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Summary
Two visits were made by RSPB staff to shallow lakes in Sweden and Denmark in spring
2005 to investigate the grazing of reedbed margins. This grazing can create a zone of
open water and grazed vegetation on the ‘landward’ side of reedbeds in shallow lakes,
known as the ‘Blue Border’. The Blue Border is considered the most productive area of
shallow freshwater wetlands for waterbirds in Sweden and Denmark. The areas of fen
and swamp created using Blue Border management supported breeding spotted crakes
and, in Sweden, reasonably high densities of breeding snipe. The extent to which Blue
Border management provides suitable habitat for bitterns was less clear. Green frogs
were common in the Blue Border of some sites and might provide important prey for
them. The Blue Border might also act as a nursery area for fish, thereby increasing fish
biomass in the lake as a whole.
The main advantage of Blue Border management is as a low-cost method of maintaining
a range of wetland habitats in close proximity: reedbed, open water, sedge-fen/swamp &
grassland. Creation of a valuable Blue Border relies on their being suitable topography
combined with a suitable level of summer drawdown. The only active management
required to create it is summer cattle grazing. The depths of summer drawdown at the
sites visited were similar to those that would occur at many wetlands in the UK that do
not receive inputs of water from point sources or groundwater flow in summer. Blue
Border management might therefore be an efficient method of maintaining reed-margin
and other wetland habitats at some site in the future, without the need to store winter
rainfall for use in late spring and summer. The topography required for successful Blue
Border management could be engineered at some sites, particularly at wetland creation
sites.

1. Introduction
In the mid-1990’s two visits were made by RSPB site managers to wetlands in southern
Sweden to look at reedbed management, particularly for bitterns. At that time, Sweden
had an increasing breeding bittern population, while numbers of breeding bitterns in the
UK were at their lowest level since re-colonisation. One of the observations during these
visits was that the margins of Swedish lakes contained mixtures of reedbed, shallow
open water and wet grassland, but that in the UK reedbeds and wet grasslands are
usually separate from one another. These mixtures of wetland habitats on the margins of
these Swedish lakes (and those in some other north-west European countries) are
maintained by grazing. The area of shallow, open water created by grazing of the
reedbed is known as the blå bård (‘Blue Border’) in Sweden. This is because it forms a
border of water on the outside margin of the reedbed (see Fig. 1).
Following these initial visits to Sweden, an area of wetland was created at Minsmere
RSPB Reserve in the UK that aimed to mimic features of this Blue Border (the ‘North
Levels Project’). This area was land-formed in 1999/2000 and has been grazed yearround by Konik ponies since September 2001. This area currently consists a mixture of
reedbed, Scirpus maritimus-dominated swamp, grassland and shallow seasonal and
permanent water bodies.
Following discussions over management of the ‘North Levels Project’, it was decided
that it would be informative to re-visit wetlands in Sweden to investigate Blue Border
management. None of the staff currently involved at the site had visited areas managed
in this way. Two RSPB staff (AR & IH), were also invited to visit Denmark by DOF
(Danish Birdlife Partner) to attend a small seminar on reedbed management and to visit
several wetland sites and restoration projects in Fyn County and Vejlerne in Jutland.
These areas were also managed to create Blue Borders. This report summarises the
findings of these two trips and considers the potential for using Blue Border
management in UK wetlands.

2. Trip itineries
2.1. Sweden
18 May: Three flew to Stockholm S. Skasta with Ryanair arriving 22.00 and drove to
Lake Tåkern. Overnight at Tåkern Field Station.
19 May: Four flew to Stockholm S. Skavsta with Ryanair, arriving midday and drove to
Lake Tåkern. Day spent visiting sites around Lake Tåkern. Overnight at Tåkern Field
Station.

20 May: All drove from Lake Tåkern to Lake Hornborga, arriving midday. Afternoon
spent visiting Lake Hornborga. Overnight at Löfwings 2 km from Lake Hornborga
Visitor Centre.
21-22 May: Taken as leave to go birding. Overnight at Löfwings.
22 May: Brief visit to Lake Kvismaren (an important bittern breeding site) on the way to
the airport. Return from Stockholm S Skavsta to the UK.

2.2. Denmark
25 May: Flew from Stansted to Copenhagen with EasyJet. Drove from airport to Fyn
County. Presentations on:
• Wetland restoration in Fyn County
• EU LIFE projects in Fyn County
• Bird monitoring in Fyn County
• Tryggelev Nor DOF reserve
Evening visit to Gulstav Mose DOF reserve.
26 May: Morning visit to Tryggelev Nor DOF reserve and afternoon at Nørreballe Nor.
Travelled to Vejlerne in evening.
27 May: Site visit to Vejlerne, Aage V. Jensen Charity Foundation reserve, during the
morning followed by a seminar on reedbed management with presentations from the
RSPB and DOF in the afternoon. Flew back to Copenhagen in the evening to connect to
return flight to Stansted.

