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Summary

The ambitions for large scale cultivation of seaweed has been gaining in popularity, good ecological
monitoring of these newly introduced habitats is necessary to assess the impact of these new habitats.
Naturally occurring seaweed habitats provide a nursery for juvenile fish and have a high biodiversity. It
is therefore expected that seaweed cultivation site will increase the local biodiversity. To be able to
monitor this baited camera systems were selected as a potential solution for mobile species. Monitoring
with a camera is the least intrusive method of monitoring and provided the additional advantage of
video footage or pictures, which can be used in presentation of public outreach campaigns. In this study
an infra-red camera was tested and compared with an action camera, using a baited camera setup. The
setup proved to attract both omnivorous as carnivorous fish. However the time of day in which the
monitoring was conducted proved important, in early afternoon recordings there is more activity
recorded than in the early evening. Also a difference in season was found, as expected November
showed different types of fish than July. Additionally the ability to taxonomically identify the fish was
studied by comparing the footage of the infra-red camera with footage of the action cams. The footage
of the infra-red camera was more difficult to identify fish on than the action camera’s. Additionally having
multiple camera’s aimed at the bait from different angles provides better identification options.
Identification proved to result in more difficulties, due to the nursery function of seaweed habitat most
fish found where in their juvenile stage. It is expected that having a seaweed cultivation system will
attract more biodiversity over time, a long scale monitoring over different seasons is therefore advised.
To provide a wider range of identification options, automated visual recognition should be considered
for future development.
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1 Introduction

Baited (remote) underwater video cameras are a common fish-surveying tool around the world. These
baited underwater video cameras use bait inside a mesh bag, which is attached to an arm in front of
the camera lens to attract fish in the vicinity, recording the species attracted to the bait or swimming
past the lens. The recorded footage is analysed in the laboratory, where species can be identified by
specialists and their relative abundance documented. Future developments will make this possible in
real-time settings (remote monitoring).

Biodiversity is an important measure for the health of an ecosystem and often regarded as a framework
for environmental policy. Seaweed and shellfish farming may enhance local biodiversity at a production
site as the growing seaweed thalli provide a versatile habitat and nursery ground for juvenile fish. On
the other hand, seaweed or shellfish farms can also facilitate the introduction of exotic invasive species.
As these introduced species may compete for resources with indigenous species, this could result in a
local decrease of biodiversity. It is necessary to quantify the biodiversity in seaweed and shellfish farms
in order to understand how they affect marine ecosystems. However, since traditional methods to
measure biodiversity are often complicated and labour-intensive, innovative and novel techniques are
needed to approach this question.

Video monitoring in marine environments provide excellent opportunities to conduct research in areas
difficult for divers to access and offers many advantages over traditional diver-based monitoring, such
as observations in sensitive areas or dangerous places, as this technique is harmless to fish and habitat
and diver. The restrictions on safety procedures for future multi-use aquaculture settings add an
additional complexity for application of monitoring. In addition a record of observations for future
reference and quality assurance can be created by using video monitoring techniques. Providing the
additional advantage of an easy exchange of visual information between researchers, stakeholders, and
the public.

This simple, but effective marine life monitoring technique requires inexpensive action cameras installed
to a simple and robust underwater housing, a steel frame that also holds a bait arm (Figure 1). Cameras
held in different positions on the steel frame pointing towards the bait allow for easy identification of
species, as well as allow precise length and biomass analysis of paired images. Lights can be added for
low light and night surveys. Similarly, infrared lights can be added to record species that normally avoid
bright visual light. The steel frame is attached to a rope and floating surface marker that allows for
retrieval.
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Figure 1 Steel frame (approximate length: 80 c, width: 47 cm, height: 40 cm, weight: 12 kg)
with a bait arm extending 35 cm towards the centre and a mesh bag attached to its tip (4), which
is targeted by 3 action cameras (1), infrared camera (2), and light source (3).

For fish, times of dawn and dusk are of great activity. As the sun rises during dawn, diurnal fish leave
deeper waters, where they often rest, to begin their feeding activities. Many seaweed species represent
a food source for primary consumers (McClelland & Valiela 1998) and at the same time offer protection
from predators and/or serve as a nursery (Lalli & Parson 1997). Nocturnal fish behave the opposite way
and return from their hunting grounds to deeper waters to wait out the upcoming day. In addition dawn
triggers spawning in many fish species, potentially lowering the risk of the eggs being eaten by other
species. At dusk the processes observable during dawn are reversed and diurnal fish move to deeper
waters or into dense vegetation for protection, while nocturnal fishes emerge. Therefore, it is advisable
to focus video monitoring on time windows during dawn and dusk, when greatest fish activity during
the day can be expected.

