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 Natura 2000 habitat mapping in Kattegat, Denmark:
an example from Læsø Trindel

 Zyad K. Al-Hamdani and Laura G. Addington

Natura 2000 is a network of nature protection areas estab-

lished by the European Union under the Habitats Directive 

(European Union 1992). The aim is to assure long-term sur-

vival of the most valuable and endangered species and habi-

tats in Europe. The network comprises special areas of con-

servation and protection designated by the member states 

under, respectively, the Habitats Directive and the Birds Di-

rective. The establishment of the network of protected areas 

also fulfils a community obligation under the Convention of 

Biological Diversity of the United Nations.

The member states of the European Union are obliged 

to ensure full compliance with Natura 2000 legislation and 

must work out a management plan for each Natura 2000 

area. In the marine environment, detailed information on 

the Natura 2000 areas is necessary to make informed man-

agement plans in fulfilment of national and international 

obligations and regulate human activities. The data may 

come from geophysical mapping or from biological sampling 

or from both.

This paper presents some of the results of a habitat map-

ping project performed in 2011 covering almost all Natura 

2000 areas and pre-designated, aggregate extraction areas in 

the inner Danish waters. Due to time and resource limita-

tions, the Natura 2000 areas in Danish waters were mapped 

by geophysical methods to produce seabed sediment maps, 

followed by biological sampling at selected stations. This is a 

fast and reliable method for producing a broad-scale habitat 

map of large areas in a limited time.

The areas were mapped and classified according to the 

Habitats Directive (European Union 1992; European Com-

mission 2007). The mapping was also conducted to conform 

to the Marine Strategy Framework Directive, which requires 

the member states to provide an initial assessment of their 

marine waters by July 2012 (European Union 2008).

The Geological Survey of Denmark and Greenland 

(GEUS) carried out the geological and geophysical work, and 

Orbicon A/S undertook the biological investigations in 18 

Natura 2000 areas in Kattegat and the southern Baltic Sea 

(Fig. 1). Læsø Trindel is a Natura 2000 area with a significant 

biodiversity and a wide range of habitat types of which three 

are of special interest: (1) boulder reefs, (2) sandbanks and (3) 

‘bubbling reefs’ which are structures formed by leaking gas. 

 Geological setting
 Læsø Trindel is located north-east of Læsø, the largest island 

in Kattegat. The Læsø Trindel area is located in the NW–

SE-trending Fennoscandian Border Zone and has been af-

fected by neotectonic deformation (Hansen 1995). In this 

area there is a succession of Weichselian clay and silt with 

scattered stones and boulders, locally overlain by till. After 

isostatic rebound and erosion of the sediments in the Holo-

cene, a widespread residual layer of boulders or patches of 

boulders has been left. Hermansen & Jensen (2000) pro-

duced a regional (1:500 000 scale) seabed sediment map of 

the Danish waters, which shows the presence of till deposits 

in the area on and around Læsø Trindel. However, at that 

time there were insufficient data for a detailed sediment map 

of the area.
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Fig. 1.  Map of inner waters in Denmark showing the locations of the Nat-

ura 2000 and the aggregate extraction areas mapped in 2011. Inset: 2005 

and 2011 sailing lines in the Læsø Trindel area.
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A more recent study undertaken by GEUS in 2005 yield-

ed echo sounder, side-scan sonar and ground truth data from 

the central part of Læsø Trindel (Fig. 1; Leth & Al-Hamdani 

2008) showing that it consists of a 2 × 2 km shallow platform 

with water depths of 4 to 13 m. In the eastern and south-east-

ern parts of the survey area, the water depth increases to 45 m 

(Fig. 2A). The platform consists mainly of till with boulders 

and cobbles that vary in size and distribution throughout the 

area. Its central part shows the highest density of cobbles and 

boulders, and this is the main boulder reef of the region. The 

surrounding part is characterised by gravelly sand and sand 

patches with scattered boulders.

 Methods
 Field work in 2011 was carried out in two phases: In phase 

one, bathymetry data were collected with a single-beam echo 

sounder, and overlapping seabed backscatter images were ob-

tained using side-scan sonar with 100 and 400 kHz frequen-

cies. Information on the sub-bottom layers was obtained 

with a chirp profiler (1–10 kHz; providing high resolution 

but low penetration) and a sparker (1 kHz; providing deeper 

penetration but lower resolution). The area was surveyed 

with 100 m line spacing to ensure full seabed coverage. Cross 

lines with 4 km spacing were surveyed for cross-verification 

(Fig. 1).

In phase two, which succeeded preliminary interpreta-

tion of the acoustic data, areas of special interest were video 

filmed with a camera mounted on a remotely operated vehi-

cle, and surface sediment samples were collected with a Van 

Veen grab sampler. Finally, sediment cores were collected 

with a 6 m long vibrocorer. The acoustic data, the video films 

and the grab and core samples were used together with older 

data for the final interpretation and habitat mapping .

