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

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
Sjeelland 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:

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.
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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-

Figure 3: Picture of ROV (Remotely Operated Vehicle) used for filming the seabed in the Roskilde Fjord. Photo: Michelle Melin.
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Figure 2: The location of Roskilde Fjord, situated in
Northern Sjeelland in Denmark. Picture: Xinyu Liu.

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.
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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.

We used ROV (Remotely Operated Vehicle) techniques
to film the seabed to locate and possibly map
potential mussel reefs in Roskilde Fjord.”
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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.

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
/s estimated to be approximately 92 % of the seabed.
Picture: Xinyu Liu.

Although method improvements are warranted,
we believe our method may enable faster mussel detection
and possible identification of mussel reefs.”
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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
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