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Abstract 

The aim of this study was to assess whether geothermal effluent from the Krafla power 

plant, which runs into the stream Hlíðardalslækur, affects the stream algal biomass and 

community structure. The site is located in northeast Iceland and about 10 % of the 

geothermal effluent from the power plant is discharged into the stream Hlíðardalslækur. 

In order to address the aim of the study, basaltic tiles were installed in the stream in July 

2015 at four different stations: one upstream from the discharge (KR1-2), one shortly 

downstream of the discharge (KR1-4), one further downstream from the discharge 

(KR1-6) and one in the tributary (KR2-2) between KR1-4 and KR1-6, which was the 

control stream. Samples from these tiles were collected in October 2015, January and 

June 2016. The chlorophyll a concentration was measured using spectrophotometry and 

the algae were identified in microscope with 200-400 times magnification. The algae 

were classified to genus level and the cells with chloroplasm were counted. The cell 

density of each genus (cells per cm2 of tile), the fraction of total number of cells for 

each genus and total cell density were calculated. The temporal variation in chlorophyll 

a concentration was more prominent than the spatial variation, with the lowest 

concentrations in January for all stations and highest in October for station KR1-4. 

The highest diversity in the algal community was at the reference station (KR2-2) and 

the lowest just downstream the discharge site (KR1-4). Diatoms dominated the algal 

community at KR2-2, while they were practically absent at KR1-4. The cell density of 

cyanobacteria was much higher at KR1-4 (below power station) than at the upstream 

KR1-2. Considering the unaffected station KR2-2 as control, the effluent has a large 

impact on the algal community at the discharge site. The biomass (chlorophyll a) 

increased, the diversity decreased and diatoms were practically absent. The results 

indicated that the algal ecosystem recovers with increasing distance from the discharge 

site, as the diversity at KR1-6 was higher than at KR1-4. However, the algal community 

was not as diverse as in the control stream, KR2-2. The conclusion is that the effluent 

does have a significant impact on the algal community but it is fairly localized to the 

discharge site.   
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Sammanfattning 

I denna studie undersöktes populationsstruktur och biomassa av alger och 

cyanobakterier i bäcken Hlíðardalslækur på nordöstra Island. Bäcken är recipient till 

geotermiskt processvatten från Krafla kraftverk som ligger längs med bäcken. Syftet 

med studien var att undersöka om, och hur, det geotermiska processvattnet påverkar 

primärproducenterna i bäcken. I juli 2015 placerades basaltbrickor i bäcken för att 

koloniseras av alger och cyanobakterier. Brickorna placerades på botten vid fyra 

stationer: uppströms kraftverket, strax nedströms kraftverket, några kilometer nedströms 

kraftverket samt i en bäck som rinner samman med Hlíðardalslækur och fungerade som 

referens. Provtagning av brickorna gjordes i oktober 2015, januari 2016 och juni 2016. 

Klorofyll a koncentrationen mättes med hjälp av spektrofotometri och alger 

klassificerades under mikroskop med 200 - 400 gångers förstoring. Alger med 

kloroplast klassificerades på klassnivå, antal celler räknades och biovolymen 

uppskattades. Celldensiteten av varje klass (antal celler per cm2 av bricka), andelen av 

det totala antal celler för varje klass och totala celldensiteten beräknades. 

Resultaten visade att den tidsmässiga variationen i klorofyll a koncentration var 

tydligare än den rumsliga. Den lägsta koncentrationen mättes i januariproverna för alla 

stationer. Den högsta koncentrationen i stationen strax nedströms utloppet uppmättes i 

oktoberproverna, medan den för referensbäcken och längre nedströms utloppet 

uppmättes i juni. Koncentrationen i proverna från stationen strax nedströms utloppet var 

högre än i de från uppströms utloppet samtliga provtagningsmånader. Högst antal 

klasser identifierades i prover från referensbäcken medan lägst antal identifierades i 

prover från stationen strax nedströms utloppet. I referensbäcken utgjordes populationen 

till största del av kiselalger medan den strax nedströms utloppet främst utgjordes av 

cyanobakterier och i princip inga kiselalger. Celldensiteten av cyanobakterier var 

betydligt högre strax nedströms utloppet än uppströms. I prover från stationen längre 

nedströms utloppet identifierades fler klasser, inklusive kiselalger och kvävefixerande 

kiselalger var särskilt vanliga.  

