. This number was reduced for statisti-
cal analyses to 296 taxa by restricting the inclusion 
level to a frequency of occurrence greater than 1%. 
Ordinations were performed with CANOCO version 
4 (TER BRAAK & SMILAUER 1998) and ADE-4 (THIOULOUSE 
et al. 1997). Other statistics were performed using 
Systat 10.1.

Test for lotic and lentic lake outlets
A further between-class CA was conducted to 
test for differences between lentic and lotic lake 
outlets. Sites that were dammed-up because they 
were located upstream of lakes and weirs were also 
included in this analysis. Preliminary analyses indi-
cated similarities between lentic lake outlets and 
dammed-up sites and difference of the former to 
lotic lake outlets.

Assessment approach for lake outlets: the LTI
The assessment system for lake outlets was devel-
oped using the same approach as THIELE et al. 
(1996) and SCHÖLL & HAYBACH (2001), who developed 
assessment systems for dammed-up streams and 
for large rivers, respectively. These authors named 
their assessment systems Standorttypieindex (STI) 
and Potamon-Typie-Index (PTI). To be consistent 
with these approaches, the present assessment 
system is named Lake Outlet Typology Index (LTI).

The assessment system is based on the prefer-
ence of species for lake outlets on fi ve levels (lake 
outlet preference value, LP-value) according to (a) 
ordination typology, (b) analysis of frequency tables, 
and (c) visual interpretation of box plots assigned by 
species abundances among the various types. The 
resulting allotment of species to the fi ve levels of lake 
outlet preferences was checked by using auteco-
logical information from published faunal studies and 
overviews (e.g. COLLING & SCHMEDTJE 1996). Levels 
were defi ned as follows; LP 1, stenotopic species 
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that are highly indicative of lake outlets; LP 2, char-
acteristic species of lake outlets; LP 3, species that 
show affi nities for lake outlets and, therefore, have 
high probabilities of occurrence in this habitat; LP 
4, generalist species that also occur in lake outlets 
or have a minor association with lake outlets; LP 5, 
common and rare species that may occasionally 
occur in lake outlets. This taxa list forms an open list, 
meaning that it can be enlarged and is not necessar-
ily based on a specifi c reference system but on taxa 
that are occurring presently in this habitat. Exotic 
species, such as Dreissena polymorpha (Bivalvia, 
Mollusca) and Potampyrgus antipodarum (Gastro-
poda, Mollusca) that frequently occur in lake outlets 
or even may form the dominant taxon were rated as 
belonging to level 5 (LP 5). The formula of the quali-
tative LTIqual is:

n

LP
LTI

n

i
i

qual

∑
== 1

2

(n = total number of LP taxa, i = ith taxon, LPi = LP 
value of ith taxon).

A quantitative LTIquan was also developed to improve 
assessment because such an index is usually not as 
variable as a qualitative index and a general classifi -
cation is more robust by using more than one index. 
The quantitative index is based on the same math-
ematical approach as the Saprobic index (FRIEDRICH 
1990). A weighting of each taxon for the quantita-
tive index is necessary because stenotopic taxa fre-
quently occur in lower abundances and therefore are 
detected at a lower level of probability compared to 
generalist taxa that tend to dominate the commu-
nity structure. The weighting corresponds to fi ve 
levels with values of 1, 2, 4, 8, and 16 depending on 
species-specifi c relevance for the typological char-
acteristics of lake outlets. Species with LP 1 and 2 
values were weighted by 16 except for the caddisfl y 
Hydropsyche angustipennis (LP 1, weight 4), whose 
abundances may increase with organic pollution. 
LP 5 species were weighted with 1. The other spe-
cies were weighted according to their frequency of 
occurrence and functional feeding group. Filter feed-
ers and sediment feeders were weighted stronger, 

because of their functional signifi cance in lake out-
lets because of their consumption of the particles 
imported by the lake. The formula of the LTIquan is:
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(n = total number of LP taxa, i = ith taxon, LPi = LP 
value of ith taxon, Ai is the abundance class and Wi 
is the weighting).

The list of species and the class boundaries is 
based primarily on the fauna at sites of two streams, 
the Unterer Schierenseebach and Schwentine. 
These streams were considered as being close to 
pristine (STATZNER 1979; BÖTTGER 2001; OTTO 2002) 
and treated as reference systems. However, this 
approach of the ‘best available sites’ is somewhat 
limited, because the strict criteria for a reference 
system cannot be fulfi lled because of anthropogenic 
activities in the catchment. The class boundaries 
were calculated according to statistical approaches 
given in the REFCOND guidance of the EC-CIS 
working group 2.3 followed by a reassessment of 
sites (WALLIN et al. 2003).

Validation of the LTI
The variabilities of both LTIs were compared by using 
the coeffi cient of variation of samples taken at one 
site on four occasions. A paired t-test was used to 
test for differences between the coeffi cient of varia-
tion for both LTIs. The normal distribution of data was 
checked prior to the test. The Kruskal-Wallis test was 
used to test the effect of season on both LTIs. The 
results of the LTI classifi cation were compared with 
previous descriptions for 15 sites along the course 
of the Schwentine (n = 49 samples) and for 20 dif-
ferent lake outlets in four seasons (n = 80) that were 
not included in the typological analyses and in the 
development of the LTI (Table 3). The LTI was also 
calculated for various sites belonging to other types 
to test for the specifi city of the LTI for lake outlets.
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Results

Validation of the German stream typology and 
position of lake outlets
The null model analysis of the correspondence 
analysis (CA) revealed that the effects of the typol-
ogy on the macroinvertebrate community structure 
was signifi cant (p = 0.015). Lake outlets were clearly 
separated from gravel streams and rivers and were 
distinguished from sand streams and rivers and 
marsh streams.

