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Abstract

For this study, it was planned to observe bioturbation with tracers which get dispensed in
front of the Sediment Pro�le Imaging Camera (SPI). A device is needed for the dispensing
of the luminophores. That is why, the Luminophore Dispensing Mechanism (LDM) was
developed in this bachelor thesis. The used material such as the luminophores and the SPI
will be explained. Also, the sinking behavior is observed. The expected sinking velocity
as well as the lateral drift, due to currents near the sea�oor, are calculated. For the
development of the LDM, some pilot tests were executed to �nd the right method. It was
decided to continue the idea of two movable grids, which can be aligned either for the
apertures to be on top of each other or to be replaced so that nothing can be dispensed.
The most important part is the development of the �nal design and the trigger. The trigger
is crucial for the transition between the luminophore-containing and luminophore-emitting
states.
The �nished mechanism was tested both in a laboratory environment as well as in the
North Sea during an expedition. Even though the LDM worked �ne in the laboratory,
problems did occur during the North Sea test as to the result of no useful image being
taken by the SPI. Possibilities for improvements are given, while the basic idea can be
continued for further studies.
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1. Introduction

Climate change is rapidly altering the conditions of the environment. Particularly sensitive
ecosystems are a�ected, such as the slow benthos of the Arctic deep sea. [1]
Therefore it is of utmost importance to investigate the conditions of this alteration and how
it is already a�ecting the organisms of the deep sea. Due to the melting of the ice, which
leads to major habitat changes, the Arctic is one of the fastest-changing places worldwide.
Since the region is hard to access, the available data on bioturbation rates in the Arctic
deep sea are scarce. [2]

Bioturbation is a very important soil phenomenon on land and in water, as it ensures the
availability of oxygen in deeper sediment layers. It can be de�ned as the alteration of the
existing structure in the sediment through animals.
Many organisms use the sediment to protect from predators or strong currents, to catch
prey, or nurture their o�spring. Digging through the sediment they leave burrows or other
traces. Every organism living in or on the sea�oor is impacted by the resulting bioturbation,
as it causes changes in the surface and an in�ux of limited substances such as metabolites
or oxygen. [3]
In the deep sea, bioturbation is especially important, as available oxygen is scarce. Also, the
entire ecosystem depends on nutrients that are recycled from the organic matter deposited
by the organisms. [2]
In order to gain data on bioturbation in the Arctic deep sea, a project was planned by
Alfred-Wegener-Institute for polar research (AWI) to be executed in 2024. The method
for this experiment includes placing luminophores in front of the Sediment Pro�le Imaging
Camera (SPI) and observing the distribution caused by the organisms.
Various experiments use luminophores to track the movements of organism causing bio-
turbation. Typically, luminophores are placed with SCUBA divers in shallow water, or
with a Remotely Operated Vehicle (ROV) in deeper water. Another approach is to bring
the relevant soil to the surface and into aquariums, to then observe the bioturbation with
luminophores. An example of taken results with luminophores dispensed on the sea�oor
can be seen in �gure 1.1. [f-SPi ] [2] [1]

Figure 1.1: Pictures taken with the SPI Camera by M. Solan [4] observing the behavior
of a spider crap with visible luminophores, pink in color
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Anneke Neber INTRODUCTION

The main problem of this method until now is the expenditure that is necessary to dispense
the luminophores. Both in situ methods, ROV and SCUBA diver, are neither cost nor time
e�cient, whilst additionally, SCUBA divers cannot operate in great depth.
Since all of these methods involve direct human input, errors might occur and the repeata-
bility decreases.
As a solution, the Luminophore Dispensing Mechanism (LDM) was developed. It is planned
to operate in great depth and dispenses the luminophores automatically leading to a shorter
execution time without human input. Also, it is very cost-e�cient and dispenses the trac-
ers evenly over a determined area, making the experiment repeatable.
In the following bachelor thesis, the Luminophore Dispensing Mechanism is presented.
Used material and previous experiments regarding bioturbation will be reviewed in chapter
2. Currents that might occur and other factors regarding the spread pattern are estimated
in chapter 3. An approach through preliminary tests is discussed in chapter 4. Finishing
the design for the mechanism and introducing the trigger is explained in chapter 5 and 6.
Practical tests were conducted. The results can be seen in chapter 7, and are discussed in
chapter 8. Lastly, chapter 9 gives a conclusion.
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2. Theory

