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Abstract

In this study I have examined how light quantity and quality will affect the benthic algae
biomass and composition in Lake Erken. Benthic algae are unicells, colonies or filaments
that grow attached to substrates in aquatic environments. They are rich in species and
have important functions as primary producers, chemical modulators and they constitute
as habitats for other organisms. Light is restricted in the deeper littoral zone of lakes and
recent studies have shown that light can regulate the biovolume and structure of the
benthic algae. The effect of global warming can change the quantity and quality of light
reaching the benthic algae. One in vitro experiment was performed by exposing the algae
sample from 15m depth to different colour filters. The hypothesis was that biomass
would be higher and composition different in algae exposed to green and yellow light
compared to red, blue and daylight. One in situ experiment was done by adding light to
the sediment at 7m depth and the hypothesis was that benthic algae biomass would be
higher than the controls and the composition different. The result showed no significant
relation between colour treatment and growth rate and addition of light quantity did not
affect the biomass and composition. The results indicated that light quantity and quality
do not have the expected effect on benthic algae biomass and composition and the two
hypotheses have to be rejected.

Introduction

   Benthic algae (microphytobenthos + macrophytobenthos) are unicells, colonies or
filaments that grow attached to substrata in streams and on the lake bottoms in freshwater
and marine habitats. Epilithon are benthic algal community e.g. on stones and rocks and
epipelon are benthic algal community on fine sediments. Both groups are rich in species
and have important functions in aquatic habitats like providing the freshwater lakes with
food and energy as primary producers (Graham & Wilcox 2000). For example the
microphytobenthic communities constitute for around one third of the primary
productivity in shallow bays where these spots are feeding and nursing areas for fish and
their prey (Wulff et al. 1999). Even in subarctic and arctic lakes the benthic algae can be
important as primary producers. In Lake Stugsjön, Sweden, benthic algae constituted up
to 80% of the total production (Björk-Ramberg & Ånell 1985). In Southern Ocean,
diatoms such as Sea-Ice diatoms can contribute about 20% of the primary productivity
(Graham & Wilcox 2000) and in estuaries, microphytobenthic community account for
more than 30% of the primary productivity (Wulff 1999). Benthic algae also have an
important role as chemical modulators by transforming inorganic chemicals into organic
forms (Stevenson et al. 1996).
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   Benthic algae can also be used as indicator of water quality and changes in aquatic
habitats because different species have different optima for biotic and abiotic factors
(Stevenson et al. 1996). Based on benthic algal ecological distribution pattern, definitions
of different running fresh waters such as siliceous, calcareous and organic sites were
made in Germany (Foerster et al. 2004). However, fresh water habitats studies on benthic
algae are rare compared to the phytoplankton (Hansson 1992).

   Few studies have implicated the effect of light as the basal resource and in situ
experiments were light quantity and/or quality are manipulated are rare. The effect of
light has an important impact on benthic algae structures in freshwater, especially for the
deeper littoral zone were light is restricted (Hansson 1992). Here light only penetrates 2-4
mm into the sediment where photosynthesis and algal growth are confining to a thin layer
on the sediment (Cyr 1998). Diatoms have a very important roll as aquatic
photosynthesizers and light is the only energy source available for photoautotrophic
organisms (Hillebrand 2005). A change of the light regime will probably have a strong
impact on the benthic algae itself, but maybe even on the whole aquatic ecosystem.

   The effect of global warming can change the quality and quantity of light reaching
benthic algae on lake bottoms, by an increase or a decrease of humic substances and
phytoplankton in the open-water (Blenckner et al. 2002). Studies on benthic algae are of
great importance for better understanding of ecological consequences in aquatic habitats.
Blenckner et al. (2002) used a global climate change model (PROBE) to estimate the
ecological effects of elevated temperatures for Lake Erken. They tested the model for a
30 year period with observed meteorological data. Climate warming showed shorter
periods of ice cover and even some years being totally ice-free, that will give changes in
the mixing regime. A warmer climate could also give increased nutrient cycling and lake
productivity. All these changes could lead to an earlier spring bloom of phytoplankton
due to reduced light limitation from snow and ice cover and in turn a worse light climate
for the benthic algae.  Pillsbury and Lowe (1999) found a significant correlation between
the quantity of light and the total periphyton biovolume in acidic lakes of Michigan. The
amount of DOM (dissolved inorganic matter) can be altered with climatic changes and
thereby regulate littoral food webs. Vinebrooke and Leavitt (1998) did a three-factor
experiment, DOM, inorganic nutrients (NP) and UVR (ultraviolet radiation) in an alpine
lake in Canada. DOM significantly increased the epilithon biomass but did not affect the
epipelon or phytoplankton biomass. However, natural UVR enhanced the positive effect
on epilithon and increased the abundance of epipelon. Threefold amendments of NP
increased the epilithon abundance and the positive effect of DOM, UVR and NP
primarily increased the abundance of diatoms. The effect of DOM differs between
benthic and planktonic habitats and that is why benthic organisms are of important to
study.