Lotic and lentic lake outlets
The null model analysis revealed that the effect lotic 
and lentic lake outlets and dammed-up sites on the 
macroinvertebrate community structure was highly 
signifi cant (p < 0.0001). The eigenvalues of factors 1 
and 2 of the between-class CA were 2.72 and 1.56, 
respectively. The corresponding explained variance 
of factors 1 and 2 was 63.5% and 36.5%, respec-
tively. The F1xF2 factorial map showed the clear dis-
tinction between lotic and lentic lake outlets as well 
as dammed-up sites (Fig. 1). The lotic lake outlets 
were separated from lentic outlets and dammed-up 
sites along factor 1. Lentic outlets were distinguished 
from dammed-up sites along factor 2. The fauna of 
lentic outlets were more similar to that of dammed-
up sites than to lotic outlets. 

Typical taxa of lake outlets and the assignment 
of preference values
A total of 132 taxa was allotted to the fi ve levels of 
lake outlet preference (LP) based on their tendency 
to inhabit lake outlets (Appendix 1). Some of the taxa 
were further marked in terms of their habitat prefer-
ence for lotic or lentic lake-outlets. The quantitative 
distribution of three species for each LT level and 
stream type is shown exemplary in Figure 2. Only 
8 species were rated as very characteristic of lake 
outlets (Appendix 1): Aphelocheirus aestivalis (Het-
eroptera), Hydropsyche angustipennis, Neureclip-
sis bimaculata, Athripsodes aterrimus, Athripsodes 
cinereus, Molanna angustata (all Trichoptera), Bithy-
nia leachii, Theodoxus fl uviatilis (both Gastropoda). 
Some taxa were not included in the total LP list 
because they contributed only weakly to the typol-
ogy.

The Lake Outlet Typology Index (LTI)
Class boundaries for the qualitative and quantita-
tive LTI are given in Tables 1 and 2. Reference sites 
ranged between 11.9 and 15.1 (median = 12.9 and 
10th percentile = 14.1) for the LTIqual and between 1.95 
and 2.36 (median = 2.22 and 10th percentile = 2.35) 
for the quantitative LTIquan. The LTIqual ranges between 
1.0 (best case) and 25.0 (worst case). The LTIquan 
ranges between 1.0 (best case) and 5.0 (worst case). 
Both LTI are signifi cantly correlated (r = 0.87, n = 49, 
for sites at the Schwentine, 2002, and r = 0.64, n = 
80 for the lake characteristic data set, 1997). Coef-
fi cients of variation of replicate samples in four sea-
sons did not differ signifi cantly between the LTIquan 
and the LTIqual (20 different streams, p > 0.05, paired 
t-test). Season had a signifi cant effect on the out-
come of the LTIqual with lower indices in spring (April) 
and autumn (September - October) than in early 
(June) and late summer (July – August) (KW-test, p 
< 0.0001, n = 80) (Fig. 3). Season had no signifi cant 
effect on the outcome of the LTIquan (KW-test, n = 80) 
(Fig. 3). The annual trend in the LTI of samples taken 
in the river Kossau showed stronger fl uctuations for 
the LTIqual than LTIquan; for example LTIqual changed 
from a very good status in April to a moderate status 
in May (Fig. 4). Similar to the Schwentine, the LTI of 
samples taken in the Kossau were rated on better 
quality in spring and autumn compared to summer 
(Fig. 4).

Figure 1 
Ordination plots (fac-
tor 1 x factor 2) of a 
between-group cor-
respondence analysis 
of lotic and lentic lake 
outlets and dammed-
up sites based on the 
macroinvertebrate 
fauna of 80 sites. Po-
sition of site-scores 
(a) and taxa (b) in the 
F1xF2 plane. Circles 
identify the center of 
each group.

Factor 1

lotic lake
outlets

lentic lake
outlets

dammed-up
sites
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Table 1 
Class boundaries of 
the qualitative Lake 
Outlet Typology Index 
(LTIqual) and the cor-
responding ecological 
quality ratios (EQR)

Classes LTIqual upper boundary LTIqual lower boundary EQR upper boundary EQR lower boundary 
very good 1.0 14.1 1.000 0.436 
good 14.2 16.8 0.432 0.327 
moderate 16.9 19.5 0.323 0.218 
poor 19.6 22.3 0.214 0.109 
bad 22.4 25.0 0.105 0.000 

Classes LTIquan upper boundary LTIquan lower boundary EQR upper boundary EQR lower boundary 
very good < 1.0 2.4 1.000 0.529 
good 2.5 3.0 0.509 0.397 
moderate 3.1 3.7 0.377 0.265 
poor 3.8 4.3 0.245 0.132 
bad 4.4 5.0 0.112 0.000 

Table 2 
Class boundaries of 
the quantitative Lake 
Outlet Typology Index 
(LTIquan) and the cor-
responding ecological 
quality ratios (EQR)

Class boundaries of the qualitative Lake Outlet 
Typology Index (LTIqual) and the corresponding eco-
logical quality ratios (EQR)

Figure 2
Box-Whisker plots of 
abundances of some 
species for LT-levels 1 
to 5 in stream types. (a) 
LT = 1: Neureclipsis bi-
maculata, Hydropsyche 
angustipennis (Trichop-
tera), Aphelocheirus 
aestivalis (Heteroptera); 
(b) LT = 2: Mystacides 
nigra, Athirpsodes 
aterrimus (Trichop-
tera), Bithynia leachii 
(Gastropoda); (c) LT = 
3: Sialis lutaria (Mega-
loptera), Unio pictorum 
(Bivalvia), Gyraulus 
albus (Gastropoda); 
(d) LT = 4: Ephemera 
danica, Caenis horaria 
(Ephemeroptera), 
Orectochilus villosus 
(Coleoptera); (e) LT = 
5: Asellus aquaticus, 
Gammarus fossarum 
(Crustacea), Baetis ver-
nus (Ephemeroptera).