3. Contacts
3.1. Sweden
Lake Tåkern, Sweden
Lars Gezelius (Director of Tåkern Field Station)
lars.gezelius@e.lst.se
Länsstyrelsen Östergötland
581 86 Linköping
013-19 63 39

Lake Hornborga, Sweden
Peder Hedberg Fält (Office Manager)
Peder.Hedberg.Falt@o.lst.se

DOF - Tryggelev Nor, Nørreballe Nor and Gulstav Mose, Denmark
Søren Ferdinand Hansen
soren.hansen@dof.dk
mobile: +45 21 73 07 78

Vejlerne, Denmark
Mr. Poul Hald Mortensen
Aage V. Jensen Charity Foundation
phm@avjf.dk

4. Information from site visits
4.1. Lake Tåkern, Sweden
Lake Tåkern (pronounced Torken) was the site highlighted during the visits in the mid1990’s as containing the best example of Blue Border management. In Sweden (and some
other northern European countries) the Blue Border is considered to be the most
productive zone of lowland wetlands. Lake Tåkern is one of the four main important
shallow lowland eutrophic ‘bird lakes’ in southern Sweden, the others being lake
Hornborga, Lake Kvismaren and Kristianstads Vattenrike. The main bird interest of
Lake Tåkern is summarised in Table 1.
Table 1. Key bird species at Lake Tåkern
Species
Breeding:
Bittern (boomers)
Marsh harrier (prs)
Spotted crake (singing
males)
Crane (prs)
Black tern (prs)
Great reed warbler
(singing males)
Bearded tit
Penduline tit (prs)

Lapwing (prs)
Redshank (prs)
Blue-headed wagtail
Wintering/passage:
Bean goose (max)
Greylag goose (max)
Crane

Estimated nos
(2004)

Trend

51

Stable overall (with periodic fluctuations)
since early 1979’s
Stable since mid 1970’s
Stable

49
10
14
1
204
?
11

81
20
23

10,270
14,400
3100

Increasing
Increase from early 1970’s until late
1980’s, then decline since then
Steady increase since early 1970’s
Decline since early 1990s
Colonised in late 1980’s, then more or less
stable at 20-40 pairs. 2004 figure lowest
since 1990.
Probable decline
Stable
?

Down from 40-50,000 in late 1980’s
Steady increase from < 1,000 in mid 1980’s
Steady increase since late 1980’s

The lake is 5600 ha in extent with a mean depth 0.8 m and a maximum depth 1.7 m.

Lake Tåkern receives its water from the surrounding intensively managed farmland.
This water is nutrient-rich (no specific data available), but the high calcium levels reduce
the availability of phosphorus ie it is similar to marl lakes in the UK. There is one outlet
to the lake. The water is clear and the submerged fauna dominated by stoneworts (Chara
spp) in most, but not all years. Bladderwort (Utricularia sp) was also present in sheltered
areas of the Blue Border of the lake. The lake frequently freezes across its whole surface
in winter (although less frequently in recent years), but never freezes deeply enough to
kill fish.
The lake and its immediate shores are a nature reserve. This is managed through
agreements with local farmers. The farmers graze cattle on the pastures surrounding the
lake and cut small areas of reed in the lake itself.
The total area of reedbed in the lake is 1500 ha, making it one of the largest reedbeds in
northern Europe. There are three main types of lakeshore (see Fig. 1):
1) Grazed Blue Border
2) Grazed grassland/sedge-dominated mire
3) Ungrazed wet reedbed grading into ungrazed dry reedbed. This would
presumably be the main type of lakeshore if there was no grazing.
The maximum width of reedbed on the margins of the lake was 4 km. The mean density
of breeding bitterns within the reedbed are one boomer per 29 ha. This compares with a
current density of one boomer per 18 ha of reedbed at Minsmere.

Fig. 1. Map of Lake Tåkern (Copyright: Länsstyrelsen Östergötland)

The Blue Border consisted of a typically 20-50 m wide zone of shallow water and
emergent vegetation on the landward side of the reedbed containing water up to ca 0.5
m deep (see Figs. 2-6). The Blue Border is created by cattle grazing out the reed, thus
converting reed-dominated areas to open water and vegetation dominated by more
grazing tolerant plant species (Fig. 7). These cattle walk into shallow water to graze the
reed and other vegetation as water levels fall. Probably most grazing of reed takes place
during the early part of the summer, when reed is more palatable. The lower extent of
grazing coincides more or less with the minimum water level height in autumn. Because
the cattle only need to enter shallow water to graze the reed, or wait until the vegetation
it has been exposed by falling water levels, there is no need to use hardy, wetland
specialist breeds. Instead, all the grazing is carried out by modern commercial breeds.
Grazing takes place from the first half of May onwards. At Lake Tåkern the extent of the
natural drawdown of ca 0.45 m between April and September. Typically a 20-30 m wide
zone is exposed as water levels fall.
The dominant vegetation in the grazed Blue Border was the medium-sized tussocky
slender tufted sedge sedge Carex acuta. Floating sweet-grass Glyceria fluitans was the
most conspicuous grass in the water. Other grasses and small sedge species
predominated in the higher grassland on the outside of the Blue Border.

Fig. 2. Aerial photograph of the margins of
Lake Tåkern. The area of grassland on the
lake margins is outlined in white. The Blue
Border is the dark (flooded) area between
the grassland and reedbed

Lake

Blue
Border

Reedbed

Figs. 3-5. Blue Border margin, Lake Tåkern
There appears to be no published information on the management of, or the ecology, of
the Blue Border. It is thought to have high invertebrate productivity, because the water
is shallow and sheltered compared to open areas of lakeshore, and because of the
absence of larger fish. However, this might mean that the Blue Border may not support
fish of optimal size for feeding bitterns. It is, though, probably an important nursery
area for fish and may therefore help maintain a higher fish biomass in the lake as a
whole. The Blue Border also provides important spawning areas for amphibians.
Common frog, moor frog and common toad were the main amphibian species at the
sites visited in Sweden. However, these amphibians only congregate in the Blue Border
to spawn in spring. The adult amphibians then disperse elsewhere. This area of Sweden
does not support green frogs, unlike the Danish sites visited. Green frogs tend to remain
in or close to shallow water throughout the spring and summer.