   The abundance of benthic communities also varies along a depth gradient. Stevenson
and Stoermer (1981) studied the abundance of benthic algal communities in Lake
Michigan along a depth gradient. The results showed that there was a varied distribution
of algae, some population remained unchanged and others were restricted to a single
depth. A polynomial regression analyse gave a negative relationship between species
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diversity and depth. Species diversity decreasing with depth has to do with lower light
intensity and other abiotic factors influencing. Benthic algae are probably adapted to a
certain depth and maybe even to a certain colour of light.

   It has been shown that nutrients and/or predators, sometimes in combination with light,
can change the algae composition in different ways. In a control of microbenthic
communities with nutrient supply and grazing, Hillebrand et al. (2002) found a strong
direct effect on algae. Algal biomass increased with fertilization and was significantly
reduced with grazers. In Lake Erken grazers reduced algal biomass with 50% (Hillebrand
& Kahlert 2002). However, the effect of fertilization is different in different habitats.
Björk-Ramberg (1984) studied the effect in a subartic lake and found no significant
increase in biomass during fertilization and the species composition did not change.
Hillebrand (2005) made a meta-analysis of experiments where the interaction between
light supply and consumer presence were manipulated in benthic communities. That
study proved that in resource control of benthic algal biomass, light had the same
importance as nutrients and that high light levels resulted in resource vs. consumer
interaction.

   Recent studies have shown that light quantity can regulate algae biomass and
composition. For example, Steinman and McIntire (1986) did an experiment with
laboratory streams. They found that effects of light accounted for differences in species
composition. Streams with high photon flux densities seem to give a higher biomass of
filamentous green algae. Seasonally shifting limitation can also occur in streams.
Rosemond et al. (2000) manipulated irradiance in factorial experiments and found
positive effects of light on periphyton biomass and algal populations in fall. The same
effect though was not found in spring due to already high irradiance.
Pillsbury and Lowe (1999) investigated the effects of light on benthic algal communities
in four acidic lakes in northern Michigan (USA). The results showed that a relationship
between the light treatments and the total algal biovolume was significant. The maximum
diatom abundance occurred at around 10-20% of the surface PAR and the total
biovolume were significantly reduced in the dark treatments. Their conclusion was that
light is a major factor in determining the biovolume and structure of benthic algae in
acidic lakes.

   Scientists have examined the effects of light treatments in different ways, e.g. by
shading or providing light energy with bulbs in streams. Light effects have never been
tested by supplying light to lake bottoms in situ. By adding light the result can give more
information about if light is the limiting factor for benthic algae. Even the manipulation
with changing the colours of light has rarely been tested. This study deals with the effects
of light on the benthic algal community in a freshwater lake where light is dim and
spectral quality unfavorable for photosynthesis. I investigated how light quantity and
quality can change the algal composition and biomass in the littoral zone of Lake Erken,
Sweden.

 In this experiment I examine how the benthic community will change with manipulation
of light quantity (in situ) and light quality (in vitro). My hypotheses are:
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1. Benthic algal biomass and composition is regulated by light quantity. Addition of
higher light intensity than the control will give a higher biomass of benthic algae
and a difference in algal composition.

2.  Benthic algal biomass and composition is regulated by light quality. Yellow and
green light will give a higher benthic algal biomass from 15m depth than red and
blue light, hence yellow and green light is dominating in the deeper littoral.

Materials and methods

Study site

   Lake Erken is a clear mesotrophic freshwater lake in eastern Sweden
(59˚25´N,18˚15´E) near Norrtälje. The lake has a surface area of 24 km2, a maximum
depth of 23.1 m, a mean depth of 9 m and a turnover time of 7 years (Blenckner et al.
2002).

Experimental

In vitro experiment

   The in vitro experiment was performed from 24 August to 7 September 2005. A
sediment sample was taken 24 August with a Villner core sampler at a water depth of
15m and put in a dark cold-room (+4˚C) for 24h. The top layer of the sediment about
0,2cm deep was removed by a pipette and dissolved in 100ml filtrated (with GF/C, Glass
microfibre filter, ~ 0.9 µm poresize) lake water. From the suspension 0.5 ml was put in
each Petri dish with a diameter of 3.5 cm. An amount of 9.5 ml autoclaved Diatom
medium (Appendix I) was added. The algae samples were treated with different color
filters with the colours of yellow (~565-590nm), green (~520-565nm), red (~625-740nm)
and blue (~450-500nm). One treatment without filter was included (~380-740nm). Three
replicates per colour were used.