Bioturbation is crucial for the benthic ecosystem. Due to current developments such as
climate change, it is important to be able to predict how an ecosystem will respond to
changes. The deep sea is a low-energy environment where the distribution of nutrients
depends solely on bioturbation. It is therefore important for science to gather more infor-
mation about deep-sea bioturbation. [2]
Di�erent organisms can be responsible for bioturbation, such as the spider crab in �gure
1.1. However, mostly organisms that dig deeper into the soil are crucial for bioturbation.
In the North Sea that can be, for instance, mussels, worms, and bigger animals such as mud
lobsters (all of them were observed during the HE616 cruise, where the practical test for
the LDM took place). The deep sea is the habitat of di�erent benthic organisms, including
animals from the invertebrate communities and the nematode communities. [1], [5]

2.1 Experiments regarding bioturbation with luminophores

The planned project for 2024 is based on similar experiments regarding luminophores and
bioturbation.
To determine bioturbation, often luminophores are used. They are a reliable indicator of
how much sediments from the surface get mixed into the soil. Depending on the study site,
luminophores can be dispensed with SCUBA divers in shallow waters, or with a ROVin
deeper waters. A usual method is the sampling with sample corers, to dry and slice the
sediment into sections where each section represents a certain depth into the sea�oor. Once
the sample is dried, the luminophores can be counted. Through this method, an insight of
the mixing rate is given. [2]
For better results, time series can be generated, which shows the mixing rates over time.
A di�erent possibility to do so is the lifting of the sediment to the surface. That way, the
bioturbation can be observed in real time. [1]
A di�erent method is using the SPI as �uorescent Sediment Pro�le Imaging (f-SPI). The
SPI generally takes momentary images of the sediment layers of the sea�oor. Through the
use of an f-SPI, the �ash is used with a �lter, in order to stimulate the �uorescence of the
luminophores.
A good example is the experiment that was conducted by M. Solan in 2003, at 28 m depth
in the Gullmarsfjord in Sweden, where the SPI was used as f-SPI. The luminophores were
spread by SCUBA divers in front of the camera. A photo was taken every ten minutes for
a total of 16 hours. An example of a result could be seen in �gure 1.1 in the introduction.
The use of the f-SPI to generate a time series allows species to be determined. [4]
However, for a more regular use of the f-SPI, a more e�ective method has to be found to
place luminophores. Di�erent application methods were seen: with SCUBA divers, with
a ROV, or by lifting the sediment to the surface. Problematic when using an ROV (or
SCUBA divers) to dispense luminophores is the amount of time required to operate the
vehicles and the cost of purchasing the ROV (or professional divers).
Moreover, in the deep sea, SCUBA divers cannot operate. Nor is lifting the sediment to
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the surface a solution, as deep sea organisms could die in the atmospheric pressure. ROVs
can manage great depth, though, if a SPI is used to collect data, it might be di�cult with
displacing the luminophores at a close distance to the glass window without bumping into
the rack or even damaging the SPI.
For an implementation of the f-SPI experiments in the deep sea, an alternative solution
must be found. The LDM was developed exactly for this application. The development
of a device is an engineering problem. The challenges include automatic triggering, uni-
form distribution, and an application area with high pressure, low temperature, and high
corrosion potential.

2.2 Luminophores

Luminophores play a critical role in this project. Luminophores are sediment-sized tracers,
that can be optically distinguished from regular sediment. This allows the luminophores
to blend with the sediment on the sea�oor while simultaneously tracking their movement.
[6]
In �gure 2.1 the used luminophores are presented. This image was taken with a microscope
to give an impression of the luminophores' size and outline.

Figure 2.1: Picture of the luminophores under the microscope, optical enlargement 1:100

Results from the microscope inspection show, that they vary in size and shape. They are
bright pink in color, which can be seen well on the luminophores on the right side of the
picture.
The shape is important to estimate the risk of mechanism failure if the luminophores in-
vade the space between the movable parts of the mechanism. The risk is increased by the
uneven surface of the luminophores.
The luminophores used in the experiments were supplied by Partrac in Glasgow. [7]
The variation used in this study is a silt-sized tracer, with a density of 2650 kg/m3, a
diameter of 60� m, a pink color, �uorescent and paramagnetic. The request form with the
detailed speci�cation can be found in the attachment.

As can be seen in �gure 2.1 the luminophores are neither uniform nor round, hence the
diameter of 60� m can only be an estimate of the average mean.
The sinking velocity of the luminophores is given with 0.013� 0.01 m/s for luminophores
between 60� m and 250� m and a density of 2600 kg/m3 [6]. Based on this data, estimates
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