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Deep Learning  
assists detection  
of mussel reefs in 

Roskilde Fjord

We combine underwater video recordings  
with deep learning techniques to assist the  

detection of potential blue mussel  
reefs in Roskilde Fjord.

By

Xinyu Liu, Lydia Ness, Michelle Melin, Jon C. Svendsen, DTU Aqua
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PROTECTION OF BLUE MUSSEL REEFS, 
TERMED BIOGENIC REEFS, OFTEN  
REQUIRES DETECTING AND MAPPING  
THE REEFS
Blue mussel (Mytilus edulis, henceforth called  
mussel) is a species of bivalve and has a two- 
part hinged shell with a soft-bodied inside.  
Reefs consisting of mussels are listed as 
“biogenic reefs” in the Habitat Directive of the 
European Union (EU). Studies have indicated  
that mussel reefs may improve the water  
quality and protect shorelines (Commito et al. 
2008, Nielsen et al. 2019, Heckwolf et al. 2020,  
Lefcheck et al. 2019). Additionally, mussel  
reefs may function as habitats for a range of  
invertebrates and fish (Koivisto & Westerbom  
2010, Commito et al. 2018, Lefcheck et al. 2019,  
Schwartzbach et al. 2020). However, mussel 
reefs are among some of the most threatened  
marine habitats, largely due to climate change  
and prolonged human activities (Airoldi et 
al. 2008). To protect existing mussel reefs, it  

is necessary to firstly detect mussel areas, and  
secondly map the mussel areas, to confirm  
that they form a mussel reef.

FINDING MUSSEL REEFS  
IN ROSKILDE FJORD
Roskilde Fjord extends about 40 km into the  
Sjælland landscape from the narrow outlet  
and is home to rich flora and fauna. 

From February to April 2022, we used ROV 
(Remotely Operated Vehicle) techniques to 
film the seabed to locate and possibly map 
potential mussel reefs in Roskilde Fjord. The 
project benefited greatly from assistance by  
local volunteer fishermen. During the field-
work, a total of 61 videos of the seabed were  
collected in the Roskilde Fjord. 

The videos were used to start investigating if  
mussel reefs are present in the Roskilde Fjord,  
according to the blue mussel reef identifica- 
tion criteria (Dahl & Petersen, 2018). Identifi- 
cation criteria include the following:  

”Mussel reefs often filter the water for organic contents  
and provide various habitats for a range of species.”

The seabed coverage by mussels is at least 
30 %, and the area of the seabed with mussels  
covers at least 2500 m2. Reef identification  
may be considered repetitive and time-con- 
suming, and we, therefore, wondered if deep  
learning techniques may be used to improve 
efficiency.

ARTIFICIAL NEURAL NETWORK AND YOLO  
(YOU ONLY LOOK ONCE) ALGORITHM
In deep learning, artificial neural networks are  
usually trained to solve problems with algo-
rithms. To automatically detect mussels from  
the available video, an artificial neural network  
and YOLO algorithm may be applied (Redmon  
et al. 2016).

The artificial neural network generates a pro- 
bability to distinguish categories of images. 
For example, the input could be a picture of  
an animal which may be a wolf or a dog. When  
using the artificial neural network, it may 
calculate that the probabilities of the animal  
being a wolf or a dog are 30 % and 70 %, re- 
spectively. Therefore, the most likely result is  
a dog, and the network outputs that “The  
picture shows a dog.”

When there are multi-objects in a single pic- 
ture, including for example mussels and star-

fishes, with the YOLO algorithm, the network  
partitions the 2D image into small squares  
and uses bounding box to cover some squares. 
Then the network assesses whether the  
squares in one bounding box contain part of  
a mussel or a starfish. Finally, it keeps the  
bounding box covering the object in the image. 

However, it is hard for the network to mark  
complete objects precisely. The reason is that  
the features of objects in some squares are  
not obvious for the network to identify, and 
the boundaries of objects may be complex  
curves which are difficult to divide by straight 
lines.

Figure 1: Conceptual figure showing that mussel reefs often filter the water for organic contents and provide various 
habitats for a range of species. Picture: Xinyu Liu.

Figure 2: The location of Roskilde Fjord, situated in 
Northern Sjælland in Denmark. Picture: Xinyu Liu.

Figure 3: Picture of ROV (Remotely Operated Vehicle) used for filming the seabed in the Roskilde Fjord. Photo: Michelle Melin.
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In the present study, YOLO is modified to not  
just recognize the mussels from an image 
containing various objects but also roughly 
estimate the seabed coverage by mussels in  
images. As shown in figure 5, potential mussel  
regions are labelled with yellow rectangles.  
The value in the yellow background is the  
probability that the objects in yellow rec- 
tangles are mussels. The white value is the  
seabed coverage by the mussels in this image. 

Figure 4: Multi objects classification by YOLO algorithm. Mussels and starfishes are distinguished as much as possible 
by green and red rectangles, respectively. Picture: Xinyu Liu.