   The algae samples were then put under a white fluorescent light tube (Osram L 36W/31
LUMILUX) with the light intensity of 4.8 µEm-2s-1 , measured with a PAR–photometer
(photosynthetically active radiation photometer, 400-700nm). The temperature was 21˚C.
The light source was controlled with a timer on a continuous 8h light period and 16h dark
period. The algae cells were counted with a microscope on day 0, 1, 3, 4, 5, 6, 7, 8, 12
and 13.

Growth rate were calculated from the following equations (Andersen 2005)
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Nt = Noert          (1)

r = ln(Nt/N0)      (2)

           ∆t

k = r/0,6931       (3)

   On the last day of the experiment, the algal suspension was filtrated onto GF/C filters
and chlorophyll a was extracted with acetone (Spectrophotometry HITACHI U-1100)
(Ahlgren & Ahlgren 1976).

In situ experiment

   For the in situ experiment 3 UK (Underwater Kinetics) Lights Cannon 100 with
daylight filter were placed on the lake bottom at a depth of 7 m with about 6m in-
between. The UK lights gave a light intensity of 19µEm-2s-1 to the sediment 24 hrs a day
from 26 September 2005 10am to 18 October 2005 10am. The same intensity is found
naturally at a water depth of around 4 m. The UK lights exposed the sediments with 4
times more light compared to the controls. After the lightning period, samples from the
light exposed sediment and controls at the same water depth were taken 18 October 2005
with a Villner core by SCUBA diving. The weather was calm and sunny. The sediment
samples were placed in a dark cold- room (+4˚C). Water was removed from the samples
and the total sediment core (~3-5 cm thick) was used for the analyses, as Dreissena
mussels made it impossible to slice the top layer. Dreissena was carefully removed and
weight of the rest of the sample was measured. The samples were marked L1= light 1,
L2= light 2 and Lk1, Lk2, Lk3 for the controls. Sub samples were taken for a)
epifluorescence microscopy, b) DF, Delayed Fluorescence Excitation Spectrometry,
where the DF excitation spectrum reflects all those pigments which contribute to
photosynthesis (Gerhardt & Bodemer 1998). The samples were strained before running
DF because of shell pieces, c) Chl a analyses by freeze drying (Kollman 1995) and
acetone extraction (Ahlgren & Ahlgren 1976) and d) counting of algal cells in
microscope. Epifluorescence microscopy was used to estimate biomass of living cells
where three sub samples were analyzed from each 5 samples. Chl a sub samples were
frozen and biovolume sample preserved with Lugols.

In counting the cells the algae were poured in a 2ml chamber and counted with an
inverted microscope at 10x and 40x magnification using a squared grid. At 10x number
of cells were counted in half of the chamber (1ml) and at 40x number of cells found in
the radius of the chamber were counted. The number of cells in 40x was then multiplied
with 50 to get the number cells for 1ml.
All cells found in magnification X40 and X10 were added together and multiplied with
the dilution (1:16) and the total sample volume (10ml) and finally divided with the area
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of the core (32,17 cm2) to get cells/cm2. All statistical were done with the software
package Statistica (Stat Soft, version 6.0).

Results

In vitro experiment

Algae composition

   The dominated species from 15m depth were diatoms, both planktic (e.g. Aulacoseira)
and benthic (e.g. Surirella, Navicula, Gyrosigma sp., Epithemia, Gomphonema sp. and a
small round algae probably Stephanodiscus sp). Other diatom species as Fragillaria sp.,
and Asterionella were common. Green algae such as Pediastrum and Staurastrum and
species of blue-green algae were also found.

Algae biovolume

   All algae cells with replicates in the colour treatments, daylight (~380-740nm), yellow
(~565-590nm), red (~625-740nm), blue (~450-500nm) and green (~520-565nm), from
counting with a microscope were plotted in a graph showing that algae grew
exponentially under all light quality conditions (Fig.1).