Furthermore, most fishes exhibit a seasonal cycle in their reproduction. Different fishes spawn during
specified periods of the year, which coincides with several environmental factors of which photoperiod
and temperature, i.e. increased day length, are considered to be important factors controlling spawning
activities (Hazard & Eddy 1951). The spawning activity, respectively the length of breeding period is
extremely variable, and some species spawn only once, others twice, and some species may spawn
several times during a year. To understanding the contribution of reproduction of fish in seaweed
cultures monitoring techniques to quantify mobile biodiversity abundance are needed.

Fish assemblages in the central and northern North Sea are very different to those assemblages further
south, including Dutch waters (Teal 2011). The fish assemblages correspond with changes in water
depths and temperature (Callaway et al. 2002). The southern North Sea is generally shallower (< 50
m) than the northern parts. Correspondingly, dominant fish species are those that are characteristic of
inshore waters, e.g. benthic flat fish, as Solea vulgaris (sole), Limanda limanda (dab), and Pleuronectes
platessa (plaice), as well as pelagic fish, like Merlangius merlangus (whiting) and also other species from
the order Gadiformes (Callaway et al. 2002). While benthic fishes are unlikely to enter an offshore
seaweed cultivation site close to surface waters, pelagic fish and especially their juvenile, e.g. young
haring, that prey on smaller organisms, i.e. mesograzer (e.g. isopods, amphipods, gastropods), could
very well be attracted.

A recent study in the Eastern Scheldt, an inshore delta system in the south of the Netherlands, has
shown a great abundance of the amphipod Caprella spec. on introduced seaweed cultivation ropes, but
an overall low diversity of meso-fauna (Bernard & Tonk 2019). Nevertheless, these amphipods may be
part of the diet of many carnivore and omnivore fish. An overview of fish species in the Eastern Scheldt
per season was elaborated by Gmelig Meyling et al. (2013), based on a data collection by means of
diver surveys (Table 1).
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Table 1 Overview of fish species in the Eastern Scheldt per season (retrieved from
Gmelig Meyling et al. 2013; Stichting Anemoon, Netherlands). ‘Feed’ indicates whether
species are carnivorous (car), herbivorous (her) or omnivorous (omn).

Anguilla anguilla Eel Paling X X X Car
Atherina boyeri Big-scale sand Kleine X X X Oomn
smelt Koornaarvis
Atherina presbyter Sand smelt Koornaarvis X X X Car
Belone belone Garfish Geep X Car
Callyonimus lyra Common dragonet Pitvis X X Car
Clupea harengus Herring Haring X X Car
Sprattus sprattus Sprats Sprot X X Car
Engraulis encrasicolus Anchovies Ansjovis X Car
(plankton)
Gadus Morhua Atlantic cod Kabeljauw X X Car
(guh)
Merlangius merlangus Whiting Wijting X Car
Pollachius pollachius European Pollock Pollak X X Car
Trisopterus luscus Pout Steenbolk X X X Car
Ciliata mustela Fivebeard rockling 5 dradige X Car
meun
Gasterosteus aculeatus Three-spined 3-doornige X X Car
stickleback stekelbaars (insects,
fishbrood)
Chelon labrosus Thicklip grey Diklipharder X X X Her
mullet
Liza ramada Thinlip mullet Dunlipharder X X X Her
Osmerus eperlanus European smelt Spiering X Car
Lipophrys pholis Blenny (or Shanny) Steenslijmvis X Car
Parablennius gattorugine Tompot blenny Gehoornde X X Car
slijmvis
Trachurus trachurus Horse mackerel Horsmakreel X Car
Gobius niger Black goby Zwarte X X X Car
grondel
Pomatoschistus minutus Sand goby Dikkopje X Car
Labrus bergyilta Ballan wrasse Lipvis X Car
Dicentrarchus labrax European bass Zeebaars X X Car
Pholis gunnellus Butterfish Botervis X X X X Car
Zoarces viviparus Viviparous eelpout Puitaal X X X X Car
Limanda limanda Common dab Schar X X Car
Platichthys flesus European flounder Bot X X X Car
Pleuronectes platessa European plaice Schol X X X Car
Solea solea Common sole Tong X X Car
Cottus gobio European bullhead Zeedonderpad X X X X Car
Taurulus bubalis Longspined Groene X X X X Car
bullhead zeedonderpad
Cyclopterus lumpus Lumpfish Snotolf X X X Car
Syngnathus Pipefish Zeenaald X X Car
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2 Objective