Resultaten visade att det geotermiska processvattnet har en betydande påverkan på 

primärproducenterna i bäcken. Biomassan ökade vid utloppet, diversiteten minskade 

och flertalet klasser blev fullständigt frånvarande. Resultaten indikerade även en 

återhämtning nedströms kraftverket, då diversiteten var högre i prover från KR1-6 än 

från KR1-4. Dock var diversiteten vid KR1-6 inte lika hög som i referensbäcken, och 

kvävefixerande klasser var mer förekommande i KR1-6 prover. Slutsatsen var att det 

geotermiska processvattnet har en betydande påverkan på algpopulationen men den är 

begränsad till området vid utloppet.  
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1.  INTRODUCTION 

Geothermal energy is considered to be a renewable and environmentally friendly energy 

option. In comparison with fossil fuel, the geothermal energy has a much smaller impact 

on the climate and environment. This ”green” energy source is however not without 

environmental impact. Utilizing geothermal heat for electricity production causes 

emission of gases and changes in the local environment.  There is also a need for 

disposal of geothermal effluent (Kristmannsdóttir & Ármannsson, 2003). In Iceland, 

about 85 % of the primary energy was produced with renewable energy sources 

(geothermal, hydropower and wind power) in 2014. All the electricity produced in 

Iceland comes from renewable resources, with geothermal sources accounting for 29 % 

and hydropower 71 % (National Energy Authority of Iceland, n.d.). The total electricity 

production from Landsvirkjun Power Company in 2015 was 13,589 GWh 

(Landsvirkjun, 2015), about 75 % of the total electricity in Iceland (Landsvirkjun, n.d.-

b).  

Geothermal effluent can be disposed of by pumping it back into the ground through 

boreholes. The geothermal effluent from Krafla power station is partially pumped back 

into the ground, but a fraction of it is discharged into the stream Hlíðardalslækur, which 

was the subject of this study. The aim of this study was to assess whether the 

geothermal effluent has an impact on the algal biomass and community structure. The 

questions to be answered were the following: 

 

• How does the biomass and community structure of algae differ with location? 

• How does the biomass and community structure differ in time? 

• Is there any correlation in the results between algal community and the 

geothermal effluent? 

 

1.1  Krafla Power Station 

The power station of interest in this project is the Krafla power station, located in 

northeast Iceland (Figure 1). Krafla power station is run by Landsvirkjun, the National 

Power Company of Iceland. The Krafla geothermal field is one of the three largest in 

Iceland. The volcanic system is rich in active fissures and the ground has high hydraulic 

conductivity, which facilitates the geothermal field. Water percolates through the 

ground, is heated at depth by magma intrusions and rises to the surface. The geothermal 

field is categorized as high-temperature, which means that the temperature at 1 km 

depth is above 200 °C (Guðmundsson, 2010). The high-temperature geothermal activity 

creates underground steam chambers. Through drilled boreholes, steam is led to the 

surface and by condensation electricity is produced. The construction of the power plant 

began in 1974 and the production started in 1978. In 1999 the station operated at 60 

MW capacity (Mannvit, n.d.). The power generation capacity of the station is 500 GWh 

per year (Landsvirkjun, n.d.-a).  
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Figure 1 Iceland and the location of the Krafla Power Plant. Map obtained from Google 

Earth.  

1.2  Hlíðardalslækur and the geothermal effluent 

Hlíðardalslækur, sometimes referred to as Dallækur, originates from the geothermal 

field of Krafla. Small springs and streams of intermediate temperature flow downhill 

and merge to form the stream that flows past the power plant. Some of the springs 

which it originates from are hot, up to 50 °C, while others are cold. Downstream from 

the power station, one additional tributary merges with the stream. The stream runs into  

the lava fields of Búrfellshraun, where it forms a lagoon and percolates down through 

the lava bedrock. The groundwater in the Krafla area flows from north and east towards 

south (Guðmundsson, 2010). In September 1975, the natural discharge of the stream 

was measured to 87 l/s and the chemical composition indicated a mixture of cold 

groundwater and geothermal water (Ármansson, 2003). 