 Results and discussion
 The data from 2005 and 2011 cover almost the entire Læsø 

Trindel Natura 2000 area (Fig. 1) and were used to map th e 

bathymetry along the sailing lines, to compile a side-scan 

mosaic and to map the distribution of various substrates and 

nature types. The depth data from 2011 compare well with 

the depth data from 2005 which were acquired with a highly 

accurate multibeam echo sounder (Fig. 2A).

The side-scan backscatter mosaic image shows variation 

in substrate reflectivity due to the different signatures of the 

different sediments (Fig. 2B). The interpretation of the im-

age was carried out by dividing the image into 50 × 50 m 

blocks and manually classifying the sediments in each block.
Fig. 2. The Læsø Trindel Natura 2000 area. A: Bathymetry. B: Side-scan 

sonar mosaic. The grey scale reflects hard (dark) to soft (light) sediments. 

C: Interpreted distribution of substrate types and Natura 2000 habitats.
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Interpretation of the side-scan images together with 

ground truth samples allowed us to produce a map that 

shows the distribution of substrate types and the occurrence 

of Natura 2000 habitat types, using the classification catego-

ries suggested by the Danish Nature Agency (Table 1; Fig. 

2C). The chirp profiles were also used for the interpretation. 

The different types of sediments give different seismic sig-

nals that enhance the final seabed sediment interpretation 

significantly.

Boulder reefs (substrate type 4) cover c. 38% of the Na

tura 2000 area. Between these, substrate type 2 with sand 

and scattered boulders dominates. The deeper south-eastern 

parts of the surveyed area are dominated by soft sediment. 

Sandbanks are not well defined in the Læsø Trindel area, but 

Substrate Description
type

1a Soft bottom sediment with silt and mud
1b Sand, including sandbanks
2 Sand, gravel and small stones <10 cm. May also comprise
 scattered stones >10 cm that cover <10% of the area
3 Sand, gravel and small stones <10 cm. May also comprise

 scattered stones >10 cm that cover 10–25% of the area
4 Stones >10 cm with >25% coverage; also with sand,
 gravel and scattered, small stones

Table 1. Substrate classification

Fig. 3. Examples of ‘bubbling reefs’. A: On side-scan images ‘bubbling reefs’ appear as small areas with lowered reflectivity (arrows). B: Shallow seismic 

sparker profiles with sites where the water column is disturbed by gas seeping out from the sediments (arrows). C: Snapshots from a video film taken with a 

camera mounted on a remotely operated vehicle. Gas bubbles are seen in the water column above the ‘bubbling reefs’ (arrows). The reefs have a rich epiflora 

and epifauna.
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some sand accumulations (substrate type 1b) are found in the 

eastern and southern parts.

‘Bubbling reefs’ form at sites where methane gas seeping 

up from Eemian and early Weichselian marine deposits has 

led to carbonate cementation of sand in the methane oxida-

tion zone (Jensen et al. 1992; Laier et al. 1992). In some areas, 

cemented sand slabs have been exposed by subsequent erosion 

producing a hard substrate, which can be colonised by plants 

and animals that form a rich epiflora and epifauna. The ge-

ology, geochemistry and biology of the ‘bubbling reefs’ have 

been intensively studied, and their structure, origin and for-

mation have been described by Jørgensen (1989), Jensen et al. 

(1992) and Laier & Jensen (2007).

‘Bubbling reefs’ are fairly common in the Læsø Trindel re-

gion where they were discovered by chance by fishermen and 

sport divers. Some ‘bubbling reefs’ were recorded on side-

scan images during previous surveys (Leth & Al-Hamdani 

2008), and additional occurrences of these structures were 

recorded in the side-scan data from 2011 (Fig. 2C). They are 

distinctive on the side-scan images (Fig. 3A), but can also 

be detected on shallow seismic profiles (Fig. 3B) where gas-

prone structures can be mapped, and sometimes gas bubbles 

can be seen in the water column. The ‘bubbling reefs’ occur 

mainly in areas with sandy seabed (substrate type 1b). The 

reefs support benthic communities rich in species (Fig. 3C) 

and have many cavities where animals can find shelter.

 Concluding remarks
 1. Habitat mapping using geophysical methods in combi-

nation with ground truth observations and sampling is 

a cost-eff ective means of mapping large seabed areas in 

a relatively short time.

2. Some Natura 2000 habitats such as the ‘bubbling reefs’ 

were originally discovered by chance by fi shermen and 

sport divers. Side-scan surveying is an eff ective way to 

map this habitat type over larger areas. 

3. Th e results obtained during this project provide infor-

mation on the physical features and the habitat types 

of Læsø Trindel. Th ese two elements are important 

to assess the current environmental status of marine 

waters as required by the Marine Strategy Framework 

Directive (table 1 in annex III).

4. Management of human activities in the marine environ-

ment requires a management plan that ensures habitat 

protection and at the same time enhances sustainable 

economic growth of the region. Th is project provides 

information on Natura 2000 areas for decision makers 

in Denmark.
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