In this study, we investigated video techniques (visual, infra-red) in respect to their applicability to
identify and quantify mobile fauna in close proximity to a seaweed test farm, following the studies on
remote video techniques from Tonk et al. (2018). In addition, this report focusses on the temporary
(daily) appearances of mobile fauna. Diversity and abundances of species in a newly introduced seaweed
cultivation site may shift over time, as well as frequency of visits by fish (and mammals, such as seals)
may increase over season and year in accordance with acquaintance of the (location of the) site. Thus
continuous monitoring over several seasons and years is recommended.

Depending on the size of the cultivation, more than one baited framework with cameras can be installed
to monitor huge areas at a time. Typically visual sight in the North Sea and coupled delta systems is
restricted to approximately one meter or less, depending on depth and turbidity. Consequently, this
video technique can only be applied to determine species of macro-fauna that are close to the camera’s
lens, while meso-fauna can barely be detected, nor taxonomically identified from camera footage. Meso-
fauna must be examined in a different approach, for example retrieving sections of cultivation rope and
attached biomass for identification in the laboratory by binocular and/or microscope.

It is important to understand drivers, such as the modification of an habitat as represented by the
introduction of large scale seaweed cultivation operations. In order to be able to make projections on
how these may affect the fish community in the future. As well as the effect of the ‘loss’ of cultivated
seaweed biomass due to grazing and (temporary) occupation for nursery. To address these ecologically
important research questions, WUR has launched a video monitoring project.
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3 Materials and Methods

In preliminary tests, the visual sight of the action cameras (GoPro™ Hero 7) and infra-red camera
(Eyoyo™ fish-finder) are assessed, as well as the addition of a light source (optional) and their position
and angle towards the bait is configured along the steel frame for best view. The bait is placed in a
plastic mesh (or onion bag), stocked with a mixture of rag worms, fish remainders, shellfish flesh, bread,
and corn to attract carnivore, herbivore, and omnivore fish. To test the functionality of the apparatus in
a marine environment, for instance, a small harbour can serve as an easy accessible location, offering
sufficient depth for measurements under the water surface and under poor natural light conditions,
either by the depth itself or shading of incoming sunlight by parked boats or landing stages, similar to
the blocking of sunlight inside a dense seaweed cultivation site. In the harbour, artificial light sources
can be tested and adjusted with ease.

In correspondence to seaweed cultivation, seasons and fish migration, as well as fish feeding behaviour
and reproduction cycles. Video monitoring should focus on different daytimes, like dawn, noon, and dusk
during spring- and summer time. Previous studies on baited cameras in the Easter Scheldt showed the
appearance of different fish, like big-scale sand smelt (Atherina boyeri) and horse mackerel (Trachurus
trachurus), after 20 seconds, respectively 31 seconds, after deployment and fish activity peaked after
5 to 6 minutes (Tonk et al. 2019).

Recordings at noon may serve as reference data. Battery power and data storage capacity of the
cameras (32 GB) are limited, thus constrict the duration of video monitoring.

Analysis of the footage, respectively identification of recorded species is done in the laboratory by
specialists. Footage and photographs of the species can serve for future reference and quality assurance,
as well as can help to communicate and exchange information between researcher, stakeholder, and
the public. A summary of the experimental set up is represented in Table 2.
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Table 2 Summary of preliminary tests, including test parameters and their function in
video monitoring techniques to identify marine macro-fauna species.

Visual sight I (cameras) - action camera (4K) - recording of species
- infra-red camera (800 x 480)
- position and angle

Visual sight II (lights) - visual light (PAR) - improvement of visual sight
- infra-red
- position and angle
Bait mesh or onion bag with: - a mixture to attract
- rag worms carnivores, herbivores and
- bread omnivores in the vicinity
- corn

- fish remainders
- ensis (shellfish) flesh
or combination of the above

Season - spring - Harvest of winter seaweed
- summer cultivation, start of summer
2-3 days per season cultivation.