The geothermal effluent that enters the stream is made up of separation water, water 

from the boreholes, condensed water from the steam and cooling water. At the 

separation unit, the geothermal fluid is separated into water and steam. In 2010, the 

separation unit produced 170 l/s of wastewater. Then, about 40 % of the water was 

pumped down into a borehole, the remaining 60 % was released into the stream. 

Previously, all the separation water and the condensation water was released to 

Hlíðardalslækur stream. In addition to separation water, a total of 80 l/s of cooling water 

and condensation water was released (Guðmundsson, 2010). In 2014, an additional 

borehole was used to pump down geothermal effluent in which about 50 l/s was 

pumped down. The power plant then produced 143 l/s of geothermal effluent, 125 l/s 

(87 %) of which was pumped back into the geothermal system. The remaining 13 %, a 

total of about 115 l/s, was released into the stream (Mannvit, Landsvirkjun, 2014). The 

current effluent discharge is somewhat lower, but the exact volume is unknown. 

The impacts of geothermal effluent from Krafla power station have often focused on the 

risk of pollution of Lake Mývatn, an eutrophic lake southwest of Krafla. The high flow 

velocity of the groundwater leads to great dilution of the geothermal effluent once it 
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percolates from the stream. The impact of the power plant is thought to be small 

compared to the natural state of the groundwater in the area, except in Hlíðardalslækur 

where the geothermal effluent is detectable (Ármannsson, 2002). The power station has 

had a large impact on the stream, particularly the northern part where the geothermal 

effluent is released. Compared to two colder streams upstream the power plant, the 

northern part of Hlíðardalslækur shows a different benthic environment (Guðmundsson, 

2010). There the temperature, discharge and bottom precipitation has increased, the pH 

has decreased and the chemical composition has changed. Benthic cyanobacteria in the 

northern part of the stream suggest an environment similar to that of hot springs. 

Downstream, the amount of cyanobacteria as well as temperature decreases. The 

number of species of macroinvertebrates is lower, the diversity is less and the density is 

lower in north Hlíðardalslækur. An explanation to this could be the lower pH and 

temperature fluctuations caused by the geothermal effluent. Point measurements in this 

part of the stream showed fluctuations in temperature from 14 °C to 40 °C 

(Guðmundsson, 2010). 

 

The concentration of metals and trace elements were measured in the northern part of 

the stream in september 2008. The chromium concentration was 0.46 g/l and the 

concentration of arsenic was 11.7 g/l. In the separation water the concentration of 

chromium and arsenic was 0.04 g/l and 28.1 g/l, respectively. In the cooling water 

the concentrations were 0.89 g/l and 1.4 g/l (Guðmundsson, 2010). According to the 

legislation of protection against water pollution, the threshold concentration for little to 

no impact on organisms for chromium is 0.3 g/l and for arsenic 0.4 g/l. This puts the 

concentrations in the category of “little risk of effects on organisms”. The concentration 

of arsenic in the separation water is categorized as “effects to be expected” (Ministry for 

the Environment and Natural Resources, n.d.). 

2.  THEORY 

Cyanobacteria are common in freshwaters and range in size from microscopic 

unicellular to large colonial organisms. The nitrogen fixing cyanobacteria have 

heterocysts that facilitate nitrogen fixation. There are also genera of cyanobacteria 

lacking heterocysts and therefore lack the ability to fixate nitrogen from the atmosphere. 

Cyanobacteria can form dense mats and may bloom in eutrophic waters. Green algae 

too range in size from microscopic unicellular to large filamentous colonies, and can be 

planktonic or benthic. It is a very diverse group of algae and the environmental 

preferences vary significantly between species. Compared to green algae, yellow-green 

algae are not so diverse. The genera Tribonema is usually planktonic but can grow 

attached in the beginning of its lifecycle.  