Fig. 6. Vegetation created by ‘Blue Border’ management.

Most of the reedbed in the lake, away from its grazed margins, is unmanaged. There is
some small-scale reed cutting. However, this is not considered beneficial, since greylag
geese graze cut areas and destroy the reed. Overall, despite the relatively large number
of greylags at the Lake (usually 10-15,000 moulting birds and 640 breeding pairs), there
is currently not thought to be an appreciable change in the extent of reed in the lake.
Apart from in the cut areas, we were told that greylags prevented expansion of reed, but
did not generally graze back existing mats of reed established reed and its associated

litter. The other factor affecting reedbed structure is snowfall. This flattens considerable
areas of reed. Flattened areas within the reedbed are favourite nesting sites for cranes.
There was virtually no scrub present in the reedbed, and succession is not considered an
issue. Despite the lack of management of the reedbed, there was obviously enough
suitable open wet reedbed for breeding bitterns and great reed warblers, the two bird
species thought to be most dependent on early successional reedbed margins.
Populations of both species are faring well at Lake Tåkern. Was the slow rate of
succession due to litter accumulation in the reedbed being reduced by litter being
washed out by wave action into the open water of the lake?
The most similar vegetation to the grazed sedge-dominated zone of the Blue Border that
we are aware of in the UK is the sedge-dominated northern poor-fen of Insh Marshes.
The northern poor-fen at Insh Marshes is also dominated by medium-sized sedges
(mainly bottle sedge Carex rostrata, bladder sedge C. vesicaria and water sedge C.
aquatilis), is immersed in spring and, unlike much other similarly-structured sedgedominated vegetation in the UK, is not irrigated by strongly acidic water. Densities of
breeding waders on the grassland and associated Blue Border at Lake Tåkern, at Insh
Marshes RSPB Reserve and on lowland wet grassland sites in England are shown in
Table 2.

Table 2. Densities of breeding waders (estimated pairs per km2) in the Blue Border &
associated grassland at Lake Tåkern compared to at sites in the UK
Lake
Tåkern*

Lapwing
Redshank
Snipe

33
8
25

Insh
Marshes

19
19
51

Nene
Washes

67
44
34

Ouse
Washes
(non-flood
years)
17
18
11

Mean for all RSPB
lowland wet
grassland reserves in
England
19
15
5

* Lars Gezelius considers that only half of the grassland/swamp on the margins of the lake are ‘well-managed’ for
breeding waders. Therefore, the densities for well-managed areas will be higher than those shown.

There was a noticeable absence of rushes in the Blue Border and associated
grassland/mire and swamp at Lake Tåkern (and also Lake Hornborga). This was
probably because the sites had not been agriculturally improved (rushes tend to be more
of a problem on agriculturally improved land). The high pH at both sites undoubtedly
made the sites less suitable for infestation by Juncus effusus (which prefers mildly acidic
conditions), although hard rush J. inflexus (which prefers more base-rich conditions) was
also absent.

The areas surrounding Lake Tåkern alsom contained meadows dominated by mediumsized Carex species and reed sweet-grass Glyceria maxima. These areas, together with
similar habitat in the Blue Border, supported breeding snipe and spotted crakes. The
meadows had a water table at or close to the ground surface when visited in mid-May
and were mainly managed by late-summer mowing (& in some cases also scrubremoval). Other unimproved grassy meadows contained a mixture of grasses and
smaller sedge species. The water table in these meadows was probably above the
ground over large areas (but we didn’t walk out into them). These unimproved grassy
meadows supported high densities of breeding snipe and smaller numbers of breeding
lapwings and redshank. Great snipe also sometimes lek on them.
Some areas of formerly unmanaged reed margins (i.e. area that were reed-dominated
across the transition from wet to dry ground) had been rotovated to destroy the reed so
that these areas could then be brought into grazing management. This was considered to
have been unsuccessful because the destruction of the reed mat made the peaty ground
too soft for cattle to walk on and graze. It was considered that firmer, mineral zones
were more suitable for development of the Blue Border. However, the areas that had
been rotovated was still dominated by Carex spp (probably C. acuta) and supported
spotted crakes and good numbers of drumming snipe.

4.2. Lake Hornborga
Lake Hornborga (pronounced Hornboreeya) is a 3500 ha restored shallow lake that has
been the subject of the largest wetland restoration project in Sweden. The estimated cost
of the revised project is 60 million SEK (£6 million pounds). It was visited in 1995 by
RSPB staff, whose trip report stated: ‘Grazing of the wet meadow/reedbed interface is a
common feature of wetlands on the Continent and creates a wetland mosaic beneficial to
a wide range of species - tussocks for breeding wildfowl and waders, poached/open
mud for feeding waders and ducklings, small patches of open water for waterfowl,
amphibians and invertebrates, and an extensive shallow water/reed interface for feeding
bitterns and herons. This is a habitat type which should be developed to a greater extent
in Britain’.
Lake Hornborga is most famous for its passage cranes (12,000 on spring passage in
2005). It also supports high numbers of breeding waterbirds, including 10,000 pairs of
black-headed gulls, ca 50 pairs of black-necked grebes, ca 50 pairs of black terns, rednecked grebes, 35 pairs of cranes, formerly up to 14 booming bitterns.
Between 1802 and 1933, five attempts were made to drain the area and convert it to
farmland. The final attempt succeeded in draining the lake but annual spring flooding
prevented the establishment of crops. It did, however, produce ideal conditions for reed
to colonise the damp mud and virtually all open water was colonised with reed by 1955.