14

15

16

17

19

21

22

0 1 2 3 4 5 6
Hydropsyche angustipennis

14

15

16

17

19

21

22

0 1 2 3 4 5 6
Mystacides nigra

0 1 2 3 4
Neureclipsis bimaculata

14

15

16

17

19

21

22

0 1 2 3 4 5 6 7
Ephemera danica

14

15

16

17

19

21

22

0 1 2 3 4 5 6
Asellus aquaticus

14

15

16

17

19

21

22

0 1 2 3 4 5
Sialis lutaria

0 1 2
Unio pictorum

0 1 2 3 4 5
Gammarus pulex

0 1 2 3 4
Caenis horaria

0 1 2 3 4 5 6
Athripsodes aterrimus

5 6

0 1 2 3 4 5
Gyraulus albus

0 1 2 3
Bithynia leachii

4 5

3

0 1 2 3
Aphelocheirus aestivalis

6 7 0 1 2 3 4 5 6 7
Baetis vernus

0 1 2 3 4 5
Orectochilus villosus

5 6

St
re

am
ty

pe
nu

m
be

r
St

re
am

ty
pe

nu
m

be
r

St
re

am
ty

pe
nu

m
be

r
St

re
am

ty
pe

nu
m

be
r

St
re

am
ty

pe
nu

m
be

r

(a)

(b)

(c)

(e)

(d)



ANNEX 4.1

244

clear faunal difference was revealed between gravel 
streams, which form the most distinctive type, 
partly-mineralic streams, limnic marsh streams, and 
lake outlets. The latter proved to be a distinct stream 
type from the perspective of benthic macroinverte-
brates. In contrast, the distinction between limnic 
marsh streams and partly-mineralic streams requires 
further investigation. Marsh streams were separate 
from other types, but the partly-mineralic streams 
showed appreciable faunal overlap with most other 
types and their status appears to be questionable. 
However, it is unclear to what extent the fauna of 
this type might be affected by anthropogenic altera-
tions at the scale of the landscape because these 
streams are located in lowlands that are intensively 
used for agriculture. Gravel rivers were numerically 
poorly represented because of their rare occur-
rence in Schleswig-Holstein. Statistical analysis indi-
cated their proper status, however, it must be tested 
whether this outcome is due to a type-specifi c fauna 
or a biogeographically river–specifi c fauna or a com-
bination of both.

Assessment of lake outlets - the LTI
The assessment system of lake outlets by a faunal 
Lake Outlet Typology Index (LTI) is a fi rst step for their 
classifi cation as required by the WFD. The LTI was 
able to classify the strongly impaired, the very good, 
and the clearly good sites. The distinction between 
the good and moderate class, generally, is a delicate 
task for all classifi cation schemes because of natural 
fl uctuations on the one hand and associated con-
sequences for restoration measures and monitoring 
schemes on the other (CIS Working group monitor-
ing 2003). Several tested sites were boundary cases 
in which seasonally replicated samples were rated 
either as good or moderate. These sites indicated 
the necessity for further investigations on the effect 
of different kinds of anthropogenic disturbance, i.e. 
hydromorphological, saprobical, organic, and toxic 
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Figure 3 
Deviations from the 
mean (a) qualitative LTI-
qual and (b) quantita-
tive LTIquan for spring 
(April), early summer 
(June), late summer 
(July – August) and 
autumn (September 
– October). 20 different 
streams, n = 80.

Figure 4 
Results of the (a) quali-
tative LTIqual and (b) 
quantitative LTIquan 
at the river Kossau for 
each month in 1998. 
The class boundaries 
were inserted; the 
boundary between 
good and moderate 
is marked as a broken 
line.

Class boundaries of the quantitative Lake Outlet 
Typology Index (LTIquan) and the corresponding 
ecological quality ratios (EQR)

Discussion

Validation of the German stream typology
The statistical analyses of the data support the geo-
morphologic top-down typology of streams and 
rivers in northern Germany (HERING et al. 2004). A 
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pollution. Quantitative data of physicochemical, 
hydromorphological and trophic factors are needed 
to characterize degradation (LORENZ et al. 2004) and 
to develop cause-effect relationships for lake outlets 
that fi nally can be used in the formulation of restora-
tion measures.

The LTIquan was more accurate and robust than the 
LTIqual and can generally be recommended for the 
assessment of lake outlets in the northern German 
lowlands. In particular, LTIquan was less susceptible 
to seasonal fl uctuations in outlet community struc-
ture. The values of both LTI were lower during the 
summer, but only signifi cantly lower for the LTIqual. 
This natural fl uctuation should not affect the assess-
ment because the density and biomass of the fauna 
generally decreases during the summer due to 
emergence of insects (BRÖNMARK & MALMQVIST 1984; 
POEPPERL 2000). Therefore, it is recommended to 
consider spring and autumn samples for a proper 
assessment for boundary cases (good/moderate) in 
particular. Otherwise, spring samples might be suf-
fi cient for the classifi cation of obviously very good, 
poor and bad sites by using the LTIquan.

