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ABSTRACT
To be able to understand the aquatic life, it is of great significance to comprehend the internal
abiotic processes of the sea. Thus, the levels of oxygen, nitrate and phosphate were measured
via spectrophotometry in this study.
In order to investigate whether ecological communities differ when exposed to different
aquatic environments, an experiment consisting of two VIRTUE-racks was carried out. The
VIRTUE-racks were placed at two different aquatic environments. One rack was exposed to
waves, placed at the inflow of the harbor. The second rack was placed inside the harbor,
protected from waves. The racks were left for organisms to inhabit, and species composition
checks were performed weekly.
Concluding remarks: Fixed organisms tended to settle down in the harbor where there is
plenty of nutrition without having to move to find food. In general, fewer species, but higher
numbers of each species were found to live inside the harbor compared to the inflow. This
might be due to that some species might have been very competitive and thus they became
dominating. The level of nutrition within the sampling area was found to be exceptionally
high in comparison to other data.
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1. INTRODUCTION
To be able to understand the aquatic life, it is of great significance to comprehend the internal
processes of the sea. Several biotic and abiotic factors affect the water condition. Currents,
nutritive salts, weather, and organisms themselves are a few factors that decide the
environment below the surface of sea. 1
Water organisms have their own niche and form different habitats. Some species live deep
under the surface, while others live closer to the sunlight. Some organisms float along the
currents; plankton, whereas some, for example – barnacles, do not move at all once they have
settled. 2
The Kattegat is the sea with the vastest mesozooplankton biodiversity among the
surrounding seas of Sweden 3. Barnacles nourish themselves by eating plankton; hence it is of
importance to investigate the plankton nutrition in the sea. The nourishment for phytoplankton
is nutritive salts 4, thus the level of nitrate and phosphate can have important impact.
Phytoplankton are the primary producers in the aquatic food chain 5. If the primary food
source suffers a reduction, the carrying capacity of all organisms will fall. Either it results in
fewer organisms, or sometimes it leads to total extinction. 6 Thus it is important to do more indepth investigations of nutritive salts since they carry the whole maritime food chain and
indirectly determine the biodiversity. Biodiversity itself is a valuable matter.

1.2. AIM
The ultimate aim of the investigation was to compare whether the ecological communities
differ when exposed to different aquatic environments, i.e. if and how the water conditions
affect the aquatic life.

In order to do this, an experiment was set up where water conditions, i.e. oxygen (O2), nitratenitrogen (N-NO3--H), phosphate (PO43-), salinity and temperature were measured and where
the dominating species in the water during autumn/winter seasons were investigated.
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2. MATERIAL AND METHODS
Methods that have been utilized:



VIRTUE-rack
Spectrophotometry

2.1. SAMPLING
VIRTUE, Virtual University Education, was the primary
method which was used to collect the aquatic organisms.
Two VIRTUE-racks (Figure 1. 7) were placed at Bråtaviken
harbor (see appendix #1.) on the west coast of Sweden. One
rack was exposed to waves, placed at the inflow of the harbor.
The second rack was placed inside the harbor, protected from
waves.

2.1.1. FIRST SET
Figure 1. VIRTUE-rack
Source: Bergen University

The first set of racks consisted of five levels. Every level was
made up by two transparent disks, one lower and one upper
disk. The levels were placed on the pipe with an interspace of
ten centimeters. (See Fig. 1 and Fig. 2 for further description.)
The racks were placed in the water in late September, and
checks were done every second week.

2.1.2. SECOND SET
Figure 2. First set
VIRTUE-rack
Photo: Emmelie Gustafsson

The second set of racks consisted of two levels, separated with a
fifty centimeters long pipe in-between. The middle levels were
removed due to excessive work, since only the noticeable and
biggest differences were of importance.

Biodiversity checks were done weekly for four weeks. The
racks were then brought up on land to be investigated with
stereo microscope.
7
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After the fourth biodiversity check, the biodiversity index for
S−1

each rack was calculated according to this formula 8: 𝑖𝑖 = ln N

N is the total amount of organisms. S is the number of species.