This massive encroachment resulted in dramatic reductions in the bird interest of the
site. Work began in 1990 to raise water levels in the lake and reduce the extent of reed.
Water levels have been raised by 0.85 m and there have been 3 km of dams constructed
along its western edge to protect three small areas of arable. Work has also involved the
removal of 800 ha of scrub, principally Salix and Betula; rotovation of 1200 ha of reed to
create open water and the infilling of 10km of drainage ditches. This restoration work
finished in 1995, at about the time that the two previous RSPB visits were made to
Sweden.
The intention had been to reduce the area of reed to approximately 1500 ha and to
manage the grasslands surrounding the restored lake by grazing to produce a Blue
Border. The visitor maps at the site show extensive areas of reedbed and a Blue Border
zone, while the main display in the visitor centre is about the Blue Border (Fig. 8).
However, since the restoration has been finished, virtually all the reed has been lost.
When the visited the lake in 2005 there was only 50-100 ha of reedbed left. The major
cause of the reduction in reed has been grazing by greylag geese, although the raising of
water levels is also likely to have contributed.
Currently more or less the only vegetation in the lake consists of small, mainly floating
patches of reed, abundant dead scrub, and in some areas flooded dead trees and small
areas of other emergent vegetation. The water in the lake appeared to be quite nutrientrich from decay of flooded vegetation. There was abundant coarse detritus along the
shore of the lake (particularly decaying branches from the flooded scrub and trees), and
the lake margins visited consisted of thick, anoxic mud. The main food supply within
the lake are non-biting midge larvae (Chironomidae) (typically 10,000 m-2, but up to 80,
000 m-2) water hog-lice Asellus and aquatic snails. In this respect, Lake Hornborga is
probably currently in the early stages of a high level of productivity, similar to that
which occurs when an area of lowland is flooded to create a reservoir. This period of
high productivity is probably continuing for a longer period than at, for example many
reservoirs, due to the relatively low through-put of water and large quantity of decaying
wood and other plant material. There is likely to become a severe shortage of nesting
sites for birds as the remaining small mats of floating vegetation disappear and the
flooded scrub (amongst which many wildfowl currently nest) eventually decays.
The events at Lake Hornborga provide a warning of the potential dangers of raising
water levels too high and of the effects of high levels of goose grazing. By reducing
water levels and grazing pressure, extensive reedbeds could possibly be re-established
at the site, but water levels are controlled by statutory legislation and cannot be lowered
to achieve this currently.

Fig. 7. Blue Border interpretive display, Lake Hornborga Visitor Centre

4.3. Gulstav Mose DOF reserve, Sydlangeland
Gulstav Mose is a seven-hectare basin wetland, on the south tip of the island of
Langeland (Fig. 9). It was bought by DOF, in 1971, following unsuccessful attempts to
drain it. Following purchase, a bund was constructed across the south end of the lake to
raise water levels. Despite its small size, this site had two booming bitterns, both of
which were heard during our visit. The wetland is stream fed from the north. The
catchment is mainly arable and silage agriculture. The soils are mineral loam/clay, with
some peat possibly in the basin bottom. There are two to three hectares of open water,
which was fresh and clear. Nutrient levels are probably high (blanket weed was
common). The depth of the lake was thought to be about one metre. The fish species or
populations within the lake are not known. Amphibians are thought to be important
component of bitterns diet, but there was also evidence that bitterns fly from the site to
feed and it maybe that nearby wetlands are also important.

Fig. 8. Gulstav Mose

Only two to three hectares of reed, with some stands of great fen-sedge Cladium
mariscus, fringe the open water. The reed/water interface is convoluted; with patchy reed
with a lot of open water in it and the significant interface of water and reed is obviously
a key factor in the high bittern density at this site. The reed and open water interface is
maintained by grazing on the lake margins, but also naturally in the deeper areas of the
lake. It is inferred that the majority of the reeds are growing in quite deep water, and so
they would not need active management to maintain the succession at present, but some
scrub had been removed last winter. Willow control in the reedbed is also being
considered. It would be interesting to confirm the water depths in these stands and the
open water body, and the variation of water levels through the year.
One to two hectares of botanically rich, fen-meadow fringes the reed, with southern
marsh orchid, lady’s-smock, and several species of sedge. This area is summer grazed by
cattle. The cattle are able to graze into the reed as water levels lower during the summer,
creating a 10-20 metre wide band of Blue Border’ (the summer drawdown is not known).
The blue border is separated from the main water body of open water by the reed. Parts
are trampled heavily to form open water, other areas contain open stands of sedge and
reed. Some macrophytes are also present. It was full of common frogs Rana temporaria,
moor frogs Rana arvalis and edible frogs Rana esculenta. It was also rich in large aquatic
invertebrates.
The fen meadow has scattered thorn bushes in it (containing three red-backed shrike
territories). A few willow bushes in the reed complete a fantastic mosaic of habitats.
To the north, a road and a track bound the reserve. To the west, a stand of scrub, and
coppiced hazel (rare in Denmark) bound the reserve. To the south, the reserve is
separated, by a bund, from a 3-ha open water body surrounded by more closely grazed
grassland. This grassland forms part of a network of glacial moraine hills characteristic
of the area (Hatbakker or hat-hills). These are truncated to the south by the Baltic Sea.
Fire-bellied toads have been introduced to ponds in the grassland to the south of the
main lake.