 

Diatoms are single cells, simple colonies or chains of cells. They are abundant both in 

planktonic and benthic communities. In freshwater diatoms compose a major part of the 

algal biomass and contribute greatly to the primary production. Diatoms can be present 

early in the colonization and are a major component of biofilms also later in the 

periphyon community. Like cyanobacteria, planktonic diatoms can bloom in eutrophic 

waters (Bellinger & Sigee, 2015). The diatom genera Epithemia and Rhophalodia are 

nitrogen fixing, thanks to their development of a symbiotic association with a 

cyanobacterium (DeYoe, Lowe, & Marks, 1992). 
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Algae and cyanobacteria growing on substrate surfaces are referred to as periphyton, in 

addition to heterotrophic bacteria. The periphyton communities growing on the stream 

bed are refered to as benthic community. Submerged substrates can sustain autotrophic 

communities as long as they receive sunlight (Allan & Castillo, 2007; Hauer & 

Lamberti, 2007). Autotrophs play a fundamental role in stream ecosystems, producing 

oxygen during photosynthesis, they are the base of the food web. They constitute the 

interface between the abiotic and biotic components and are therefore good water 

quality indicators. Since each species in the community has its own tolerances and 

preferences, the community structure gives information about the environment they live 

in. Since many benthic algae and cyanobacteria have short life-cycles, they respond 

rapidly to changes in their environment which is another beneficial quality as indicators 

(Hauer & Lamberti, 2007). In certain conditions, green algae and cyanobacteria can 

dominate the periphyton community but diatoms are often the most abundant species 

(Allan & Castillo, 2007; Hauer & Lamberti, 2007).  

 

There are many factors that can potentially affect the periphyton. These include light, 

temperature, current, substrate, water chemistry and predation. Generally, the primary 

production increases with increasing sunlight. There are indications that diatoms 

dominate at lower light levels and filamentous green algae, cyanobacteria and yellow-

brown algae dominate at higher light levels. However, there can be limiting factors in 

the environment. An example of a limiting factor is concentration of nutrients. In 

running waters, the current brings a renewal of nutrients, gases and other materials. 

High currents or water fluxes, such as during snowmelt, can scour the substratum (Allan 

& Castillo, 2007). In nutrient poor freshwater, inorganic phosphorous is usually a 

limiting nutrient. When the Redfield ratio (atomic ratio of nitrogen v.s. phosphorous) 

falls below 16:1 nitrogen becomes the limiting nutrient, in theory. Because some 

cyanobacteria, and some diatoms, can fixate nitrogen from the atmosphere, they tend to 

become more abundant under nitrogen limited conditions. Silicate can become limiting 

for diatoms, as their frustulas are composed of silicate (Allan & Castillo, 2007).  

 

Icelandic streams located in geothermal fields are usually nutrient poor due to the 

basaltic bedrock and they are rarely shaded, as the vegetation is usually sparse in the 

catchment area. Icelandic streams therefore tend to be nutrient limited, rather than light 

limited. Nitrogen rather than phosphorus is the limiting nutrient in geothermally active 

areas (Guðmundsdóttir, 2012). Diatoms have been found to be sensitive to 

environmental changes, such as changes in nutrient concentration and pollution. They 

tend to respond quickly and positively to nutrient enrichment. Cyanobacteria on the 

other hand have been found to either increase or decrease with nutrient enrichment, 

depending on the species (Gudmundsdottir et al., 2013). The effect of nitrogen 

enrichment and temperature changes in Icelandic streams in Hengill geothermal area 

was studied by Gudmundsdottir et al. (2013). The streams were of different 

temperature, from 7.1 to 21.6 °C. In the warmest streams the dominating genra of 

diatoms were Rhoicosphenia, Gomphonema and Cocconeis. In the streams of 

intermediate temperature Gomphonema, Cocconeis and Achnanthes were dominating. 

In the coldest streams were most diverse where the following genera were dominating:  

Meridion, Nitzschia and Fragilaria. The most common cyanobacteria in all streams 

were Nostoc and Oscillatoria. In the warmest streams Nostoc dominated and in the 

coldest streams Oscillatoria dominated. Results showed that chlorophyll a was 

significantly higher where nitrogen had been added, but it was not temperature and pH 

dependant. The diatom biovolume was significantly higher in treated than in control 
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reaches. Cyanobacteria are known to be less sensitive to environmental changes 

compared to diatoms and green algae. With nutrient enrichment Nostoc almost 

disappeared, probably being outcompeted. The green algae Cladophora increased in 

biovolume with nutrient addition. It was concluded that a small nitrogen enrichment 

could have considerable effects on the periphyton community, in particular the diatoms 

as they responded most to the treatment (Gudmundsdottir et al., 2013). 