Light quality experiment
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Figure 1 In vitro experiment 7 September 2005. A sediment sample was taken from Lake Erken at a water
depth of 15m to make algae analyses. Living cells where counted in a microscope on day 0, 1, 3, 4, 5, 6, 7,
8, 12 and 13 during the colour experiment. Log total number cells from the colour treatment daylight
(~380-740nm), yellow (~565-590nm), red (~625-740nm), blue (~450-500nm) and green (~520-565nm).
The algae grew exponentially in all colour treatment.
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The two dominated planctic diatom algae, Aulacoseira and Stephanodiscus sp. and other
benthic diatoms were plotted in graphs (Appendix II-VI) and used for calculation of
growth rate.

Stephanodiscus sp. reached the highest number of cells at all wavelength compared to
Aulacoseira and other benthic diatoms. Though, number Stephanodiscus sp. cells in green
light (~520-565nm), replicate 2, decreased after day 8 (Appendix II, Fig. 2). The same
trend appeared in daylight (~380-740nm) for replicate 1 after day 7 (Appendix VI,
Fig.14) and in blue light (~450-500nm) for all replicates after day 7 (Appendix V, Fig.
11).
Aulacoseira cells were highest in yellow light (~565-590nm) for all 3 replicates
compared to the other colour treatments (Appendix III, Fig. 4) The average of cell
number for Aulacoseira in all colours were around 10-60 but the fluctuations were high
during the treatments (Appendices II-VI, Fig. 1, 7, 10, 13). In green light (~520-565nm)
replicate 2 decreased from day 8 (Appendix I, Fig. 2). In blue light (~450-500nm)
replicate 1 and 2 decreased after day 7 and also Aulacoseira replicate 3 decreased
(Appendix V, Fig. 10).
For benthic algae the average of the 3 replicates the last day 13 for each colour, showed
highest cell number in yellow light (~565-590nm) (Appendix III, Fig. 6) and next highest
in green light (~520-565nm) (Appendix II, Fig. 3).

Growth rate

   Growth rate (k) was calculated with equation 1-3 from an exponentially growth section
in each graph for all replicates, e.g. Stephanodiscus sp. replicate 2 in green colour from
day 4 to 8 (Appendix II, Fig. 2).

Table 1 In vitro experiment 7 September 2005. A sediment sample was taken from
Lake Erken at a water depth of 15m to make algae analyses. Growth rate (k) calculated
from equation 1-3 for each colour treatment with 3 replicates.

Color Aulacoseira Stephandiscus Benthos
Green (~520-565nm) 1,01 1,03 0,92

0,2 1,13 1,66
1,16 0,82 0,90

Yellow (~565-590nm) 0,51 0,84 2,5
1,48 1,12 1,06
1,36 1,25 2,87

Red (~625-740nm) 0,39 0,39 0,65
0,55 0,9 1,23
1 0,98 1,66

Blue(~450-500nm) 1,68 1,05 2,12
0,69 1,17 3
0,5 1,25 1,27

Daylight (~380-740nm) 0,35 0,72 1,09
0,55 1,06 2
0,26 1,27 1,06
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The analysis with Statistica, multivariate analyses of variance (MANOVA) Wilks Test
with p = 0,552, showed no significant relation between colour treatment and growth rate.

 Aula

 Stepha

 Benth
green yellow red blue daylight

colour

-1,0

-0,5

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

k-value

Figure 2 In vitro experiment 7 September 2005. A sediment sample was taken from
Lake Erken at a water depth of 15m to make algae analyses. Result from multivariate
analyses of variance ( MANOVA) Wilks Test p=0,55160 showing no significant
relation between  colour treatment and growth rate (k).

Chlorophyll

   The average content of chlorophyll a (µg/glass vial) was highest for yellow colour (3,2)
and next highest for green colour (2,86) (Tab.2). The result from total cell number the last
day of the experiment showed the opposite pattern. Highest number of cells was found in
green colour and next highest in yellow. For the other colours the highest Chl a and cell
number agreed in the order; red, daylight and blue.

Table 2 In vitro experiment 7 September 2005. A sediment sample was taken from Lake Erken at a water
depth of 15m to make algae analyses. Result from chlorophyll a analyses (µg/glass vial) for each replicate
and colour treatment, green (~520-565nm), yellow (~565-590nm), red (~625-740nm), blue (~450-500nm)
and daylight (~380-740nm).
Green Yellow Red Blue Daylight
4,3 2,9 2,3 1,3 0,7
0,5 3,2 2,5 1,0 2,7
3,8 3,5 2,4 0,9 2,0
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In situ experiment

   One of the UK (Underwater Kinetics) Lights Cannon 100 with daylight filter burned
out after halftime and had to be excluded from the experiment. The samples were marked
L1= light 1, L2= light 2 and Lk1, Lk2, Lk3 for the controls. The UK lights exposed the
sediments with 4 times more light compared to the controls.