Figs. 9-10. Gulstav Mose Blue Border
From discussion with Knud Flensted afterwards, we learned that common and moor
frogs breed in April. The latter stay in the fen-meadow afterwards. The edible frogs
breed in May, and are more amphibious throughout the year. This species (and other
green frogs) cannot tolerate the presence of fish. Therefore, there is a long period when
amphibians are abundant in the blue border and fen-meadow during the breeding
season. Agile frogs are also present in some systems.

4.4. Tryggelev Nor and Nørreballe Nor
Tryggelev Nor is a 100 ha lagoon system. It is designated SPA for supporting Bittern,
marsh harrier, and spotted crake and SAC for coastal lagoon habitat. Nørrebelle Nor is
a 70 ha wetland restoration project. Both sites are owned and managed by DOF (the
Danish Birdlife partner).
The habitats at Tryggelev Nor consist of 30 ha of coastal lagoon, 15 ha of reedbed, 13 ha
fen/blue border, 19 ha dry grassland (6 ah calcareous), 18 ha saltmarsh and 6 ha dune.
The site supports the following breeding birds: bittern (5-7 boomers), red-necked grebe
(30 – 50 pairs), gadwall (14 pairs), shoveler (26 pairs), marsh harrier (2 nests), water rail
(17 territories), lapwing (19 pairs), redshank (8 pairs). White-tailed eagle are nonbreeding visitors (a sub-adult was present during our visit).
The lagoon is hypertrophic, with a high historic internal nitrate and phosphate loading
(from former agricultural soils) and external loading from a 1000 ha catchment
dominated by agriculture resulting in an input of 23 tonnes of N per annum. There is
poor tidal exchange, resulting in dessication and variable salinities.
The saltmarsh and reedbeds are thought to be overgrown and succeeding, with willow
spreading.

An EU LIFE funded project to decrease nutrient levels in the lagoon is proposed. This
will involve increased tidal exchange, to reduce the nitrogen load in the sediment. A
new tidal exchange sluice is to be installed to decrease dessication and improve the
stability of the salinity regime. It will be used to supply the lagoon with brackish water
from the Baltic during October – March. The establishment of the freshwater wetland of
Nørrebelle Nor will also reduce nutrient input into the coastal lagoon. A cutting regime
is proposed to reverse succession in the reedbed and wetland margins.
The Baltic Sea is only 14 0/00. The salinity of the lagoon is almost fresh at present, but
dessicates and becomes more saline. Increased tidal exchange will stabilise salinities at a
higher level of 5-8 0/00. Plenty of fish (roach and possibly rudd) and edible frogs were
seen; and eels are reported. It is thought that these species will tolerate the higher
salinities based on observations made on similar lagoons elsewhere. This should be
monitored, with base-line populations levels and distribution established in relation to
salinity prior to tidal exchange for comparison with any subsequent changes in
population level or distribution.
The extent of the reedbeds, and any change in the quality of the reed, should also be
monitored in response to the increase of tidal exchange. The established reed fringing
the lagoons of Tryggelev Nor looked (from aerial photos) to be of patchy stands, well
broken by open water. It is inferred that they are in quite deep water, and so they would
not need active management to maintain the succession at present. Priority should be
given to monitoring the water depths in these stands, and the variation of water levels
through the year. Cutting could therefore be restricted to mowing avenues in suitable
stands to provide visitors to the hide with opportunities to see bitterns feeding (this
works well in front of Bittern Hide at Minsmere). There are five booming bitterns in 15
ha of reed. In Denmark, this is considered not unusual.
The visitor facilities at the site consist of: two hides, 5 km trails, two signs, leaflets. 7K
visitors in 1998, 20K hoped for in 2005. The site is managed by DOF. It is maintained by
one main volunteer and 8-10 volunteer work parties pa. Grazing livestock and

contractors are used for most of the habitat management.