- high food web activity
- empirical season coverage

Daytime - morning - fish behaviour in daily feeding
- afternoon and migration
- evening - empirical daytime coverage
for 30 - 60 min
Data analysis - pictures of relevant species - identification of species
- video sequences - easy exchange of data

- future reference (also for
automated monitoring)
- public relations (transparency)

Test location Easily accessible location: - test and adjustment of all
- coastal seaweed site applications
- fish farm

- small harbour
- seaweed farm (optional)
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4 Results preliminary test on baited
camera settings

4.1 Test site

Settings of the cameras, as well as adjustment of cameras angles and lights were tested in a public part
in the harbour in Yerseke (Bakenweg, 4675 RB) (Figure 2 Google™ satellite image of test location at the
Yerseke harbour (N 51°50°0.38”, E 4°05'36.37").Figure 2).

Figure 2 Google™ satellite image of test location at the Yerseke harbour (N
51°50°0.38"”N, E 4°05'36.37"E).

4.2 Preliminary test results

Visual appearance of objects in the video footage was well inside the boundaries of the steel frame in
terms of focus and general visibility. Outside its boundaries (> 1m) on the other hand, general visibility
was drastically reduced due to turbidity and low light. An increase in light intensities from moderate to
high level (3-way light source: dim; moderate; high) caused extremely bright reflections of plenty
suspended particles (high turbidity) close to the light source and camera lenses. Thus, this did not
increase general visibility and made it more difficult to identify species at all (compare Figure 3). Good
vision was reached at a moderate light level with the light source pointing at the bait net in a 45° angle
from a top bar of the steel frame. Similarly, all cameras were attached on each site of the steel frame
on the top bar, pointing downwards in a 45°- 60° angle, focussing on the bait in the centre of the
structure.

The installation of an infra-red camera fish-finder (Eyoyo®, Underwater Fishing Camera, HD 1000TVL)
connected to a 9” TFT monitor (50 fps; 800x480, AVI) by cable (30m) offering live feat made it possible
to control the correct placement and attachment of the bait. After submerging the heavy steel frame to
its operating depth at 1.5 meters, this set-up allows to survey and coordinate the position of structure
(Figure 4). A disadvantage of this installation is the connection by cable to a screen and energy supply
(DC 12.6V), as the site cannot be left to avoid disturbances and potential noise caused on a boat, which
might fear off mobile fauna.
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Figure 3 Video snap-shot of a crab (unidentified) on the retaining wall at Yerseke
harbour taken with Eyoyo™ fish-finder infrared camera.

Figure 4 Eyoyo™ fish finder set up (TFT monitor) for live feat allows to control
orientation and position of the baited system, as well as enables a direct observation.

4.3 Video monitoring at seaweed site

4.3.1 Study site

Video monitoring took place in the Schelphoek in the Eastern Scheldt, at a seaweed test farm (Figure
5), operated by Seaweed Harvest Holland B.V., on the 2" of July 2020 around early afternoon (14h00
- 14h45) and in the evening (17h30 - 18h30).

The test farm consists of 16 doubled-lined rows of horizontally arranged cultivation ropes and overall
dimensions of approximately 200m x 50m (compare Figure 5B). The cultivated seaweed species
prevailing on the cultivation ropes was the perennial brown seaweeds Saccharina latissima (Figure 6).
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4.3.2 Experimental design

The baited cameras were deployed at the south-east side of the farm between the very first 2 rows of
the seaweed cultivation ropes at a depth of approximately 1.5 m. A mixture of defrosted crab and
defrosted mussel meat were used as a bait for both recordings, in the early afternoon (14h00 - 14h50)
and in the evening (17h35 - 18h25). All recordings were conducted at the same location with the same
camera settings. Due to the experimental design, this study focussed on pelagic species and does not
include assessment of benthic species and composition.

Beachelub Perry's
—

g » B —

Figure 5 (A) Google™ satellite image of the study site in the Eastern Scheldt (Schelphoek

marked with red circle) (B) zoomed-in satellite image of the seaweed cultivation
installation, and (C) photograph of the study site.

4

Figure 6 Photograph of the brown seaweed Saccharina latissima on cultivation ropes in
the Schelphoek in July 2020.