Additionally, multivariate statistics, such as corre-
spondence analyses (CA), can be used to identify 
sites that differ strongly from the best available or 
representative  sites. CA proved to be a powerful tool 
to investigate ecological differences, e.g., between 
the sites in the stream-lake system of the Schwen-
tine. Further information can be gained, thereby, to 
assist classifi cation tools such as the LTI to produce 
a sound and robust assessment.
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Taxon LP-value weighting
Aphelocheirus aestivalis 1 16
Hydropsyche angustipennis 1 4
Neureclipsis bimaculata 1 16
Athripsodes aterrimus 2 16
Athripsodes cinereus 2 16
Bithynia leachii 2 16
Molanna angustata 2 16
Theodoxus fl uviatilis 2 16
Acroloxus lacustris 3 4
Anabolia nervosa 3 4
Anodonta anatina 3 16
Anodonta cygnea 3 8
Athripsodes bilineatus 3 8
Bryozoa 3 16
Caenis luctuosa 3 4
Caenis robusta 3 2
Centroptilum luteolum 3 4
Ceraclea alboguttata 3 8
Cloeon dipterum 3 2
Corixa sp. 3 4
Ephydatia fl uviatilis 3 16
Gyraulus albus 3 2
Hesperocorixa sahlbergi 3 4
Hydropsyche pellucidula 3 16
Mystacides azurea 3 8
Mystacides nigra 3 4
Physa fontinalis 3 2
Polycentropus fl avomaculatus 3 8
Polycentropus irroratus 3 8
Pseudanodonta complanata 3 8
Sialis lutaria 3 8
Sigara falleni 3 4
Sigara sp. 3 4
Sigara striata 3 4
Silo nigricornis 3 4
Sphaerium corneum 3 8
Spongilla lacustris 3 16
Spongillidae 3 16
Unio crassus 3 4
Unio pictorum 3 16
Unio tumidus 3 16
Anabolia furcata 4 4
Ancylus fl uviatilis 4 1
Anisus vortex 4 2
Athripsodes albifrons 4 8
Bathyomphalus contortus 4 2
Bithynia tentaculata 4 2
Caenis horaria 4 4
Calopteryx splendens 4 4
Ceraclea annulicornis 4 4
Ceraclea dissimilis 4 4
Cloeon simile 4 2

Cyrnus fl avidus 4 8
Cyrnus trimaculatus 4 8
Ephemera danica 4 8
Erpobdella octoculata 4 1
Glossiphonia complanata 4 1
Graptodytes pictus 4 2
Gyraulus crista 4 2
Halesus radiatus 4 2
Haliplus fl uviatilis 4 2
Helobdella stagnalis 4 1
Hydroptila sp. 4 2
Hygrotus versicolor 4 2
Ischnura elegans 4 2
Limnephilus lunatus 4 4
Limnephilus rhombicus 4 4
Lype phaeopa 4 2
Mystacides longicornis 4 4
Orectochilus villosus 4 2
Planorbarius corneus 4 2
Planorbis carinatus 4 2
Planorbis planorbis 4 2
Triaenodes bicolor 4 2
Valvata cristata 4 2
Valvata piscinalis 4 2
Viviparus viviparus 4 8
Aeshna sp. 5 1
Agabus sp. 5 1
Agraylea multipunctata 5 1
Asellus aquaticus 5 1
Baetis buceratus 5 1
Baetis fuscatus 5 1
Baetis rhodani 5 1
Baetis sp. 5 1
Baetis tracheatus 5 1
Baetis vernus 5 1
Chaetopteryx villosa 5 1
Dendrocoelum lacteum 5 1
Dreissena polymorpha 5 1
Dugesia tigrina 5 1
Ecnomus tenellus 5 1
Elmis aenea 5 1
Elmis sp. 5 1
Ephemera vulgata 5 1
Erpobdella nigricollis 5 1
Erpobdella sp. 5 1
Gammarus pulex 5 1
Glossiphonia heteroclita 5 1
Goera pilosa 5 1
Gyraulus parvus 5 1
Hemiclepsis marginata 5 1
Hippeutis complanatus 5 1
Holocentropus picicornis 5 1

Appendix 1. 
List of species alloted 
to the fi ve levels of lake 
outlet association (LP-
value) distinguished 
for general, lotic, and 
lentic lake-outlet habitat 
preferences. Low LP-
values indicate a high 
habitat preference for 
lake outlets.
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Hydropsyche siltalai 5 1
Hydrozoa 5 1
Hyphydrus ovatus 5 1
Laccophilus hyalinus 5 1
Limnephilus decipiens 5 1
Lymnaea stagnalis 5 1
Nemoura cinerea 5 1
Nepa cinerea 5 1
Notidobia ciliaris 5 1
Notonecta glauca 5 1
Notonecta sp. 5 1
Orconectes limosus 5 1
Orthotrichia sp. 5 1
Oulimnius tuberculatus 5 1
Phryganea grandis 5 1
Pisidium sp. 5 1
Platambus maculatus 5 1
Polycelis tenuis 5 1
Potamopyrgus antipodarum 5 1
Proasellus coxalis 5 1
Procloeon bifi dum 5 1
Radix auricularia 5 1
Radix ovata 5 1
Serratella ignita 5 1
Stagnicola palustris- Komplex 5 1
Theromyzon tessulatum 5 1
Tinodes waeneri 5 1
Viviparus contectus 5 1
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Annex 4.2 Water quality norms of pollutants in Schleswig-Holstein