Figs. 11-12. Tryggelev Nor shingle bank and main lagoons
Nørrebelle Nor is 70 ha of former pump-drained arable land flooded in Sept 2004 to
create 60 ha open water (mostly shallow with a deep central channel), reed fringe and
marginal grazing land (including `blue border’). This restoration scheme is linked to a
Danish programme of restoring former wetlands to reduce eutrophication in the Baltic.
The substrate of the site is clay. A 900mm ø pipe, with a dam to create a summer level
and a winter level, drains it. This dam allows a 0.2 – 0.3 m draw down during summer.
The pipe has a tidal flap to prevent incursion of brackish water from downstream. The
inlets are open drains spread across marginal land, where soil and sediment bacteria
absorb nitrates (the de-nitrification processes releasing atmospheric nitrogen). It is
accepted that the water will have a high trophic state, especially to begin with when relic
nutrients from the arable soils are released. Blooms of blanket weed were conspicuous
in the shallow margins of the lake during our visit.
There are two main sections: the first is to be kept as open water up to two metres deep
with a grazed reed fringe and flood meadow; the second, a shallower area 0.3 – 1 metre
deep at the southern end of the lake, will develop as a reedbed. Existing areas of reed are
limited and several have died back due to the flooding. It will be interesting to see how
the reed responds to the flooding and grazing pressures by livestock and greylag geese.
Planning regulations set the winter and summer minimum and maximum water levels.
More reed could be created if the water levels were lower over more extensive areas.
Edible frogs have colonised the whole lake perimeter and fish are already present. 20+
pairs of red-necked grebes are present, with several already nesting around the margins.
Coot, great crested grebe, mallard, gadwall, shoveler, and garganey present.
Two nesting islands were engineered prior to flooding, the island design based on
examples from Titchwell and Minsmere. Islands close to shore, separated by shallow
water to permit cattle access in summer. Islands shaped to follow natural contours. DOF
would have liked more, and will monitor their success to promote nesting islands in
future schemes. There were nesting lapwing and four avocet nests on the breeding

islands. The islands can be maintained by allowing cattle to graze them, supported by
mowing if required. The island in the area designated as reedbed can be maintained for
breeding waders until the reed takes over.
A car park, information board, and four km of visitor paths (including a board walk
across the lake) have been created. The site cost 560,000 Euros for compensation for the
18 farmers who owned the land in 2002, 250,000 Euros for purchase and 100,000 Euros
for establishment costs. The future development of the site will be fascinating to
monitor as a relatively naturally functioning, low-input, large wetland creation project.

Figs. 13-14. Nørrebelle Nor

4.5. Vejlerne, Jutland
This is one of the key wetland sites in Denmark, with the majority of the Country’s
breeding bittern population and the second highest population of breeding waders. The
reserve covers 6,000ha, of which approximately 2,000 ha is reedbed, 2,000 ha open water
and 2,000 ha alkaline coastal wet meadows. The site formally comprised two large inlets
to the Limfjord. These were embanked to allow drainage. The soils are largely sandy,
but there is a high silt content on the western side of the former inlets (a consequence of
the prevailing westerly wind). English engineers purchased the land in the 19th
Century. It was successfully drained for cultivation, but in the early 20th Century the
economic situation changed and the English company sold the land in 1912. The land
was then managed more extensively for grazing & reed cutting and water levels were
raised. The site was declared a nature reserve in the 1970's. A Government field
research station was operated until 2002, with water levels and bird numbers surveyed
every five days. The site was sold in 1992 to the Aage V. Jensen Charity Foundation.
One of the most productive areas for waders is the 500 ha wet meadow south of the
Krap ditch. This land was extensively flooded when we visited in late May, with a
target of 25% surface flooding at a depth of less than 20cm (see Fig. 16). Previously the

management had involved achieving this target for 1 Apr and then allowing water
levels to draw down through the spring, but now water is held at target levels until June
(with input from a freshwater canal) and this is considered much better for waders.
The management aims for brackish water on the wet meadows with optimal salinities
between two - three and 10-15ppt. The average salinity was about two ppt across the
majority of the site with six – ten ppt on the western side of the meadow close to an
outfall sluice. This is to maintain low roach populations and to reduce predation on
Daphnia and other invertebrates by the fish. Sticklebacks and Daphnia are considered a
very important food supply for birds in the wet meadows. Some perch are also present
in the wet meadow system. The large area of the wetland is considered sufficient to
reduce the nutrient input from agricultural runoff from surrounding farmland (which
includes many new pig rearing units).
The wet meadows are grazed by young dairy cattle, which are turned out at the end of
May. The sward looked very short, but the grazing pressure is only equivalent to
approximately one cow/ha dry land. Grass growth is suppressed in spring by the cold
Atlantic climate. The cattle leave at the end of September. Cattle weight gain is thought
to be significant approximately 500g/day (but some are pregnant) - cf. mean 200g/day at
other sites. Increasing numbers of greylag geese are also controlling grass growth.
15,000 pink-footed geese roost at the site during March to early May, feeding on
neighbouring farmland, together with a few 100 bean geese and more recently a few
barnacle geese. There was no access during the visit onto the grassland itself, so we
were unable to determine the predominant grass or sedge species, but there was a clear
absence of rushes across the site. The salinity was considered to control rush and
Deschampsia growth.

Fig. 15. Wet meadows, Vejlerne. The image includes a grazing exclosure, which is
dominated by common reed.