 

Since diatoms are often used as environmental indicators, their response to pollution has 

been studied widely. A review of the response of diatoms to metal contamination was 

done by Guasch et al. (2012). Some tolerant species were stated, however for this study 

information on species level might not be reliable. In general, metal contamination 

could lead to higher abundance of small species, changed community structure and 

valve deformities (Guasch, Ginebreda, & Geiszinger, 2012). Species that tolerate high 

concentrations of metals tend to increase in number, while the sensitive species decrease 

in number. The structure of the stressed community is rearranged so that the overall 

community tolerance to the contaminant increases, a concept called Pollution-Induced 

Community Tolerance (PICT) (Guasch et al., 2012; Lavoie, Lavoie, & Fortin, 2012). It 

has been found that in metal contaminated waters, small-sized diatoms tend to 

dominate. The reason for this is not fully known, but it is believed that it is connected to 

factors on both individual cell level and community level (Guasch et al., 2012).  

 

The combination of different indicator species or groups can be used to assess water 

quality. The abundance of benthic nitrogen fixing cyanobacteria and diatoms 

(Epithemia and Rhophalodia) for example, has been found to decrease with increasing 

concentration of inorganic nitrogen. Thus these species or genera can be used for 

biomonitoring of nitrate levels. Using the periphyton community for biomonitoring the 

entire community can be studied or specific groups. Diatoms are frequently used for 

biomonitoring, often as the only group studied. High abundance of filamentous algae 

makes the quantitative assessment difficult, although assessing the whole community of 

course gives more information about the environment (Bellinger & Sigee, 2015). Small 

diatoms of Navicula tend to dominate in heavily polluted streams. Most tolerant 

diatoms included species of Navicula, Nitzschia, Synedra and Amphora. Some species 

of the first three were also found to be less tolerant, together with species of Fragilaria, 

Cocconeis and Surirella (Bellinger & Sigee, 2015).  

3.  METHODS 

To address the aims of the study, the chlorophyll a concentration was measured since it 

is proportional to the biomass. To evaluate the algal community structure and diversity 

samples were studied under microscope to identify the genera of algae and 

cyanobacteria present. Finally, celldensity and biovolume was estimated. The methods 

used for these analyses are described in this chapter.  

3.1  Colonization tiles 

Clean Basaltic tiles were put into the stream on the 15th of July 2015. Each tile was 4.6 

x 4.6 cm and put into a stainless steel frame with 25 tiles in each frame. One frame with 

with 25 tiles was placed at four different sites (Figure 2): one upstream from the power 

plant (KR1-2), two downstream (KR1-4 and KR1-6) and one in the control stream 

(KR2-2). Samples were collected from the tiles in October 2015 and January 2016. The 

last collection of samples was done in June 2016.  
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Figure 2 Sketch of the stream with location of the power plant, effluent and sampling 

stations (marked with stars). The distance between KR1-4 and KR1-6 is approximately 

three km. 

Point KR1-2 is located upstream the effluent, however there are two boreholes located 

in its catchment area which may affect the chemical composition of the stream. 

Therefore it was not considered as a control site. The stream with sampling station 

KR2-2 is a tributary to Hlíðardalslækur and is here used as control. The streams where 

sampling stations KR1-2 and KR2-2 were located do not have the same catchment area 

and have different characteristics. The sampling stations KR1-4 and KR1-6 are 

downstream from the power plant and therefore directly affected by the geothermal 

effluent, KR1-4 being closer to the power plant than KR1-6. The stream flows from 

northwest to southeast (Figure 2). The four of the sampling stations are shown on 

photographs taken in June 2016 (Figure 3).  
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Figure 3 Photographs showing individual sampling stations in June 2016. Upper left is 

KR1-2, upper right KR1-4, lower left KR2-2 and lower right is KR1-6. 