2.2. ANALYSIS
Spectrophotometry was applied to decide the level of oxygen
(O2), nitrate-nitrogen (N-NO3--H), and phosphate (PO43-) in the
water.

Figure 3. Water sample from which the
amount of dissolved oxygen has been
measured according to the
HRDO-method.
Photo: Emmelie Gustafsson.

O2

– HRDO-method (Figure 3)

N-NO3--H

– Cadmium Reduction Method

PO43-

– Ascorbic Acid Method (Figure 4)

The three methods above were performed using the
Spectrophotometry device: Hach DR/2000.
Further instructions can be found in the corresponding analysis
manual. 9
A pilot study was carried out during a five days period, to see
how the level of oxygen, nitrate and phosphate change during
Figure 4. Water samples mixed with
reagens from which nitrate (colorless)
and phosphate (blue) have been
measured.
Photo: Emmelie Gustafsson.

night and day.
The two parameters ‘salinity’ and ‘temperature’ were measured
at irregular times. No pilot study was carried out.
The utilized device to measure salinity was ATAGO’s Hand
Refractometer.
The level of oxygen, nitrate, phosphate, salinity and temperature
were all measured on samples of water collected twenty
centimeters below the surface.

8
9

University of Lund (1977)
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3. RESULTS
3.1. PILOT STUDY
Water samples for the pilot study were taken at a depth of twenty centimeters below the
surface at the inflow of Bråtaviken harbor in the Kattegat. (See appendix #1 for location).

3.1.1. OXYGEN

Figure a) Concentration of dissolved oxygen in sea water measured in morning and
afternoon at 10a.m. and 3p.m.

Figure a) shows that the level of dissolved oxygen is, in general, higher in the afternoon than
in the morning.

3.1.2. NITRATE

Figure b) Amount of nitrate per liter in sea water measured in morning and
afternoon at 10a.m. and 3p.m.

Figure b) displays that the level of nitrate in the water varies.
7

3.1.3. PHOSPHATE

Figure c) Amount of phosphate in sea water measured in morning and afternoon at
10a.m. and 3p.m.

Figure c) shows that the concentration of phosphate is seemingly higher in the afternoon than
in the morning.
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3.2. SALINITY AND TEMPERATURE
Temperature and Salinity were measured at the inflow of Bråtaviken harbor, the same place
where water samples for the pilot study were collected. Figure d) and e) below show how the
salinity and temperature vary between certain dates. 10

3.2.1. MORNING DATA

Figure d) Temperature and salinity measured at 10a.m.

3.2.2. AFTERNOON DATA

Figure e) Temperature and salinity measured at 3p.m.

10

Note that the dates are not consecutive.
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3.3. BIODIVERSITY
These charts display statistics about the biodiversity on each level of the two racks. In order to
determine which rack that had the vastest biodiversity, the biodiversity index was calculated.

3.3.1. SPECIES FOUND
Picture 1-8 below show organisms found on the racks. Pictures of Cypris Virens and Diatoms
are missing.

Picture 1. Species e)
Cyclopiod copepod
Photo: Emmelie Gustafsson.

Picture 4. Species a)
Photo: Emmelie Gustafsson.

Picture 7. Species b)
Photo: Emmelie Gustafsson.

Picture 2. Copepod
Photo: Emmelie Gustafsson.

Picture 5. Barnacle:
Balanus improvisus.
Photo: Emmelie Gustafsson.

Picture 3. Species c)
Fixed protozoa with stalk.
Photo: Emmelie Gustafsson.

Picture 6. Species f)
Species from the
Magelonidae family.
Photo: Emmelie Gustafsson.

Picture 8. Species d)
Fixed protozoa with stalk.
Photo: Emmelie Gustafsson.
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3.3.2. RACK AT INFLOW
The following diagrams: Figure f)-j) show the species composition on the rack placed at the
inflow of the harbor. Each diagram represents the number of each species that inhabits the
disks.

3.3.2.1. LEVEL #1 TOP DISK

Figure f) Species composition chart showing that diatoms dominate this disk.

