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Where are we?



Land reclamations in Denmark



Aage V. Jensens Naturfond

Purchased 616 ha at Gyldensteen strand in 2011



Aage V. Jensens Naturfond

The plan:

- 214 ha turned into a coastal lagoon after
breaching dikes

- 144 ha turned into a freshwater lake (Engsøen)

The first large-scale managed realignment in Denmark

A sanctuary for birds and a recreational paradise for visitors

The construction work was finished in March 2014 



Gyldensteen Strand in 1780
Before reclamation



Gyldensteen Strand in 1870
After reclamation



Gyldensteen Strand in 2014
After managed realignment



Gyldensteen Strand
March 2014



Gyldensteen Strand
May 2015



Chemical surveys

1. Soil development (SDU)
a) CO2 balance
b) Nutrient balance

2. Water dynamics (SDU)
a) Water exchange
b) Transport of nutrients
c) Transport of particles



Biological surveys

3. Development of flora and fauna (SDU)
a) Benthic algae
b) Seagrasses
c) Animals on the seabed
d) Animals in the seabed

4. Bird counting (DOF, DN)

5. Fish survey
a) Fish stocks (started in 2017)



What did we expect?



Ecological quality

Bad

Good

Rapid release of soil
nutrients

Algal blooms and fauna death

Time after flooding

Slow release of soil
nutrients

Stable development of flora and fauna



Bladderwrack

Green nori

Sea lettuce

Seagrass (Ruppia) Seagrass (Zostera)

Flora



Clams

Mudsnails Cockles Sulfur worm

Lugworm

Nereidids

Periwinkles

Fauna



What did we find?



CO2 balance – climate perspective

Nutrients in soil and water



Stations for sampling after flooding

West

East

Outer



Measurement of CO2 release before flooding

September 2013



Measurement of CO2 release after flooding

May 2016



Soil characteristics – air exposed

- Soil often contains oxygen 
deep down (dm-scale)

- Oxygen is transported 10.000 
times faster in soil pores filled
with air compared with water

- Decomposers operate up to 
10 times faster with than
without oxygen

O2



Oxygen saturated water only contains 3% 
of the oxygen present in air

O2

Oxygen penetrates only 2-3 mm into
flooded soils

Anaerobic degradation (sulfate reduction) 
is very slow

Soil characteristics - flooded



CO2 emission in Sept 2013 and 2014



CO2 emission before and after flooding

Dark release of CO2 from the 214 ha was before flooding ~12.300 
ton per year and ~3.200 ton per year after flooding

After correcting for differences in primary production, the 
sequestering of CO2 is now ~7.600 ton per year



N and P nutrients in water



N and P nutrients in water

Model calculations show 
tidal export of nutrients:

2014 2016

TN: 68 10

TP: 15 6

ton per year

Soil pools show loss
of nutrients:

2013-2016

TN: 144

TP: 25

ton per 3 years



Flora



Flora development

East, September 2013



The first arrivers were cyanobacteria

East, May 2014



The first arrivers were cyanobacteria

East, May 2014



Then green algae arrived here and there

East, June-July 2014



Green algal bloom in summer 2014
most in east

East, August-September 2014



Green algal bloom in summer 2014
less in west

West, August-September 2014



Almost no growth in summer 2015

East, August 2015



Almost no growth in summer 2016

East, August 2016



East, August 2016

Cyanobacteria in summer 2016 and 2017



Cyanobacteria in summer 2016 and 2017

East, August 2017



Flora development, 2014-17



The algal blooms in 2014 were caused by nutrient
release from fertilized soils

The lack of macroalgae from 2015 to 2017 was
caused by general nutrient limitation

The blooms of cyanobacteria in 2016 and 2017 
were caused by DIN exhaustion and DIP release

from soils

Conclusions based on flora



Fauna



Fauna development
Mobile animals arrived quickly

June 2014

Shrimp Stickleback

Goby



Fauna development
Then burying animals arrived

July 2014

Bivalve siphonsTubes of Polydora

Nereis faeces Lugworm faeces



Development of benthic fauna in 2014-17



Blue mussels (Mytilus edulis) spread in 
2016-2017



Distribution of blue mussels in fall 2017



Species richness of benthic fauna, 2014-17

Many species arrived early, but disappeared equally fast 
again. A new equilibrium seems to be approached in 2017
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Invasion with bivalves in 2014 was due to a 
successful invasion with pelagic larvae. This was
prevented later due to grazing from the massive 

invasion of Nereis diversicolor.

The arrival of Nereis succinea in 2016 is caused by 
the spreading of blue mussels (Mytilus edulis)

The arrival of common eider in 2017 was linked to 
the increasing presence of blue mussels

Conclusions based on fauna



What about the future?

The ecological development will be followed in the 
years to come – and at least to 2022

The results will be published continuously to inform
the general public and the scientific community

The obtained knowledge can be extrapolated to 
other areas newly flooded by seawater, and thus

provide inspiration to managers fighting
consequences of sea level rise