Algae composition and biovolume

   In the microscopic analysis diatom species like Aulacoseira, Fragilaria and benthic
algae were dominated for all 5 samples. Examples of blue-green algae Anabaena and
Merismopedia, diatoms like Nitzschia and Asterionella and green algae like Odeogonium,
Staurastrum and Pediastrum were also found.

Species were separated into a planktic and a benthic group to see if there were any
differences between light and control samples. Sample Lk2 showed the next highest
content of algal cells/cm2 after Lk1 (Fig. 3). The proportion of benthic algae was almost
the same in all samples, around 20-30%, except for L1 that had around 5%.
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Figure 3 In situ experiment made 8 October 2005 in Lake Erken at a water depth of 7m. Results from the
sediment sample where cells were counted in a microscope from light samples L1= light 1, L2= light 2 and
for the controls Lk1, Lk2, Lk3. The proportion benthic algae were around 5-30% in the samples and
highest algal cells/cm2 was found in sample Lk1.
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Analyses from epifluorescence showed a mean value from around 1,5 to 10% living cells
in the samples, with the highest (10%) living cells in the light sample L1 and lowest in
the light sample L2 (1,2%). The highest Standard Deviation had control sample Lk3 with
living cells from 1,7-7,1%. (Fig. 4).
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Figure 4 In situ experiment made 8 October 2005 in Lake Erken at a water depth of 7m.
Result from epifluorescence analyses for samples L1 = light 1, Lk1 = control, L2 = light 2,
Lk2 and Lk3 = controls. Living cells in % varied from 1,2% in L2 to 10% in Lk1.

Chlorophyll

   The content of chlorophyll a (µg /cm2 ) measured with spectrophotometer was highest
in Lk2 (36,17) and lowest in Lk1 (14,39) (Tab. 3). According to the DF analyses sample
Lk1 had the highest total chlorophyll content (2,9 µg/l) and L2 the lowest (0,40 µg/l).
The other samples had chlorophyll contents between 1,06 and 0,72 (Tab.3)

 Table 3 In situ experiment made 8 October 2005 in Lake Erken at a water depth of 7m. Chlorophyll a
(µg /cm2 ) from spectrophotometer analyses and total chlorophyll from DF analyses for light samples,
L1= light 1, L2= light 2 and for the controls Lk1, Lk2, Lk3.

Samples L1 L2 Lk1 Lk2 Lk3
Chl a (µg /cm2 )
(spectrophotometer)

16,91 14,77 14,39 36,17 22,53

Tot Chl (µg/l )
(DF)

1,06 0,40 2,91 0,72 1,91
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   Analysis of chlorophyll with DF method showed that diatoms dominated in all samples.
Sample L2 had the highest proportion of diatoms and Lk1 the lowest. Green algae were
found in all samples and also some blue-green algae, except in Lk3 (Tab. 4).

Table 4 In situ experiment made 8 October 2005 in Lake Erken at a water depth of 7m.
Results from DF analyses shown in % for different distribution of different chlorophyll pigments
in algal groups. Diatoms dominated in all samples.

Samples L1 L2 Lk1 Lk2 Lk3
Diatoms 62,17 64,39 46,60 57,26 46,99
Greens 11,33 8,75 15,54 19,91 35,50
Blue-
greens

3,14 7,65 12,94 6,16 0

Discussion

In vitro experiment

   The relationship between light treatment and growth rate was not significant
(p =0,552). The algae did not grow better in any of the colours, green (~520-565nm),
yellow (~565-590nm), red (~625-740nm), blue (~450-500nm) and daylight (~380-
740nm) and the algae composition was not significantly different between treatments.
Benthic algae biomass and composition was not regulated by light quality. Even though
the experiment was performed in a proper way the results have not given enough proof to
accept hypothesis 2.

   I expected that different colour treatment would give a difference in algae biomass and
composition. Green and yellow light are dominating in the deeper littoral (Strömbäck
2001) so I expected that the algae, especially benthic algae, would grow better in the
green and yellow light treatments. Red and blue light is dominating in the upper littoral
and therefore I expected planctic algae to grow better in red and blue light. The daylight
treatment with all wavelengths would have given the highest biomass of all treatments,
but it did not.

   The explanation to the result could be that algae have no request for certain colour and
can grow at different qualities. According to Hill (1996) spectral quality is less important
than light intensity.
The benthic diatom alga seemed to grow faster than Aulacoseira and Stephanodiscus sp.
at all colours (Fig. 2). One explanation could be that the benthic algae is adapted to low
light intensity and therefore grows faster. The result can be explained with some other
factors such as predation. There were a lot of animals seen in all samples at the end of the
experiment and that could be the reason why some of the replicates rapidly decreased in
cell number (Appendix V, Fig. 11). Grazer effect may become stronger at high light
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supply and high light may also favour easily ingested algal growth (Hillebrand 2005) and
that could be the reason for the low number of cells in daylight treatment.

