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The restored reefs were monitored using 
remote underwater video systems, 

a non-invasive method to survey 
biodiversity and the abundance of 

marine organisms.

Geogenic Reef Ecosystems 

When we think of healthy and thriving 
marine communities, we tend to 
envisage colourful coral-rich reefs 
teeming with shoals of fish and sea 
creatures. Geogenic reefs – their 
non-biological counterparts – play 
an equally important role in marine 
ecosystems but are considerably 
less well-known and understood. 
Made up of boulders or smaller rocks 
protruding from an otherwise smooth, 
soft-substrate seafloor, geogenic reefs 
provide an important hard surface for 
the initial settling of algae and larvae 
that would otherwise be carried past by 
water currents. 

The settlement and growth of algae 
and sessile immobile creatures such 
as bivalve molluscs provide a source of 
food which attracts fish and other sea 
creatures. Structures in and around the 
rocks such as holes, ledges and crevices 
provide shelter in which numerous 
mobile marine creatures and fishes 
may flourish and grow. This attracts 
larger predators from afar, and thus, a 
functioning geogenic reef ecosystem is 
born.

The Baltic Sea

Formed by glacial erosion over the past 
few ice ages, one of the world’s largest 
inland brackish seas – the Baltic Sea – 

is a north-eastern arm of the Atlantic 
Ocean bordered by nine countries. 
Acting almost as one large estuary for 
the many rivers flowing into it, the Baltic 
Sea varies greatly in levels of salinity 
across the basin and consequently, 
the richness of species found within 
it also varies. Despite nearly a quarter 
of the seabed being a ‘dead zone’, 
the Baltic Sea is home to a mixture of 
both freshwater and marine species, 
including species with high commercial 
value such as cod, sprat, herring and 
salmon. 

The human-led degradation of the 
sea’s coastal environments has been 
driven by overfishing, eutrophication 
(in which agricultural runoff increases 
the nutrient load of the water), and the 
removal of rocks from the seabed for 
use as construction materials. On top of 
this, the Bornholm Basin in the southern 
Baltic Sea served as a dumping ground 
for chemical weapons after World War 
2, although the biological effects of 
releasing more than 10,000 tons of 
highly toxic agents into the Baltic Sea 
waters remain largely unknown.   

A Rocky Road to Recovery

The Flensborg Fjord in the southwestern 
Baltic Sea is situated east of the Danish/
German land border, and was the 
focus for Dr Tim Wilms of the Technical 
University of Denmark and his team 

in a recent study. This region has 
been subjected to huge levels of rock 
extraction for construction materials, 
with over 10,000 acres of geogenic reef 
being removed from Danish waters 
alone over the 20th century. 

Like the rest of the Baltic Sea, this 
region is home to important predatory 
Baltic cod (Gadus morhua). This 
species utilises rocky reef environments 
throughout the lifecycle, not only to find 
prey items but also as a shelter from 
larger predators such as seals. Similar 
to other areas, cod stocks have faced 
the detrimental effects of overfishing, 
and in the case of the Baltic cod, 
this eventually lead to a population 
collapse. Despite the prohibition of rock 
extraction from Danish waters in 2010, 
the previous permanent removal of 
important hard substrate for habitats 
has rendered the ecosystems in the area 
unable to recover fully without positive 
human input.

Dr Wilms and his team wanted to test 
whether recreating lost habitats would 
allow for the successful regeneration 
of these degraded ecosystems, and 
if this method could be one piece in 
the puzzle trying to recover Baltic cod 
populations.

RECREATING ROCKY REEFS TO RESTORE 
MARINE POPULATIONS
Much research has focused on Single Large or Several Small (‘SLOSS’) habitats for the preservation 
and restoration of biodiversity. Many studies have been carried out in terrestrial environments but far 
fewer have looked at marine systems. However, it is unwise to make conclusions about the marine 
environment based on studies carried out on land. Together with 
colleagues, Dr Tim Wilms from the Technical University of Denmark is 
recreating lost rocky reef habitats and surveying these sites to see how 
they impact the return of vital marine species to the area.  
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Addressing a Longstanding Debate

A longstanding debate in conservation biology is on the 
importance of Single Large or Several Small (SLOSS) habitats 
for ecosystem restoration. The majority of SLOSS studies 
examining marine environments have shown that Several Small 
habitats have greater benefits than a Single Large habitat, 
despite the responses of interest differing between studies. 