The meadow is bisected by numerous foot drains running northwest – south east, at
approximately five metre intervals. These foot drains were dug during the drainage
operation in the 18th century and have had no recent management. The area has not
been mown in recent years but common reed is thought to be invading some areas of the
wet meadow and late summer mowing is proposed to control this growth. Cattle are
thought to graze emerging reed in May (very nutritious at this stage), but not later in the
season when the lignin content has increased. Red deer are present, but do not graze
reed. Whooper swans graze the reed & rhizomes, but mute swans do not.
The meadows support significant populations of nesting waders (see Table 3), including
avocet and support breeding Arctic tern. The densities of nesting lapwing (50 prs/
sq.km) and redshank (80 prs/sq.km in the main area) are particularly high (cf. Table 2).
There was some speculation that ruff and dunlin do not favour the higher salinities.
Ruff numbers are declining (in line with the rest of Denmark). They prefer MG11/13
meadows with some surface flooding, but adjacent tussock grasslands to nest. Some
areas at other sites are fenced for late grazing & cutting to provide habitat for nesting
ruff. Hay meadows also provide good habitat. Waders are censused using a field
walking method in mid-May (for lapwing, avocet and black-tailed godwit), with a
second visit around the 10 June (for ruff, redshank and dunlin). The ruff population
refers to the number of female ruff mobbing the recorder (i.e. birds with young), which
is recorded as a confirmed nesting attempt. There are very few nesting snipe. It is
believed that this species prefers freshwater & oligotrophic conditions. It is also
considered that snipe are more tolerant of scrub, with up to 75% willow cover at some
nesting sites in Denmark.
The transition habitats (Fig. 17) between the wet meadows and reedbeds provide good
habitat for breeding spotted crake, wildfowl, black tern etc. An example of this was seen
in the north-west corner of the reedbed north of the Krap dyke. Here there is a very
wide and shallow Blue Border, where open water recedes 50% in extent during dry
summers, providing an extensive muddy margin. This area has been traditionally
grazed in summer and the blue zone was created when water levels were raised by 40
cm over the reedbed area. Spotted crake favour Schoenoplectus dominated shallow
margins and meadows with low grazing pressure (<1 cow (young animal)/2 ha).
Shallow flooding across these areas (2 – 15 cm) is aimed for.

Table 3. Key bird species at Vejlerne
Species
Breeding:
Bittern (boomers)
Greylag goose
Garganey
Spotted crake (singing
males)
Crane (prs)
Avocet
Lapwing
Ruff
Dunlin
Black-tailed godwit
Redshank (prs)
Black tern (prs)
Penduline tit (prs)
Wintering/passage:
Bean goose
Pink-footed goose

Estimated nos
165

Trend
Stable overall (with periodic
fluctuations)

1400 prs
30 – 40 drakes
20 – 80
3 prs
200 prs
1000 prs

Fluctuating annually – only four by late
May in 2005
Increasing
Fluctuating – up to 600 prs

Fluctuating between 0 – 80 prs in recent
years, but declining overall
25 – 65 prs Declining
135 prs
110 prs in 500 ha south of Krap dyke
400 prs
In 500 ha south of Krap dyke
25 – 30 nests Increasing
?
Breeds in small numbers in some years
10 - 12 prs

100’s
15,000

Spring passage

Commercial reed cutting, one of the main land uses following the demise of cultivation,
has been stopped within the reserve. Research has shown that reed stands ten years old
are best for greylag & possibly bittern. Water levels were raised by 40cm over 600ha of
reedbed north of the Krap dyke in 1995 to prevent succession (Fig. 18). Cattle no longer
graze within this area, but a heavy duty Seiga machine (from Lake Hornborga) has been
used to control reed by breaking up plants with the machine’s wheels and creating open
water. Another area has been cut annually for the last three years in July to provide
open habitat (Fig. 19). The water in the reedbed is fresh (salinity <0.5ppt) and not
particularly eutrophic.

Figs. 16 & 17. The meadows in the left-hand photograph Meadows supporting breeding
spotted crake and black-tailed godwits at Vejlerne and transitional Blue Border habitat.
The right-hand photograph shows Krap dyke and reedbeds to the north – Vejlerne.

Figs. 18-19. Managed reedbed and reedbed invaded by willow scrub (breeding habitat
for penduline tit)

Fig. 20. Bittern census map 2005, Vejlerne

The site supported three booming bittern in the 1970's, which has increased to a peak of
222 in 2002. Numbers fluctuate due to a variety of factors including fox predation and
cold winters, with 165 boomers in 2005. The 600 ha reedbed north of the Krap dyke
(where water levels have been raised) supports between 50 - 100 boomers (63 boomers in
2005 – Fig. 21). Fish and eels are not considered important food for bitterns, with the
birds considered to feed primarily on invertebrates, sticklebacks & amphibians. The
area of raised water levels has also been colonised by nesting common crane and little
gull and supports the black tern colonies (which have increased since water levels were
raised). Penduline tits breed in willow scrub within the reedbed (Fig. 20), but are
intermittent and do not have established populations at the site.
Hunting was prohibited within the reserve from 1966, with populations of fox and
American mink increasing after this time. Fox and mink control have recently been
introduced. There has been an increase in breeding black tern numbers since mink

control was introduced.
The site receives 100,000 visitors pa. There is considerable remote monitoring of visitor
numbers (for example, it has been established that 40% of the visitors use the toilets!).
The public are directed to viewing sites from hides, boardwalks and viewing platforms,
largely around the perimeter of the site, with the core areas completely undisturbed.

5. Breeding cranes
Numbers of breeding cranes have increased greatly at both Lakes Tåkern and
Hornborga and they have colonised Vejlerne. The cranes usually nest in flattened areas
of reed, often, but not apparently always near to open water. They feed in a variety of
wetland habitats and in nearby woodland where they take berries. Adults take their
chicks back to the nest to roost each day, and so are dependent on suitable chick feeding
areas within the distance that broods can range from the nest each day (within ca 2 km
of the nest site). At Lake Hornborga cranes are thought to feed mainly on Chironomid
larvae, although this appeared to be based mainly on supposition (but Chironomids are
super-abundant there!). They are sensitive to disturbance when settling to nest, but are
relatively tolerant of disturbance once tall vegetation has grown up around the nest. One
nest at Lake Hornborga was ca 200 m from the main visit area.