3.3.2.2. LEVEL #1 BOTTOM DISK

Figure g) Species composition chart showing that the dominating
organisms on this disk are Copepods, Barnacles and undefined
species e).
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3.3.2.3. LEVEL #2 TOP DISK

Figure h) Species composition chart showing that Barnacles
and undefined species b) dominate this disk.

3.3.2.4. LEVEL #2 BOTTOM DISK

Figure i) Species composition chart showing that the
dominating organisms are Copepods. Not many organisms
inhabited this level.

3.3.2.5. BIODIVERSITY INDEX – INFLOW
Biodiversity index, 𝑖𝑖: 11

𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =

S = Total number of species: 7

S−1
7−1
=
≈ 1.504
ln N
ln 54

N = Total number of organisms: 54

11

Data are collected from weekly checks.
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3.3.3. RACK IN HARBOR

Figure j) Number of organisms of each species collected from the rack placed
inside the harbor.

Figure j) show the species composition of all levels on the rack placed inside the harbor.

3.3.3.1. BIODIVERSITY INDEX - HARBOR
Biodiversity index, 𝑖𝑖: 12

𝑖𝑖𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 =

S = Total number of species: 6

S−1
6−1
=
≈ 1.024
ln N
ln 132

N = Total number of organisms: 132

12

Data are collected from weekly checks
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3.3.4. MOVING/FIXED ORGANISMS ON EACH LEVEL

Figure k) Chart displaying the percentage of moving and fixed organisms. The
rack inside the harbor is mostly settled by fixed organisms; such as barnacles,
whereas the rack at the inflow is inhabited by moving organisms; such as
copepods.

Figure k): Both the bottom and top disks of each level are included in the bars.

3.3.5. MOVING/FIXED ORGANISMS OVERALL

Figure l) An overall chart displaying the percentage of fixed and moving
organisms for the rack located inside the harbor and the rack at the inflow.

Figure l): The percentage of moving organisms was higher on the rack at the inflow than on
the rack inside the harbor.
14

4. DISCUSSION
4.1. ABIOTIC FACTORS
The abiotic factors were:








Waves
Temperature
Salinity
Substratum
Phosphate
Nitrate
Oxygen

To judge by figure k) and figure l), fixed organisms tended to inhabit places where the water
current is calmer, and moving organisms inhabited more current areas. Organisms which are
strong enough to endure the exposure of waves are more likely to feed on a bigger variety of
fresh food. Inside the harbor, where the water was not as rapid-flowing as it was at the inflow,
the nutrition level was seemingly high according to the pilot study.
Then one may wonder why e.g. bay barnacles settled down in calmer areas, and copepods in
more rapid-flowing areas. One hypothesis is that barnacles are in need of protection from
waves, since their shell plates are made up by calcium carbonate (CaCO3). If the shells are
exposed to strong currents they might successively abrade, and that would lead to weakened
organisms. However, this is most likely false, since barnacles in general inhabit both current
water and less current water, on boats, rocks et cetera. J. M. Hills, J. C. Thomason and J. Muhl
carried out a research on Settlement of Barnacle Larvae is Governed by Euclidean and Not
Fractal Surface Characteristics, where they state that the reason as to where barnacles settle
down is the substratum. Hence more circulation within the water of the harbor would not
prevent barnacles from settling on boats.
Figure a) shows that the level of oxygen is higher in the afternoon than in the morning. This is
mostly due to photosynthesis of phytoplankton. But winds also blend the water with oxygen
from the air, which is one explanation as to why the level of oxygen during the night is not
remarkably less. 13
Phosphate and nitrate are discussed under Pilot Study II. See next page.

13
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4.2. BIOTIC FACTORS
One can also think about barnacles as energy saving organisms, they do not move and thus
they are not in need of the same amount of energy as e.g. copepods. Assuming that this is true,
it is possible that more organisms are able to live inside the harbor. Although the barnacles are
many, they are energy saving and more nutrition will be available for other organisms.
Another reason as to why barnacles settled in the harbor could be an enhanced occurrence of
filter feeders which indicates that there is plenty of food for them – phytoplankton – which
feed on nutritive salts – which there are plenty of.
Then why do some species choose not to live inside the harbor? Because the competition
would be too keen if all organisms lived there. Organisms of every species have different
physical prerequisites; an animal with the physical ability to survive in current water does not
have to deal with the competition within the harbor.