   The exponentially growth of Stephanodiscus sp. in blue light (Appendix V, Fig. 11) had
a high growth rate (Tab.1), average 1,15. Stephanodiscus sp. seemed to grow best in blue
colour. The rapid growth resulting in high cell numbers probably made algae space-
limited. The combination with competition of resource, grazer effect and space-limitation
could have been the reason to decreased cell number. According to McCormick 1996
resource competition can lead to reduction in the population density and its extinction.

   Aulacoseira had large fluctuations in cell number (Appendices II-VI, Figs. 1, 4, 10, 13)
from day to day but seemed to be more stable at the end of the experiment, except for the
experiment with blue light (Appendix V, Fig.10). Probably the experiment duration was
too short to give any variations between the colour treatments. There seemed to be more
responses at the end of the experiment and the results could have been different with
longer duration time. Though, it was impossible for some of them, e.g. Aulacoseira
(Appendix V, Fig. 10) and Stephanodiscus (Appendix V, Fig. 11) to grow in blue light
any more because most of the populations died or became too many for the limited space.

   The result can also be explained with some practical problems. For example, some of
the sample in green colour leaked during the algal suspension filtration before the
chlorophyll analysis with spectrophotometer was made. The chlorophyll a value
(µg/glass vial) for one replicate in green colour (Tab. 2) should probably be higher than
0, 5. Growth rate (k) was difficult to estimate from each replicate because of the
fluctuations in cell growth and had to be calculated from the best (from an eye point of
view) exponentially growth in the graphs (Appendix V, Fig. 10). That k-value is probably
not represented for the whole growth period of each replicate.

In situ experiment

   Algal cells/cm2 was highest in the light controls (Fig. 3). The added light in L1 and L2
do not seem to have any influence on the algae growth during this length of the
experiment. Diatoms dominated in all the samples and the proportion of planctic algae
was higher than benthic algae. The % living algae measured from epifluorescence and
total chlorophyll from DF analyses were in general not higher for the light samples than
the controls. The result can not give support to accept hypothesis 1. Benthic algae
biomass and composition was not regulated by light quantity.

   I expected that the light samples would have higher benthic algae biomass and different
algae composition than the controls. However, DF value does not give an indication of
the composition of benthic algae in the sample. DF values measures probably only living
cells while spectrophotometer measures chlorophyll from both living and dead cells. The
result may also indicate that benthic algae are adapted to extremely low-light habitat and
unable to effectively use more light (Wetzel 2001). Photosynthesis in benthic algae can



13

be saturated at a light supply of 10 % of surface PAR (Frost & Elser 2002). Light alone is
probably not the only factor regulating benthic algae biomass and composition. The
ecosystem in a lake is complex and all factors, both abiotic and biotic influence the
environment. Another factor to consider is that some of the benthic algae are motile
(Werner & Köhler 2005) and maybe the increased light on the sediment in the experiment
made several more benthic algae motile. This could be one explanation to the low benthic
content in L1 (Fig. 3).       

   The result can also be explained with some practical problems .This experiment has
never been tried before, as far as I know, and some complications appeared. One of the
light replicate burned out before the experiment time was over and had to be excluded.
The replicates are important and with only two lights the result is less trustworthy.
Another problem not predicted was the Dreissena mussels on the lake sediment
everywhere who made the collection of the samples difficult. They also made it
impossible to slice the core and the whole core had to be used for all samples. The
mussels could have contributed with shade on the sediment and the alga. Algal cells that
are attached on the sides of a three dimensional substrata receive less direct light than
cells on top (Hill 1996). It was also difficult to know how much of the benthic algae that
were attached on the mussels. The hard mussel shells could also have contributed to
damages on algae chloroplast leading to algae cell death.
Delayed fluorescence, DF, analyses for L2 (light 2) and Lk2 (control 2) were done 3 days
after the other samples. New sample were taken from the original sample and because of
algae were kept in less water the risk of more dead cells can be the reasons to the low Chl
values (0,40 and 0,72) from DF compared with the other samples (Fig. 5, 7).

   This method has to be developed and more in situ experiments are needed in order to
evaluate how the benthic algae respond to added light. It is necessary to have a longer
exposition time and even implemented two or more experiments over the seasons.