$-

4.3.3 Analysis of video footage

Analysis of video footage was conducted with VLC player (freeware; VideoLAN, Ecole Centrale Paris,
Paris, France). The footage of different cameras was compared and analysed for the time of first arrival
(TFA), the maximum number of individuals present in the field of view at any time (MaxN), duration
time of MaxN, and interaction with the bait. The filmed individuals were identified to the lowest
taxonomic level possible.
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5 Results

5.1 Early afternoon

The baited camera system attracted fish within 10 minutes after its deployment at the seaweed site in
the early afternoon. The first fish appearances in view were dominated by young horse mackerel
(Trauchus trauchus) after 9 minutes and 38 seconds and continuously seemed intrigued by the bait, as
their appearances continued for the whole observation time (Figure 7, Fig. 11).

However, there was not a lot of interaction with the bait bag directly and no active feeding was observed.
A bad visibility caused by high turbidity in the water made it difficult to identify and quantify the numbers
of fish present outside the baited camera system. Furthermore, fish were likely to circle around the bait
coming closer slowly, which was difficult to follow on different camera views and therefore the presented
numbers might be overestimated, respectively duration time of MaxN underestimated.

In addition, two types of jellyfish passed by the camera lenses during the recordings and were identified
as compass jelly fish (Chrysaora hysocella) and blue jellyfish (Cyanea lamarckii) (Figure 8).
Furthermore, a crab (unidentified) moving on the horizontal cultivation rope was recorded (Figure 9).
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Figure 7 Typical fish appearances (A) single name and (B) multiple name in the view
during recordings with a baited camera at a seaweed cultivation site in the Schelphoek
in the early afternoon.

Figure 8 The jellyfish (A) compass jelly fish (Chrysaora hysocella) and (B) blue jellyfish
(Cyanea lamarckii) passing by the camera lenses.

Figure 9 A crab (unidentified) crawling on a horizontally alignhed seaweed cultivation
rope.
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5.2 Early evening

During recordings in the early evening between 17h30 and 18h30 at the same position, one juvenile
fish was observed feeding on the bait (Figure 10). No other mobile fauna, except for jellyfish hovering
in the view were observed. The unidentified juvenile fish first came into view after 23 minutes, after
deployment of the baited camera system, and immediately went to test the bait. The juvenile fish was
interested in the bait and stayed in sight for approximately 1 minute, before leaving again (Fig. 11).

5.3 Early afternoon vs. early evening

There was a greater fish activity observable in the early afternoon hour, than in the early evening, when
only one fish could be recorded (Figure 11).

Figure 10 Unidentified juvenile fish feeding on the bait from different camera angles (A,
B).
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5.4 November 2018 vs July 2020

In November 2018, the first results on video monitoring with a baited camera system at the seaweed
test site in the Schelphoek were reported by Tonk et al. (2018). The monitoring by Tonk et al. (2018)
took place at the same location (and depth) in the early afternoon, comparable to the time frame of the
early afternoon recordings in this study. In November, the seaweed (S. /atissima) on cultivation ropes
had been deployed right before monitoring was conducted, hence cultivated biomass was very little
compared to biomass in the beginning of July 2020 (note: deployed in November 2019). The results on
fish monitoring in November 2018 showed a higher diversity in species composition and a MaxN that
was twice as high as the MaxN of 7 observed in July 2020 recordings. An identical bait (mussel flesh,
crab and shrimp meat) attracted fish already after 30 seconds after deployment of the system in
November 2018, while fish appeared after approximately 10 minutes in July. The maximum numbers in
fish were horse mackerel (Trauchus trauchus), a swarm fish, which is similar to results of MaxN in this
study. Another fish species with a high abundance observed in the November 2018 recordings was the
big scale sand smelt (Atherina boyeri), which could not be observed in the July recordings. However, in
neither recordings of November 2018 and July 2020, it was possible to taxonomically identify all sighted
fish species from the video material. Especially small fish (1-2 cm) are nearly impossible to taxonomically
identify from the recordings. Small fish were sighted in the seaweed test farm in November 2018 after
deployment of the cultivation ropes and also in July 2020, before potential harvest of biomass. Tonk et
al. (2018) reported small groups of 4 to 8 individuals travelling alongside the horizontal cultivation
ropes, while only one juvenile fish showed during early evening recordings in this study (Fig. 10, Fig.
11).