4.3. PILOT STUDY II
When the pilot study was performed, there was an on-going house construction just a hundred
meters from the harbor; this made extra dirty, brownish water flow to the sea through a pipe
leading to the harbor. The amount of nutritional water was exceptionally big since it rained
quite a lot when the pilot study was carried out. The rainy weather and house construction
together contributed to extra high levels of nutrition, which is perceivable when comparing
my results with SMHI’s data (data from the Swedish Meteorological and Hydrological
Institute). My data are a thousand times bigger than the data from SMHI (See appendix #2).
Only the sample data collected on 0.0m below the surface are relevant when comparing the
data.
To judge by SMHI’s data, all parameters but oxygen increase as the depth increases; this is
due to the cooperation between the parameters. However, this is not of importance regarding
the biodiversity in this study since samples were only collected from the inflow and not from
the harbor.

4.3.1. SOURCE OF ERROR
The results from the pilot study are extremely high, though they are most likely valid. When
testing the methods, water from an aquarium was used as sample water. The
spectrophotometry device gave no result: the water from the aquarium contained too much
phosphate. Redoing the test, the same water was used as sample water, but this time it was
16

much more diluted. The spectrophotometry device showed a number which seemed to be
normal, i.e. within the boundaries of the spectrophotometry device.
Nitrate – It was complicated to measure the level of nitrate. The reagent which was blended
with the sample water contained cadmium and it was very important to see to it that no
cadmium was wasted, and it was of importance to pour all reagent fluid into a certain
container. This made it difficult to wash the cuvettes and graduated cylinders since no
cadmium was allowed to be flushed down the sink.
Oxygen – A major source of error would be if the ampoule was above the surface of the water
when the nib broke, causing oxygen from the air to blend with the sea water.
Phosphate – When using the Ascorbic Acid Method very clean equipment must be used.
Detergent free from phosphate is necessary and it is of significance to rinse out with distilled
water.
The above source of errors can have impact on the results, yet it is not likely that they have
caused the results to be a thousand times bigger than what is said to be normal. The problem
probably lies within the spectrophotometry device; miscalibrated or the like.

4.4. SALINITY AND TEMPERATURE II
The two parameters salinity and temperature are shown together in the same charts since there
could be a connection between the two parameters. I had a feeling that the salinity would be
directly proportional to the temperature, yet that theory is not supported by the data from
Figure d) and figure e).
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5. CONCLUDING REMARKS


The level of oxygen is higher in the afternoon than in the morning, due to
photosynthesis.



Bay barnacles seem to enjoy the bottom disk on level 1 the most.



In general, fewer species, but higher numbers of each species were found to live inside
the harbor compared to the inflow - some species might have been very competitive
and thus they became dominating.



The level of nutrition within the harbor is exceptionally high.



Fixed organisms tend to settle down in the harbor where there is plenty of nutrition
and where they do not have to move to find food.
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APPENDICES
APPENDIX #1

The blue dots represent the two VIRTUE-racks.

Source: Google maps.

Water samples #2
for the pilot study were collected where the blue dot to the right is located.
APPENDIX
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Data from SMHI: 14, 15
Depth

Temperature

Salinity

Oxygen

Nitrate

Phosphate

(m)

(°C)

(psu)

(µg/dm3)

(µg/dm3)

(µg/dm3)

14
15

0.0

11.74

25.016

102.40

1.40

5.58

5.0

11.77

25.023

102.40

1.40

4.96

10.0

12.15

25.386

100.00

2.10

5.27

15.0

12.75

27.172

95.84

3.08

5.89

20.0

13.95

30.927

83.52

16.23

9.91

29.0

14.28

31.939

75.20

31.38

16.73

The concentration of oxygen, nitrate and phosphate are converted from µmol/dm3 to µg/dm3.
The data are collected from Onsala, ten to twenty kilometers north of Bråtaviken.
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