In a marine setting, geogenic or boulder reefs are an ideal 
habitat to examine the importance of SLOSS for restoration 
ecology due to their relative isolation from other habitats 
and the possibility to manipulate their spatial arrangement. 
Studying boulder reefs also provides important ecological data 
input that can be taken into consideration in the construction 
of new hard coastal management schemes such as sea walls 
and other ecological engineering schemes. 

Reef Restoration 

Dr Wilms and his team selected a soft-bottomed sandy area as 
their study site, a region historically featuring geogenic reefs. A 
before-after control-impact sampling methodology was carried 
out across six well-spaced sample sites of equal area and water 
depth.

During pre-restoration sampling, all six sites were surveyed 
daily by the deployment of 3–4 remote underwater video 
systems per site that were set to record for 2 minutes per hour. 
Video footage recorded the presence of any marine species in 
the frame, and a side scanner was used to scan the sea floor for 
the desired substrate (i.e., sandy bottom). 

Using rocks taken from a Norwegian quarry, reef restoration 
was carried out on four of the sites, leading to two sites 
containing a Single Large reef, two sites containing 16 Several 
Small reefs in a 4x4 configuration (of the same rock diameter 
and volume as the Single Large reef), and two sites remaining 
as control sites. Surveying was then carried out again across all 
six sites 6 months post-restoration. 

What Fish Did They Find?

The relative abundance of each species was measured by 
analyzing each video frame and counting the maximum 
number of obvious individuals, both mobile pelagic (found 
within the water column) species such as herring or cod 
and slow-moving benthic (ground-dwelling) species such as 
starfish. Numbers of individuals were counted per frame to 
prevent double counting and identified to the lowest possible 
taxonomic category. Due to the lack of a downward-facing 
camera, sessile (immobile) species were excluded from the 
specific species count, but the total proportion of vegetation or 
boulder cover was estimated by what was visible within each 
video frame. 

Oh My Cod, That’s Amazing!

In terms of species abundance, variations were found between 
Single Large and Several Small reefs. For example, sand gobies 
(Pomatoschistus sp.) were found in higher abundance at Several 
Small reefs. These soft-bottom species are often found in lesser 
numbers on large reef systems but were found to thrive in and 
around areas between patches of reef. 

Importantly, not just environmentally but also with positive 
commercial implications, cod numbers were found to have 
increased dramatically around the restored reef sites. Cod 
sightings increased on average by around 60 times more at 
Single Large reefs than at control sites, and a whopping 130 
times more than the control at Several Small reefs! The data 
also suggest a probability of nearly 99% of a positive restoration 
effect on cod abundance – an incredible improvement over 
such a short period since the reefs were constructed. 

And Now We Come to the Fin-ish

A revisit to the survey sites 3 years later found large numbers 
of juvenile cod sheltering within and feeding around the reef 
structures. The presence of juvenile fish suggests the successful 
establishment of a flourishing and productive ecosystem. 

The results from this survey are particularly encouraging in 
indicating that the restoration of geogenic reefs in areas where 
they have been depleted can have overwhelmingly positive 
impacts on the abundance of reef fishes found in an area, and 
the creation of a functioning ecosystem. Despite still not having 
an answer to the SLOSS debate, it is clear that both types of 
restoration methods have positive effects over time. 

While a positive response to reef restoration efforts was 
observed from the most prominent reef species in the area, 
Dr Wilms warns that this alone will not be sufficient to recover 
and maintain a healthy and thriving ecosystem unless we work 
alongside other measures to protect the environment from 
damaging activities such as overfishing and nutrient overload.

Dr Wilms and his team visited the study area in Flensborg Fjord 
on a daily basis to collect thousands of video clips. Left to right: 

Johan M. Sørensen, Dr Tim Wilms, Carl Baden.
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https://www.youtube.com/watch?v=Ha1dri4hGiI&ab_
channel=DTUAquaBroadcast (Credit: Florence Ghestem)

Dr Tim Wilms graduated from Utrecht University with a BS 
degree in Geological and Earth Sciences in 2010. After gaining 
a Master’s degree in Marine Biology from the University of 
Groningen, Dr Wilms progressed to complete a PhD in Marine 
Sciences in 2022 from the Technical University of Denmark. 
He now works as an applied marine ecologist working mainly 
with non-invasive monitoring methods and marine habitat 
restoration. Having conducted several reef restoration projects 
as part of his PhD, his interests as a postdoctoral researcher 
are now applying his knowledge of rocky reef systems to 
ecologically enhance artificial structures in the marine 
environment that utilise hard substrate to co-benefit human 
requirements alongside the natural marine environment. 
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