The assemblages of recorded jellyfish differed in November 2018 from observations in July 2020. In
November 2018, the sea gooseberry (Pleurobrachia pileus) and the moon jelly fish (Aurelia aurita) were
dominantly observed, while the compass jelly fish (Chrysaora hysocella) and the blue jellyfish (Cyanea
lamarckii) were recorded in July 2020.

B Noon

M Evening

MaxN

Minutes

Figure 11 The maximum number of fish (MaxN) in camera view at any one time during
a 15 seconds interval after deployment of the baited camera system during video
observations at a seaweed test site in the Schelphoek around noon and early evening in
July 2020.
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6 Conclusions and recommendations

6.1 General conclusions

The baited camera system has the potential to attract carnivorous and omnivorous fish, rather than
herbivorous species (Cappo et al. 2007). However, the results of this study show that the time of
deployment of a temporary monitoring system is crucial to observe underwater activity. In the early
afternoon, there was significantly more fish activity, and interest in the baited system. Compared with
the early evening hour, when there was only one juvenile specimen recorded. Seaweeds typically
represent a nursery ground for pelagic fish, as well as offer shelter (Steneck et al. 2002). In
correspondence to observations from Tonk et al. (2018), juvenile and small fish, respectively fish larvae
occur near seaweed sites. This makes it difficult to taxonomically identify the species on video footage,
but video monitoring represents the least intrusive method to gain information on underwater activities.
Depending on the level of turbidity in the water and visibility, video monitoring may not only give
information for identification and quantification of species, but also provides great pictures for
presentations and public work. Observations from different camera angles improve the ability to identify
species, as more information may be revealed from the footage (Figure 3).

Figure 12 Video snapshots of (A) a mackerel (Trachurus trachurus) and (B) the same
fish from a different camera positions. This arrangement allows for improvements in
species identification of mobile fauna.

Figure 13 Video snapshot recorded by (A) action camera and (B) infrared camera.
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6.2 Infrared cam vs. action cam

Naturally, the images produced by an infrared camera are less brilliant, than comparable images
produced by a digital action camera, due to their operation spectra (Figure 4). The resolution of the
images of both types of cameras depend on their technical equipment. In this study, the infrared camera
had a resolution of 800 x 480, while the action cameras recorded in 4K resolution. A great advantage
of the infrared camera was the live footage, which allowed to control the bait and optimize the position
of the frame structure relative to the cultivation ropes. Furthermore, the infrared camera may be
connected to an external energy source, if necessary, while the action cameras were able to record for
about 60 minutes in regard to their ‘battery life’. Adjustments to frame rates and resolution may extend
the ‘battery life’. A general disadvantage of the infrared camera was the cable connection from the
underwater camera to the monitor on the boat, which prevented leaving the site and required a minimum
of noise and movement.

The identification of fish was conducted from the footage recorded by the action cameras.

6.3 Recommendations

This study showed the importance of the daytime in regard to video monitoring. In future projects,
monitoring should be considered to be conducted in the morning hours and during midday (as
reference), as well, to assess daily fish activity and changes in ‘visiting’ fish assemblies near seaweed
fields.

The baited camera system used in this study aimed to monitor carnivorous and omnivorous pelagic fish
and their interaction with the bait. However, as seaweeds farms also affect the benthic life in terms of
biomass input from detached seaweed fragments and reduced light levels, future studies should include
an assessment of the benthic fauna, as well.

Furthermore, a combination of different kinds of bait are recommended for future studies. While this
study used ensis and crab flesh, which typically attracts carnivorous and omnivorous fish species, corn
and bread crumbs may be added to the bait bag to increase chances of attracting herbivore fish in close
vicinity to the seaweed farm, too.

Biodiversity and composition is likely to change over the seasons. A frequent monitoring over a seaweed
cultivation season (and beyond) should be conducted to get better knowledge on occurring and re-
occurring fish assemblies and their interaction with the seaweed farm. A newly introduced seaweed farm
site may attract an increasing number of species over time, in correspondence to its acquaintance to
(migrating) fish. In long-term studies, this information may be compared to fish migration data from
the North Sea area to assess potential consequences to (historical) fish migration patterns and routes.
To provide a wider range of identification options, automated visual recognition should be considered
for future development.
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