3.2  Sampling 

At each of the four sampling stations, six tiles were randomly collected from the steel 

frame they were placed in. The tiles were put in a plastic box, covered with a black 

plastic bag to keep them in the dark and brought to the lab at the power plant for 

processing. The tiles were scrubbed clean with a steel brush, one at a time, on a plastic 

tray. The material on the tray, tile and brush was then washed of with 100 ml of 

deionized water into a measuring glass. These 100 ml were then divided into 50 ml 

vials; one for chlorophyll measurements, the other one either to measure the organic 

content or for algal identifications. These 50 ml correspond to half of the tile’s area. 

Note that the results on the organic matter is not included in this project. Samples from 

six tiles were used to estimate the chlorophyll concentration and samples from three of 

the tiles at each sampling station were used for algal identifications. The samples for 

chlorophyll were filtered through 47 mm glass fiber micro-filters. The filters were then 

folded and padded with dry tissue paper to get as much water from the filter. The filters 

were then put into 4.5 ml, 18 ml or 14 ml cryo-tubes and frozen on dry-ice. In the case 

of larger particles such as moss or sand, the particles were scraped of the filter and put 

into the cryo-tube separately. The samples for algal identifications were poured straight 

into brown 100 ml glass bottles. In two of the three glass bottles from each site, 30 

drops of Lugol’s potassium iodine solution was added for preservation, and in one 

bottle 30 drops of 4 % formalin (diluted formaldehyde) was added. Lugol’s solution 

discolors the sample, which is why formalin, which does not discolor, was added 

instead ,. The bottles were then put in a regrigerator. After the Lugol’s or formalin had 
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been added the bottles they were stored at room temperature. When arriving back at the 

lab in Reykjavík, the cryo-tubes were put in a freezer (-20 °C). 

3.3  Chlorophyll a analysis 

The purpose of the chlorophyll analysis was to get an estimate of the biomass of algae 

on the tiles. The amount of chlorophyll is correlated to the biomass of primary 

producers.  The cryo-tubes were taken out of the freezer to thaw, covered by a black 

plastic bag to keep them in the dark while thawing. The filters were taken out of the 

cryo-tubes, gently unfolded, loosely refolded and put in 14 ml centrifuge tubes. About 9 

ml of 96 % ethanol was added in each tube with a pipette and the solution gently stirred. 

In some tubes more ethanol was needed to cover the material, for example if the tube 

contained two filters or larger amount of material. The tubes were then put in a 

refrigerator and left for 24 hours. After the tubes had been removed from the 

refrigerator they were put in a centrifuge for 5 minutes on 4 000 varves per minute. 

Then, 3.5 ml of each sample was pipetted to a 10x10x45 mm cuvette, carefully not to 

take any of the settled material at the bottom. The chlorophyll was measured in a 

spectrophotometer, which measured the absorbed light at wavelengths 750 nm and 665 

nm for chlorophyll a. A cuvette with only 96 % ethanol was used as a blank for 

calibration. Between every third sample, the blank was measured and the 

spectrophotometer calibrated if necessary. 

In the samples there may be degraded chlorophyll a (phaeophytin), some of which may 

be absorbing light at the same wavelengths as the undegraded chlorophyll.  To correct 

for the degradation products, 5 drops of 37 % hydrochloric acid was added to each 

cuvette to break down all the active chloroplasm.  The light absorption at the same 

wavelengths was measured again.  All work was performed with the lights off and 

curtains drawn to prevent decay of the chlorophyll and the cuvettes were covered with 

aluminum foil between measurements. 

Once the absorbance had been measured before and after acidification at both 

wavelengths, the chlorophyll a concentration (g cm-2) was calculated given by the 

following equation: 

   (1) 

where A is the absorption coefficient of 11.99 g cm-2, correction factor for 

acidification K=2.43, V is the volume of ethanol added to the sample in ml, S is the 

substratum area (10,58 cm2), l is the length of the cuvette (1 cm), index b refers to 

measurements before acidification and index a to after acidification. 