Acknowledgments

I gratefully thank my supervisor Maria Kahlert for sharing her enormous knowledge and
energy with me. “You really like these algae and I had a great time”, Kurt Pettersson for
all fun stories, Björn for his patience and practical help that made the field experiment
possible, Christer and Conny for giving me lifts home and all staff at the Erken
Laboratory and Naturvatten for practical help and support.



14

References

Ahlgren & Ahlgren.1976. Water chemical analyses. Limnologiska inst. Uppsala
University.

Andersen, R.A. 2005. Algal culturing techniques. Elsevier Academic Press.

Björk-Ramberg, S. 1984. Species composition and biomass of an epipelic algal
community in a subartic lake before and during lake fertilization. Holartic Ecology 7:
195-201.

Björk-Ramberg, S. & Ånell, C. 1985. Production and chlorophyll concentration of
epipelic and epilithic algae in fertilized subartic lakes. Hydrobiologia 126: 213-219.

Blenckner, T., Omstedt, A.& Rummukainen, M. 2002. A Swedish case study of
contemporary and possible future consequences of climate change on lake function.
Aquatic Sciences 64: 171-184.

CCAP culture collections of algae and protozoa (2005).
www.ccap.ac.uk/media/recipes.htm#

Cyr, H. 1998. How does the vertical distribution of chlorophyll vary in littoral sediments
of small lakes? Freshwater biology 39: 25-40.

Foerster, J., Gutowski, A. & Schaumburg, J. 2004. Defining types of running waters in
Germany using benthic alga prerequisite for monitoring according to the Water
Framework Directive of the European Union (EU-WFD). Journal of Applied Phycology
16: 407-418.

Frost, P. C. & Elser, J. J. 2002. Effects of light and nutrients on the net accumulation and
elemental composition of epilithon in boreal lakes. Freshwater Biology 47: 173-183.

Gerhardt, V. & Bodemer, U. 2000.  Delayed fluorescence excitation spectroscopy: A
method for determining phytoplankton composition.  Limnology and Lake Management
2000+. Proceedings of the Kinneret. Symposium, Ginnosar, Israel, Sept. 1998. no. 55, pp.
101-120. Advances in limnology. Stuttgart [Adv. Limnol.]. 2000.

Graham, L.E. & Wilcox, L.W. 2000. Algae. Prentice-Hall, Inc.

Hansson, L-A. 1992. Factors regulating periphytic algal biomass. Limnology and
Oceanography 37: 322-328.

Hillebrand, H. & Kahlert, M. 2002. Effect of grazing and water column nutrient supply
on biomass and nutrient content of sediment microalgae. Aquatic Botany 72: 143-159.



15

Hillebrand, H, Kahlert, M., Haglund, A-L., Berninger, U-G., Nagel, S.& Wickham, S.
2002. Control of microbenthic communities by grazing and nutrient supply. Ecology 83:
2205-2219.

Hillebrand, Helmut. 2005. Light regime and consumer control of autotrophic biomass.
Journal of Ecology 93: 758-769.

Hill, W. 1996. Effects of Light. Algal Ecology - Freshwater Benthic Ecosystems (eds R.J.
Stevenson, M.L Bothwell & R.L. Lowe), 5: pp. 121-148. Academic Press, New York

Kollman, V. 1995. Freeze Drying makes the difference. http://www.pine-acres-nursing-
home.com/dr_kollman/1_freeze-drying.htm. Last modified on 24 September 2004.

McCormick , P.V. 1996. Resource competition and species coexistence. Algal Ecology –
Freshwater Benthic Ecosystems (eds R.J. Stevenson, M.L Bothwell & R.L. Lowe), 8: pp.
229-252. Academic Press, New York.

Pillsbury, R. W. & Lowe, R. L. 1999. The response of benthic algae to manipulations of
light in four acidic lakes in northern Michigan. Hydrobiologia 394: 69-81.

Rosemond, D., Mulholland, P. J. & Brawley, S.H. 2000. Seasonally shifting limitation of
stream periphyton: response of algal populations and assemblage biomass and
productivity to variation in light, nutrients and herbivores. Canadian journal of fisheries
and aquatic sciences 57: 66-75.

Steinman, A.D. & McIntire, C. 1986. Effects of current velocity and light energy on the
structure of periphyton assemblages in laboratory streams. Journal of Phycology 22: 352-
361.

Stevensen, R.J, Bothwell, M.L & Lowe, R.L. 1996. An Introduction to Algal Ecology in
Freshwater Benthic Habitats. Algal Ecology - Freshwater Benthic Ecosystem, 1: pp.3-30.
Academic Press, USA.