EU-Nr. Pollutant Quality norm acc. to 

LandesVO

Unit

2 2-Amino-4-chlorphenol 10 µg/l

4 Arsen Gesamtfraktion 40 mg/kg

5 Azinphos-ethyl 0,01 µg/l

6 Azinphos-methyl 0,01 µg/l

8 Benzidin 0,1 µg/l

9 Benzylchlorid (alpha-Chlortoluol) 10 µg/l

10 Benzylidenchlorid (a,a-Dichlortoluol) 10 µg/l

11 Biphenyl 1 µg/l

14 Chloralhydrat 10 µg/l

15 Chlordan (cis and trans) 0,003 µg/l

16 Chloressigsäure 10 µg/l

17 2-Chloranilin 3 µg/l

18 3-Chloranilin 1 µg/l

19 4-Chloranilin 0,05 µg/l

20 Chlorbenzol 1 µg/l

21 1-Chlor-2,4-dinitrobenzol 5 µg/l

22 2-Chlorethanol 10 µg/l

24 4-Chlor-3-methylphenol 10 µg/l

25 1-Chlornaphthalin 1 µg/l

26 Chlornaphthaline (technische Mischung) 0,01 µg/l

27 4-Chlor-2-nitroanilin 3 µg/l

28 1-Chlor-2-nitrobenzol 10 µg/l

29 1-Chlor-3-nitrobenzol 1 µg/l

30 1-Chlor-4-nitrobenzol 10 µg/l

31 4-Chlor-2-Nitrotoluol 10 µg/l

32 2-Chlor-4-Nitrotoluol 1 µg/l

32 2-Chlor-6-Nitrotoluol 1 µg/l

32 3-Chlor-4-Nitrotoluol 1 µg/l

32 4-Chlor-3-Nitrotoluol 1 µg/l

32 5-Chlor-2-Nitrotoluol 1 µg/l

33 2-Chlorphenol 10 µg/l

34 3-Chlorphenol 10 µg/l

35 4-Chlorphenol 10 µg/l

36 Chloropren (2-Chlorbuta-1,3-dien) 10 µg/l

37 3-Chlorpropen (Allylchlorid) 10 µg/l

38 2-Chlortoluol 1 µg/l

39 3-Chlortoluol 10 µg/l

40 4-Chlortoluol 1 µg/l

41 2-Chlor-p-toluidin 10 µg/l

42 3-Chlor-o-toluidin 10 µg/l

42 3-Chlor-p-toluidin 10 µg/l

42 5-Chlor-o-toluidin 10 µg/l

43 Coumaphos 0,07 µg/l

44 Cyanurchlorid (2,4,6-Trichlor-1,3,5-triazin) 0,1 µg/l

45 2,4-D (acid and salts) 0,1 µg/l

47 Demeton (Sum of Demeton-o and-s) 0,1 µg/l

47 Demeton-o 0,1 µg/l

47 Demeton-s 0,1 µg/l

47 Demeton-s-methyl 0,1 µg/l

47 Demeton-s-methyl-sulphon 0,1 µg/l
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48 1,2-Dibromethan 2 µg/l

49-51 Dibutylzinn-Kation 1001) µg OZK/kg

52 2,4-/ 2,5-Dichloranilin 2 µg/l

52 2.3-Dichloranilin 1 µg/l

52 2.4-Dichloranilin 1 µg/l

52 2.5-Dichloranilin 1 µg/l

52 2.6-Dichloranilin 1 µg/l

52 3.4-Dichloranilin 0,5 µg/l

52 3.5-Dichloranilin 1 µg/l

53 1.2-Dichlorbenzol 10 µg/l

54 1.3-Dichlorbenzol 10 µg/l

55 1.4-Dichlorbenzol 10 µg/l

56 Dichlorbenzidine 10 µg/l

57 Dichlordiisopropylether 10 µg/l

58 1.1-Dichlorethan 10 µg/l

60 1,1-Dichlorethen (Vinylidenchlorid) 10 µg/l

61 1.2-Dichlorethen 10 µg/l

63 1.2-Dichlor-3-nitrobenzol 10 µg/l

63 1.2-Dichlor-4-nitrobenzol 10 µg/l

63 1.3-Dichlor-4-nitrobenzol 10 µg/l

63 1.4-Dichlor-2-nitrobenzol 10 µg/l

64 2.4-Dichlorphenol 10 µg/l

65 1.2-Dichlorpropan 10 µg/l

66 1,3-Dichlorpropan-2-ol 10 µg/l

67 1.3-Dichlorpropen 10 µg/l

68 2.3-Dichlorpropen 10 µg/l

69 Dichlorprop 0,1 µg/l

70 Dichlorphos 0,0006 µg/l

72 Diethylamin 10 µg/l

73 Dimethoat 0,1 µg/l

74 Dimethylamin 10 µg/l

75 Disulfoton 0,004 µg/l

78 Epichlorhydrin 10 µg/l

79 Ethylbenzol 10 µg/l

80 Fenitrothion 0,009 µg/l

81 Fenthion 0,004 µg/l

82 Heptachlor 0,1 µg/l

82 Heptachlorepoxid 0,1 µg/l

86 Hexachlorethan 10 µg/l

87 Isopropylbenzol (Cumol) 10 µg/l

88 Linuron 0,1 µg/l

89 Malathion 0,02 µg/l

90 MCPA 0,1 µg/l

91 Mecoprop 0,1 µg/l

93 Methamidophos 0,1 µg/l

94 Mevinphos 0,0002 µg/l

95 Monolinuron 0,1 µg/l

97 Omethoat 0,1 µg/l

98 Oxydemeton-methyl 0,1 µg/l

100 Parathion-ethyl 0,005 µg/l

100 Parathion-methyl 0,02 µg/l

101 PCB-28 202) µg/kg
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101 PCB-52 202) µg/kg

101 PCB-101 202) µg/kg

101 PCB-118 202) µg/kg

101 PCB-138 202) µg/kg

101 PCB-153 202) µg/kg

101 PCB-180 202) µg/kg

103 Phoxim 0,008 µg/l

104 Propanil 0,1 µg/l

105 Pyrazon (Chloridazon) 0,1 µg/l

107 2,4,5-T (acid and salts) 0,1 µg/l

108 Tetrabutyltin 403) µg OZK/kg

109 1.2.4.5.-Tetrachlorbenzol 1 µg/l

110 1.1.2.2-Tetrachlorethan 10 µg/l

112 Toluol 10 µg/l

113 Triazophos 0,03 µg/l

114 Tributylphosphat 10 µg/l

116 Trichlorfon 0,002 µg/l

119 1.1.1-Trichlorethan 10 µg/l

120 1,1,2-Trichlorethan 10 µg/l

122 2.4.5-Trichlorphenol 1 µg/l

122 2.4.6-Trichlorphenol 1 µg/l

122 2.3.4-Trichlorphenol 1 µg/l

122 2.3.5-Trichlorphenol 1 µg/l

122 2.3.6-Trichlorphenol 1 µg/l