3.4  Algae community structure 

The algae assembly and biovolume was determined in Leica DM 4000B microscope, 

under 200–400 times magnification.  A Palmers Counting Chamber was used for 

counting, glued onto an objective glass. A Whipple Grid was placed in one of the 

microscope’s occulars , and a measuring scale was present in the other. The chamber 

has an area of 245.5 mm2 and holds 0.1 ml. The Whipple Grid, referred to as a field, is 

0.25 mm2 at 200 times magnification. The field was moved over the sample, and two 

things were noted. First, the number of cells with chloroplasm in each field was counted 

and classified to genus level. Filamentous algae can have filaments of various length 

which may not always be distinguishable from one another. It is difficult to know how 
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long the filaments are and counting the individual cells might be impossible. Instead, 

the filaments are often defined in units of length (Bellinger & Sigee, 2015). The 

measuring scale or grid in the occulars were used to determine how many units the 

algae was composed of. A unit was defined as 10 m. Secondly, the biovolume of the 

algae in the field was noted. This was determined by counting the number of 

intersections in the grid it covered, which was used as the estimate for biovolume. The 

algae were classified to genus level. Further classifications requires more extensive 

sample preparation and higher magnification. That would require a great amount of time 

which could not be motivated for the purpose of this study. 

When analyzing the algal assemblage and biovolume under microscope the 100 ml 

glass bottle was lightly shaken and the fluid gently stirred with a pipette to get a well-

mixed subsample. Then 0.1 ml was put on the counting chamber and covered with a 

22x32 mm cover slip. The edges of the cover slip were then glued with nailpolish, so 

the sample would not dry out. For samples with high algae density, the counting was 

usually started at one of the edges in the middle of the chamber. The field was then 

moved, closely just overlapping the previous, over the sample and cells and whipples 

counted. For samples with low density, the whole subsample was studied. 

The number of cells counted was about 300–400, unless the whole subsample contained 

less. At this number, the variation in cell density in the sample had usually become 

small. The number of cells per cm2, C, of each tile was calculated with the following 

equation 

      (2) 

where Fobs is the number of fields counted, Atot is the total area of the subsample (245,5 

mm2), AF is the area of each field (0,25 mm2 at 200 times magnification), Cobs is the 

number of counted cells, Atile is the area of half a tile (10,58 cm2) and the factor 1000 is 

for magnification to the whole sample of 100 ml. The number of cells per cm2 changes 

as more fields and cells are counted, but at some point it reached a stable interval, which 

is when enough cells had been counted. 

The genera identified were grouped into diatoms, nitrogen fixing diatoms, green-algae, 

cyanobacteria and nitrogen fixing cyanobacteria. The genus Tribonema is a yellow-

green algae, but was grouped with the green algae. These major groups of algae were 

represented either with their cell density or as the percentage of the whole community. 

From the three samples taken each month from each station, the average of the density 

or percentage was used to represent the group. From the October and June samples, 

only two KR1-2 samples were analyzed. One sample from October was lost and one 

June sample was so rich in precipitates that it could no be analyzed. The cell density of 

each group was calculated in the same way as total cell density in the sample, with Cobs 

in equation 1 being the number of cells in the group instead of in the whole sample. 
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4.  RESULTS 

4.1  Observations during sampling 

The first sampling of the tiles was done in October 2015, approximately three months 

after they were placed in the streams. There was a lot of precipitates on the tiles at 

sampling station KR1-2 and at KR1-4 it was visibly more algae growing on the bottom 

of the stream than on the tiles. In January, there was a deep snow cover, which meant 

that at some stations the stream was covered and had to be dug down to get access to the 

tiles. In January, the algal mat on the tiles at site KR1-6 appeared grayish and at site 

KR1-4 they appeared dead. According to the staff at the power plant, the cooling towers 

had recently been cleaned with a solution containing the biocide glutaraldehyde to clean 

them from bacteria and precipitates.This ended up in the effluent, though diluted, and 

was discharged into the stream just a few days prior to the sampling in January. The 

spring of 2016 was cold in the Krafla area. In May, during sampling there was still a 

thick snowcover. In the second week of June the air temperature was high, which 

caused a rapid snowmelt. The June sampling was performed 13–16 June, sligthly later 

than planned due to spring snow melt and flooding. The massive snowmelt had clearly 

caused increased discharge in the stream, as could be seen by saturated ground around it 

and traces of higher water table. This was especially evident at KR1-4, where it looked 

like rocks at the stream bed had been moved. At site KR1-6 the algal mat was visible at 

the stream bed and the water was clear. At site KR1-2 there were heavy precipitates on 

the tiles (Figure 4, upper left). In this case, the tiles could not be collected directly from 

the submerged frame, instead the whole frame had to be brought into the lab and tiles 

collected there. 
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Figure 4 Photographs of tiles from the June sampling. Upper left: the frame collected 

from site KR1-2, covered in thick precipitates. Upper right: the frame with tiles 

collected from site KR1-4. Lower left: Six tiles collected from site KR2-2. Lower right: 

One of the tiles collected at site KR1-6. 