MUSSEL DETECTION IN ROV VIDEOS
One ROV video is composed of many frames.  
One frame is one image. The network detec- 
ted mussels and estimated the seabed 
coverage in the frames, one by one. Finally,  
the network outputs a graph showing the  
seabed coverage by mussels across time  
when the frame includes mussels. This is  
expected to support future mapping projects  
by uncovering the distribution of the mussels  
on the seabed according to the recorded  
frames.

Figure 6 shows an example output from one  
video. The graph illustrates the seabed cove- 
rage by mussels in each minute. It can be seen  
from Figure 6 that the mussels concentrate  
from minute 5 to minute 17 in the video, and  
the mean seabed coverage often exceeds  
30 % mussel. The findings indicate that  

Figure 5: The mussels are labelled with yellow rectangles 
in the picture. Mussels’ coverage in the yellow rectangle 
is estimated to be approximately 92 % of the seabed. 
Picture: Xinyu Liu.

Figure 6: The output of an ROV video analyzed using 
deep learning. In the graph, the X-axis indicates minutes, 
and the Y-axis represents the mean mussel coverage on 
the recorded seabed. Each bar (green or red) represents 
a period of one minute, covering a total of approximately 
2000 included frames from the ROV recordings. Picture: 
Xinyu Liu.

”We used ROV (Remotely Operated Vehicle) techniques  
to film the seabed to locate and possibly map  

potential mussel reefs in Roskilde Fjord.”

”Although method improvements are warranted,  
we believe our method may enable faster mussel detection  

and possible identification of mussel reefs.”

during this particular recording period, the ROV  
may have been filming parts of a mussel reef.

Our study explores a mussel reef identifica- 
tion method based on deep learning using 
numerous underwater videos. Currently, it 
remains challenging to precisely detect all 
mussels in a complex seabed setting. The 
network’s accuracy is around 60 % which may  
be improved by future research. Nevertheless,  
the method is now providing estimated 
recording periods when mussel reefs may 
exist. Moreover, the method enables filtering 
of videos without mussels. Although method 
improvements are warranted, we believe our 
method may enable faster mussel detection 
and possible identification of mussel reefs.
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Er du ikke allerede medlem af Dansk Zoologisk Selskab,  så er 
det meget let at blive det. 

Og så koster det blot 100 kr om året i kontingent! Med et 
medlemskab støtter du aktivt op om foreningens arbejde 
for et stærkt dansk engagement i bevarelsen af vilde dyr og 
deres levesteder.

FAGMEDLEM ELLER STØTTEMEDLEM?

Du kan vælge mellem vores to typer medlemskab: fagmedlem eller støtte-
medlem. Fagmedlem er dig, som har en baggrund eller viden inden for vilde dyr,  
biodiversitet og/eller naturbevarelse, hvor støttemedlem er dig, der blot ønsker at 
støtte op om vores arbejde. 

Derudover har du valget mellem at betale et årligt kontigent på 100 kr for et  
almindelig kontingent eller 250 kr (eller valgfrit derover) for et PLUS kontingent. 
For studerende er kontingentet kun 50 kr.

Som medlem kan du være med til at forme foreningens arbejde. Du er altid velkom-
men til at deltage i vores møder, bidrage med kompetencer inden for fundraising, 
regnskab, IT eller hvad du nu er god til, komme med gode idéer til arrangementer  
og bistå i planlægningen heraf, og skrive indlæg og artikler til hjemmesiden, 
vores Facebook-gruppe og ikke mindst Habitat. 

Send os en mail til info@dzs.dk, hvis du ønsker at deltage mere aktivt i vores  
arbejde. Vi hører meget gerne fra dig! Også hvis du har ris og ros.

Med et medlemskab vil du være den første til at modtage Habitat i din indbakke, 
når det udkommer (to gange årligt). Desuden bliver du inviteret til vores arrange-
menter til fordelagtige priser. Ikke mindst, så vil du som medlem bakke op om et 
arbejde, som vi i Dansk Zoologisk Selskab mener er helt essentielt - bevarelsen af 
en vild natur og dens dyr. Jo flere vi er, jo stærkere står vi også, når vi søger fonde 
om midler til vores projekter.

DANSK ZOOLOGISK SELSKAB

DANSK ZOOLOGISK SELSKAB

SÅDAN GØR DU

1)	 Gå ind på www.dzs.dk/medlem

2)	 Indbetal det årlige kontingent, vælg mellem 
	 MobilePay (19303) eller overførsel til vores konto  
	 Danske Bank (0260 - 3123241312)

3) 	 Udfyld medlemsformularen med dine oplysninger  
	 (email, navn, adresse, medlemstype mm.)

Du vil snarest herefter modtage en velkomst-pakke med nogle  
af vores flotte gadgets

SÅDAN BLIVER  
DU MEDLIEM
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LÆS
ELLER 
GENLÆS

Igennem alle de år, vi har udgivet Habitat, har vi skrevet om  
en lang række dyr og naturområder fra store dele af verden  
samt forskellige temaer. På vores hjemmeside dzs.dk finder  
du alle numrene af Habitat (https://dzs.dk/category/habitat/). 

 
Her er en oversigt over artikler om hav-emner i tidligere  
numre af Habitat – i alt 57 artikler. 

Fortsat god læselyst!

Af Lotte Endsleff
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