122 3.4.5-Trichlorphenol 1 µg/l

123 1,1,2-Trichlortrifl uorethan 10 µg/l

125-127 Triphenylzinn-cation 202) µg/kg

128 Vinylchlorid (Chlorethen) 2 µg/l

129 1.2-Dimethylbenzol 10 µg/l

129 1.3-Dimethylbenzol 10 µg/l

129 1.4-Dimethylbenzol 10 µg/l

132 Bentazon 0,1 µg/l

L. II Ametryn 0,5 µg/l

L. II Bromacil 0,6 µg/l

L. II Chlortoluron 0,4 µg/l

L. II Chrome total fraction 640 mg/kg

L. II Cyanid 0,01 mg/l

L. II Etrimphos 0,004 µg/l

L. II Hexazinon 0,07 µg/l

L. II Copper total fraction 160 mg/kg

L. II Metazachlor 0,4 µg/l

L. II Methabenzthiazuron 2 µg/l

L. II Metolachlor 0,2 µg/l

L.II Nitrobenzol 0,1 µg/l

L. II Prometryn 0,5 µg/l

L. II Terbuthylazin 0,5 µg/l

L. II Zinc from total fraction 800 mg/kg
1) or for the water body 0,01µg/l
2) or for the water body 0,5 ng/l
3) or for the water body 0,001 µg/l
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Annex 4.3 Water quality norms of priority pollutants in Schleswig-Holstein

EU-Nr. Prior. poll. No. Pollutant Quality norm acc. 
to

LandesVO 

1  Aldrin 0,01/0,005*)  1) 

3 2 Anthracen 0,01 

7 4 Benzol 10 

12 6 Cadmium 1/0,5*)  

13  Tetrachlorkoh-
lenstoff 

12

23 32 Chloroform (Tri-
chlormethan) 

12

46  4,4-DDT 0,01 

59 10 1,2-Dichlorethan 10 

62 11 Dichlormethan 10 

71  Dieldrin 0,01/0,005*)  1) 

77  Endrin 0,01/0,005*)  1) 

83 16 Hexachlorbenzol 0,03 

84 17 Hexachlorbuta-
dien

0,1

85 18 Hexachlorcyclo-
hexan

0,05/0,02*)  2)

92 21 Mercury 1/0,5°)/0,3*)

96 22 Naphthalene 1 

(99) 28 Benzo(a)pyren 0,01 

(99) 28 Benzo(b)fluorant
hen

0,025

(99) 28 Benzo(ghi)peryle
n

0,025

(99) 28 Benzo(k)fluorant
hen

0,025

(99) 15 Fluoranthen 0,025 

(99) 28 Indeno(1.2.3-
cd)pyren 

0,025

102 27 Pentachlorphe-
nol

2

111  Tetrachlorethen 10 

(117) 31 1,2,3-
Trichlorbenzol

0,43)

(117) 31 1,3,5-
Trichlorbenzol

0,43)

(117), 118 31 1,2,4-
Trichlorbenzol

0,43)

117 31 Sum Trichlor-
benzole 

0,4

121  Trichlorethen 10 

130  Isodrin 0,01/0,005*)  1) 

-  Nitrates 50 

   
1) as sum of Aldrin, Dieldrin, Endrin, Isodrin 
2) HCH total (all isomers)  
3) Sum of 3 Trichlorbenzole  
°) = in transitional waters   
*) = in coastal waters   

ANNEX 4.3
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Annex 4.4 System Aqua – “naturalness” of Swedish rivers and lakes

A - THE NATURALNESS OF WATERCOURSES 

N 1. Long-lasting encroachments  
(Occurrence and percentage of encroachments in the main stream of the watercourse) 

Indicator value Occurrence and percentage of encroachments in the watercourse studied 
5 Natural watercourse (entirely unchanged watercourse profile, no signs of exploitation) 
4 Previous encroachments reversed (dams demolished and obstacles to migration removed at least 

10 years ago) or 
Intervention has changed <10% of the length of the watercourse 

3 Intervention has changed >10 - <25% of the length of the watercourse 
2 Intervention has changed >25 - <50% of the length of the watercourse 
1 Intervention has changed >50 - <75% of the length of the watercourse 
0 Intervention has changed the natural course of the watercourse or its drop profile over > 75% of 

the length of the watercourse studied. 

N2. Impact on flow  
(in the main stream of the watercourse) 

Indicator value Drainage ditches /or irrigation taps 
(no./km) 

Flow regulation 
(change in the flow over a 24 hr period/week, %) 

5 0 None 
4 1-2  
3 >3
2 Long-term regulation or

Short-term regulation with minor flow changes (<25% differ-
ence between highest and lowest flow) over a 24 hr pe-
riod/week) 

1  Short-term regulation with major flow changes (>25% differ-
ence between highest and lowest flow) over a 24 hr pe-
riod/week) 

0  Drained in periods as an effect of anthropogenic impact on 
flow (NB not natural)  

ANNEX 4.4
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N5. Alien species in the watercourse studied 

Indicator-
value 

Alien species  

5 Natural, unaffected flora and fauna. No documented setting out in the watercourse being studied or 
the water system. No reported alien species. 