6. Implications for management of wetlands in the UK
It was clear from the visit that the grazed margins of reedbeds are the most productive
areas for birds in shallow lake wetlands in Sweden and Denmark. The extent to which
the Blue Border itself provided suitable habitat for priority reedbed birds in the UK
(bittern and bearded tit) was less clear. We were told in Sweden that the Blue Border did
not support fish of a suitable size for bitterns and that amphibians (common Rana
temporaria and moor frogs R. arvalis and common toads Bufo bufo) are only present in
during their brief period of spawning. In Denmark, where green frogs occur, these are
present throughout the summer in Blue Borders. The areas of fen and swamp created
using Blue Border management were suitable for breeding spotted crakes and, in
Sweden supported reasonable densities of breeding snipe. The Blue Border is potentially
an important nursery area for fish, and so may help increase fish biomass within the
wetland as a whole.
The presence of relatively high densities of breeding snipe in or adjacent to the Blue
Border at Lake Tåkern was probably to some extent due to the unimproved nature of

these grasslands, and possibly to their high pH. Unimproved wet meadows on suitable
soils in the UK just appear more suitable for breeding snipe (eg Lower Derwent Valley
and West Sedgemoor) compared to agriculturally improved fields where water levels
have been raised. The high pH of the grassland at Lake Tåkern is likely to mean that its
earthworm biomass is higher than at similarly wet acidic (and possibly neutral)
grasslands. However, it was clear that breeding snipe were centred around very wet,
swampy areas. Do we concentrate too much on trying to provide suitable grassland for
breeding snipe in the UK, rather than creating wetter, swampy habitats, especially those
dominated by Glyceria maxima? The two most important sites for breeding snipe in the
lowlands of England, the Nene and Ouse Washes, are both very wet and consist largely
of Glyceria maxima swamp (not grassland) vegetation.
The main advantage of ‘Blue Border’ management is that it is a low-cost method of
maintaining a range of wetland habitats on close proximity: reedbed, open water,
fen/swamp & grassland. The only active management that the system requires is
summer grazing by modern breeds of commercial cattle. In areas with old and dense
reedbed some initial clearing of reed is needed to make the cattle graze the reed in the
Blue Border zone. Alternatively grazing from mid April in the first season can also make
the cattle graze the reedbed and thereby speed up the conversion from dense reedbed to
open Blue Border zone. No especially hardy breeds of stock are required, particularly
since much of the grazing of the Blue Border takes place in only very shallow water or
when the ground is immersed as water levels fall. These transitional areas are very
attractive to nesting wildfowl, including garganey and spotted crake.
A further potential advantage of Blue Border management is that it relies on a fairly
large summer drawdown. The width of the Blue Border will depend on the slope of the
land, the depth of water that grazing animals will enter and the extent of the summer
drawdown. For a given slope and depth of water that grazing animals will enter, the
width of the Blue Border will vary as shown in Fig. 22. This shows that if the summer
drawdown is too great, then there will be no reedbed and hence no sheltered Blue
Border zone to the landward side of it.
At Lake Tåkern the depth of the drawdown is typically of 0.45 m between April and
September. The water depth of summer drawdown in reedbeds in southern England
without an external water supply is similar to this. Therefore, if sites in the UK were
managed using the same level of summer drawdown as at Lake Tåkern, then they
would require no external water supply in summer. Predicted future climate scenarios
suggest that there will be increased summer drought in much of England i.e. a greater
summer drawdown. Therefore, Blue Border management might be an efficient, low-cost
method of maintaining reedbeds and other wetland habitats in the future, without the
need to store winter rainfall to use to maintain more stable water levels.

Most existing wetlands are unlikely to have a gradient suitable for development of a
suitably wide area of Blue Border. Furthermore, maintenance of their existing SSSI
interest will in many cases be dependent on continuation of variations on an existing
management regime (for example maintenance of less widely fluctuating water levels).
Gradients suitable for the creation of a Blue Border could, though, be engineered at
creation sites. It would be sensible to design these slopes so that temporary pools are left
in the grassland as water levels fall (see Fig. 7). The re-profiling operation would be
costly, but potentially less so than building a winter storage reservoir (or one with such
a large capacity) and then managing reedbed manually thereafter. Alternatively, the
(relatively few?) potential areas with suitable topography could be targeted for
acquisition i.e. drained former shallow lakes in the Fens or elsewhere. The creation of
Blue Borders in areas of the country supporting introduced populations of marsh frogs
(e.g. Dungeness) should be considered.
The major practical concern with Blue Border management is that on agriculturally
improved land at least the higher areas of it might become dominated by soft rush. The
fact that Blue Border management relies on a substantial drawdown will, though, mean
that it should be possible to stress and manage rush in this zone during the latter part of
the summer. This is likely to remain an issue at some sites, though. On areas with a
brackish influence, grazing of reed is likely to result in sea club-rush becoming
dominant in areas of the grazed Blue Border that are not too dry or too heavily flooded
for it.
The experience from Vejlerne would also suggest that maintaining significant surface
flooding on non-peat wet grassland sites (with a target of 25% surface flooding
maintained into June) may significantly benefit breeding wader populations. Again,
invasion by Juncus species could be a significant longer-term problem on sites in the UK
emulating this management prescription.

Fig. 21. Variation in width of the Blue Border in relation to the depth of summer
drawdown
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