Stevenson, R. J. & Stoermer, E. F. 1981. Quantitative differences between benthic algal
communities along a depth gradient in Lake Michigan.  Journal of Phycology 17: 29-36.

Strömbeck, N. 2002. Water Quality and Optical Properties of Swedish Lakes and Coastal
Waters in Relation to Remote Sensing. Dep. Of Limnology, EBC. Uppsala University.
Ph.D. thesis.

Vinebrooke, R.D. & Leavitt, P.R. 1998. Direct and interactive effects of allochthonous
dissolved organic matter, inorganic nutrient and ultraviolet radiation on an alpine littoral
food web. Limnology and Oceanography 43: 1065-1081.



16

Werner, P. & Köhler, J. 2005. Seasonal dynamics of benthic and planktonic algae in a
nutrient-rich lowland river (Spree, Germany). International Review of Hydrobiology 90:
1-20.

Wetzel, R.G. 2001. Limnology. Lake and River Ecosystems. Third Edition. Academic
Press, USA.

Wulff, A., Nilsson, C., Sundbäck, K., Wängberg, S-Å. & Odmark, S. 1999. Microbenthic
communities in a changing light environment with emphasis on UVB radiation. Botanical
Institute, Göteborg.



17

Appendix I In vitro experiment (light quality) -
 Diatom medium for freshwater algae

Stocks                                                               per 200 ml

        (1)    Ca(NO3)2·4H2O                           4.00     g
        (2)         KH2PO4                                              2.48     g         
        (3)   MgSO4·7H2O                          5.00     g
        (4)   NaHCO3                                      3.18     g
        (5)   EDTAFeNa                                    0.45     g
                      EDTANa2                                     0.45     g
        (6)  H3BO3                                       0.496   g
                      MnCl2·4H2O                                  0.278   g
                     (NH4)6Mo7O24·4H2O                0.20     g
        (7)       Cyanocobalamin                                8.00     mg
                 Thiamine HCl                        8.00     mg
            Biotin                                    8.00     mg
        (8)      NaSiO3·9H20 (Sigma S4392)      11.4   g

Medium
Stock solutions 1 - 8           1.0 ml each

Instructions:

Make up to 1 liter with deionized water. Adjust to pH 6.9 with 1M HCl. Dispense to
suitable vessels and autoclave at 15 psi for 15 minutes.

Reference: CCAP (2005)
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Appendix II In vitro experiment (light quality) –
a sediment sample from Lake Erken at 15m water depth was
taken for counting algae cells in microscope.

Aulacoseira in green light
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Figure 1 Cell number of Aulacoseira for each replicate in green light.

Stephanodiscus sp. in green light
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Figure 2 Log cell number of Stephanodiscus sp. for each replicate in green light.
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Figure. 3 Log cell number of benthos for each replicate in green light.
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Appendix III In vitro experiment (light quality) -
a sediment sample from Lake Erken at 15m water depth was
taken for counting algae cells in microscope.

Aulacoseira in yellow light
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Figure 4 Cell number of Aulacoseira for each replicate in yellow light.

Stephanodiscus sp. in yellow light
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Figure 5  Log cell number of Stephanodiscus for each replicate in yellow light.
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Figure 6 Log cell number of benthos for each replicate in yellow light.
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Appendix IIII In vitro experiment (light quality) -
a sediment sample from Lake Erken at 15m water depth was
taken for counting algae cells in microscope.

Aulacoseira in red light
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Figure 7 Cell number of Aulacoseira for each replicate in yellow light.

Stephanodiscus sp. in red light
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Figure 8 Log cell number of Stephanodiscus for each replicate in red light.

Benthos in red light
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Figure 9 Log cell number of benthos for each replicate in red light.
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Appendix V In vitro experiment (light quality) -   
a sediment sample from Lake Erken at 15m water depth was
taken for counting algae cells in microscope.

Aulacoseira in blue light
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Figure 10 Cell number of Aulacoseira for each replicate in blue light.

Stephanodiscus sp. in blue light
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Figure 11 Cell number of Stephanodiscus for each replicate in blue light.
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Figure 12 Log cell number of benthos for each replicate in blue light.
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Appendix VI In vitro experiment (light quality) -
a sediment sample from Lake Erken at 15m water depth was
taken for counting algae cells in microscope.

Aulacoseira in daylight
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Figure 13 Cell number of Aulacoseira for each replicate in daylight.

Stephanodiscus sp. in daylight
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Figure 14 Log cell number of Stephanodiscus for each replicate in

Benthos in daylight
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Figure 15 Log cell number of benthos for each replicate in daylight.
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