4 The watercourse has had alien (both indigenous and non-indigenous) species but they have disap-
peared /not become mixed in. This impact was temporary and it is possible for the object to return 
to natural conditions. No setting out has occurred in the last 20 years.  

3 Impact on flora and fauna. Supplementary setting out of existing species has probably impacted on 
the genetic diversity.  

2 Major impact on flora and fauna. Establishment of new indigenous species in the watercourse or 
water system, resulting in spread to the watercourse. Setting out of new indigenous species during 
the last 20 years, even when they did not give rise to stocks. 

1 Major impact on flora and fauna. Establishment of non-indigenous species in the watercourse being 
studied or the water system, resulting in spread to the watercourse being studied. Setting out of 
species alien to the country that has taken place in the last 20 years, even when they did not give 
rise to stocks. 

0 Extremely high impact on flora and fauna. Documented elimination of flora and fauna attributable to 
the arrival of new species.  

Highest
indicator value 

Exceptions at regional level for a few common alien species  

3 Occurrence of signal crayfish, Canada goose, elodea canadensis and mink. 

N3. Land use – intensity in the nearby shore area  
(fields, felled areas, settlements/built areas count as severely affected) 

Indicator value Percentage of severely affected types of land use/vegetation in the nearby shore area, of the total 
length of shoreline.  

5 < 10% of the shoreline consists of severely affected types of land use-/vegetation 
4 >10 - <20% of the shoreline is severely affected 
3 >20 - <40% of the shoreline is severely affected 
2 >40 - <60% of the shoreline is severely affected 
1 >60 - <90% of the shoreline is severely affected 
0 >90% of the shoreline is severely affected  

N4. Water quality in the watercourse studied 
(Alkalinity (acidity) and total phosphorous are obligatory parameters. Metals may be included in the evaluation, in 
which case it should be noted that there are different designations for the deviations for metals. At least 50% of the 
length of the watercourse must be considered to have been investigated in order for an assessment to be made).  

Indicator value  
5 Very little if any deviation from the reference value (class 1) according to BG99.  

Limed watercourses may not be given an indicator value of 5 
4 A minor portion (<25%) of the watercourse clearly/moderately (for metals: a little) deviant from the 

reference value (class 2) according to BG99 
3 A larger portion (>25%) of the watercourse clearly/moderately (for metals: a little) deviant from the 

reference value (class 2) according to BG99 
2 Moderate (metals: distinct) deviation from the reference value (class 3) according to BG99 
1 Very large (metals: large) deviation from the reference value (class 4) according to BG99 
0 Extremely large (metals: very large) deviation from the reference value (class 5) according to BG99 
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N6. Change of flora and fauna in the watercourse being studied 
Indicator value Change of flora and fauna 
5 Natural, unaffected flora and fauna.  

Very little if any deviation from the reference value (class 1) according to BG99 
4 Noted tendency towards changes of the natural, unaffected flora and fauna. Little (moderate) de-

viation from reference values (class 2) for any group(s) of plants or animals according to BG99 
3 Ongoing changes of previously established flora/fauna. 

The number of individuals within species designated as sensitive to pollu-
tion/eutrophication/acidification has decreased substantially, while the number of individuals within 
species designated as tolerant has increased. 
Distinct deviation from reference values (class 3) for any group(s) of plants or animals according to 
BG99.

2 Documented flora/ fauna changes with anthropogenic causes.  
Major deviation from the reference values (class 4) for any group(s) of plants or animals according 
to BG99. 

1 Severe disruption of reproduction in fish and/or other fauna.  
Most plants coated with bacteria and/or severe algae periphphyton-diatoms. 
Major deviation from the reference values (class 4) ) för any group(s) of plants or animals according 
to BG99. 

0 Major changes in flora or fauna have been documented. 
Previously established flora/fauna have disappeared either owing to mass development of other 
species or owing to physical/chemical effects. 
Extremely high deviation from the reference values (class 5) för any group(s) of plants or animals 
according to BG99 

Highest
indicator value 

Proposal for evaluation of changes in flora and fauna 

4 Limed or restored watercourses. 
4 Reintroduction of species that previously existed in the watercourse, such as reintroduction and 

establishment of indigenous species that have previously existed in the watercourse being studied 
(requires that supplementary setting out be given lower points). 

3 Mass growth of algae and plants, owing to unnatural nutrient supply or lack of shade in significant 
portions of the watercourse being studied 

3 Substantial sedimentation of organic material or bacteria in significant portions of the watercourse 
3 Growth of diatoms, which give the highest permit classes, 4 and 5 according to BG99. 
3 Documented disruption of reproduction in one or more species. For example, younger generations 

are weak or absent in, for instance, salmon trout. Absence of younger pearl oysters and glochids. 
2 Documented elimination of specie/species in the watercourse. Examples: pearl oysters, noble 

crayfish, salmon trout, minnow, roach, kingfisher, submerged rosette-plants. 
1 Rotenone treated watercourse. 
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B - NATURALNESS IN LAKES

N1. Long-lasting encroachments 
(affecting the littoral zone of the lake being studied) 

Assessment Long-lasting encroachment(s) in the lake being studied, affecting the littoral zone 
5 No encroachments, present or past 
4 < 10 % of the littoral zone has been altered in the last 50 years or

Restoration has reduced the change to <10% or
< 25% of the littoral zone has been altered but the most recent encroachment was more than 50 
years ago 

3 >10 - <25 % of the littoral zone has been altered in the last 50 years or
> 25 % of the littoral zone has been altered but the most recent encroachment was more than 50 
years ago 

2 Encroachments have resulted in >25 - <50 % alteration of the littoral zone 
1 Encroachments have resulted in >50 - <75 % alteration of the littoral zone 
0 Lake raised or lowered so that >75% of the littoral zone (0-3m depth) has been altered 

N2. Water level regulation in lake being studied (Flood control of main channel) 

Indicator value Water level regulation 
5 Lake has a natural outlet and there are no dams in the catchment area that affect the water regime 

in the lake being studied 
4 Lake has a more or less demolished barrier in the outlet, or lake has a permanent barrier in the out-

let that does not regulate the water level appreciably and there are no dams in the catchment area 
with an indirect impact on the water regime in the lake.  

3 Lake has a permanent barrier in the outlet that affects the water level and/or there are no dams in 
the catchment area with an indirect impact on the water regime in the lake. 

2 Lake long-term actively regulated with an amplitude <1 meter 
1 Lake long-term actively regulated with an amplitude >1 - <3 meters 
0 Lake short-term regulated or with a short-term regulation amplitude of >3 meters 

N3. Land use in nearby shore area 
(fields, felled areas and settlements/built areas considered severely affected) 

Indicator value Percentage of severely affected types of land use-/vegetation in the nearby shore area, of the total 
length of shoreline. 

5 < 10% of the shoreline consists of severely affected types of land use-/vegetation 
4 >10 - <20% of the shoreline is severely affected  
3 >20 - <40% of the shoreline is severely affected  
2 >40 - <60% of the shoreline is severely affected  
1 >60 - <90% of the shoreline is severely affected  
0 >90% of the shoreline is severely affected  

N4. Water quality in the lake being studied 
(Alkalinity (acidity) and total phosphorous are obligator parameters. Metals may be included in the evaluation, but it 
must be noted that deviations for metals have different designations) 

Indicator value  
5 Very little if any deviation from the reference value (class 1) according to BG99.  
4 A minor portion (<25%) of the lake clearly/moderately (for metals: a little) deviant from the reference 

value (class 2) according to BG99 
3 A larger portion (>25%) of the lake being studied clearly/moderately (for metals: a little) deviant 

from the reference value (class 2) according to BG99 
2 Moderate (metals: distinct) deviation from the reference value (class 3) according to BG99 
1 Very large (metals: large) deviation from the reference value (class 4) according to BG99 
0 Extremely large (metals: very large) deviation from the reference value (class 5) according to BG99 
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N5. Alien species in the lake being studied 

Indicator value Alien species  
5 Natural, unaffected flora and fauna. No documented setting out in the lake being studied or the wa-

ter system. No reported alien species. 
4 The lake being studied has had alien (both indigenous and non-indigenous) species but they have 

disappeared /not become mixed in. This impact was temporary and it is possible for the lake being 
studied to return to natural conditions. No setting out has occurred in the last 20 years.  

3 Impact on flora and fauna. Supplementary setting out of existing species has probably impacted on 
the genetic diversity. 

2 Major impact on flora and fauna. Establishment of new indigenous species in the lake being studied 
or water system, resulting in spread to the lake being studied. Setting out of new indigenous spe-
cies during the last 20 years, even when they did not give rise to stocks. 

1 Major impact on flora and fauna. Establishment of species alien to the country in the lake being 
studied or water system, resulting in spread to the lake being studied. Setting out of species alien 
to the country that has taken place in the last 20 years, even when they did not give rise to stocks. 

0 Extremely high impact on flora and fauna. Documented elimination of flora and fauna attributable to 
the arrival of new species.  

Highest
indicator value 

Exceptions at regional level for a few common alien species  

3 Occurrence of signal crayfish, Canada goose, elodea canadensis and mink. 

N6. Change of flora and fauna in the lake being studied 

Indicator value Change of flora and fauna 
5 Natural, unaffected flora and fauna.  

Very little if any deviation from the reference value (class 1) according to BG99 
4 Noted tendency towards changes of the natural, unaffected flora and fauna. Little (moderate) de-

viation from reference values (class 2) for any group(s) of plants or animals according to BG99 
3 Ongoing changes of previously established flora/fauna. 

The number of individuals within species designated as sensitive to pollu-
tion/eutrophication/acidification has decreased substantially, while the number of individuals within 
species designated as tolerant has increased. 
Distinct deviation from reference values (class 3) for any group(s) of plants or animals according to 
BG99

2 Documented flora/ fauna changes with anthropogenic causes.  
Major deviation from the reference values (class 4) for any group(s) of plants or animals according 
to BG99 

1 Severe disruption of reproduction in fish and/or other fauna.  
Most plants coated with bacteria and/or severe periphphyton-diatoms. 
Major deviation from the reference values (class 4) ) för any group(s) of plants or animals according 
to BG99. 

Highest
indicator value 

Proposal for assessment of change in flora and fauna 

4 Limed or restored lake. 
4 Reintroduction of species that previously existed in the watercourse, such as reintroduction and 

establishment of indigenous species that have previously existed in the lake being studied (re-
quires that supplementary setting out be given lower points). 

3 Mass growth of algae and plants, owing to unnatural nutrient 
3 Substantial sedimentation of organic material or bacteria 
3 Documented disruption of reproduction in one or more species. For example, younger generations 

are weak or absent in perch. Only older individuals or shells from goose barnacles occur. 
2 Documented elimination of specie/species in the lake being studied. Examples: Noble crayfish, 

roach, various species of diver, water lobelia. 
1 Mass occurrence of water lobelia small-size cyprinids (roach, bream) displaying signs of bad con-

dition (viruses, sores, abscesses). 
0 Rotenone treated lake. 
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