As seen in figure 4, there was a visible difference at the different stations. The tiles from 

KR1-4 had a gray colour, while tiles from site KR1-2 were covered in light brown 

precipitates. The tiles from site KR2-2 were covered in black sand and moss, while the 

tiles from site KR1-6 were covered in a darker green mat.  
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4.2  Chlorophyll a and cell density 

The results from the chlorophyll a measurements (section 3.3) and total cell density 

(section 3.4) are shown in figure 5 and 6, respectively. The values are calculated as 

arithmetic mean values of all samples from the same station and sampling time. 

 

Figure 5 Mean values of chlorophyll a concentration and the standard deviation of the 

six samples from each sampling. The x-axis shows the month October (Oc), January 

(Ja) and June (Ju) and station KR1-2 (1-2), KR1-4 (1-4), KR2-2 (2-2) and KR1-6 (1-6).  

 

Figure 6 Average cell density in cells per cm2 and standard deviation. The x-axis shows 

the month October (Oc), January (Ja) and June (Ju) and station KR1-2 (1-2), KR1-4 (1-

4), KR2-2 (2-2) and KR1-6 (1-6). 

The highest chlorophyll a concentration, which is proportional to the biomass, 

measured was in the October samples from KR1-4 (Figure 5). Samples from the site 

KR1-4 showed a decrease in biomass from October to June and also a high standard 

deviation. Samples from the other stations showed a minimum concentration in January. 

Samples from the sites KR2-2 and KR1-6 had a higher biomass in June than in January, 

even within the range of standard devation. As seen in figure 6, the chlorphyll a 
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concentration did not aways follow the total cell density in the samples. The biomass 

was higher at KR2-2 than at KR1-6 all months, but the cell density shows the reverse 

relationship with higher cell density at KR1-6 than at KR1-2 all months. The cell 

density at KR1-4 does not show a decreasing trend as the biomass did, instead a 

minimum cell density was found in January. For the other stations a minimum cell 

density was found in January also.  

4.3  Taxa identified and diveristy 

A total of 28 genera was identified in addition to four which were unidentified. 

Unidentified diatoms include all diatoms which could not be classified, the same applies 

for green algae and cyanobacyeria. The nitrogen fixing diatoms Rhophalodia and 

Epithemia were usually found together but nitrogen fixing cyanobacteria did not always 

occur in the same samples. Both diatoms and nitrogen fixing cyanobacteria were found 

in almost all samples. Cyanobacteria were present at all sampling stations every month. 

Neither nitrogen fixing diatoms nor green algae were present in any of the KR1-4 

samples. The number of genera identified in the samples, at each station for each 

sampling month and the number of occurences for each genera is listed in the table 1, 

Appendix 1.  

The most common genera were the diatoms Nitzschia/Synedra and the nitrogen fixing 

cyanobacteria Calothrix and Anabaena (see Figure 1 in Appendix 1). They were 

followed by the diatoms Rhoicosphenia, Navicula, Nitzschia, Epithemia and the 

cyanobacteria Phormidium. Less abundant was the nitrogen fixing diatom Rhophalodia, 

the diatoms Fragilaria and Melosira and the cyanobacteria Lyngbya. The least abundant 

were the diatoms Diploneis, Surirella and Pinnularia as well as the green algae 

Klebsormidium and Spirogyra.  

Table 1 Total number of genera identified at each station in samples taken in October, 

January and June.  

 

Number of genera identified 

  October January June 

KR1-2 13 14 15 

KR1-4 4 8 11 

KR2-2 19 18 13 

KR1-6 18 11 12 

 

The number of genera identified gives an indication of diversity in the algae community 

(Table 1). The overall highest number of genera was found at KR2-2, followed by KR1-

2 and then KR1-6. KR1-4 had the lowest number of genre identified, ranging from 4 in 

October to 11 in June. In one of the three June samples, 8 genera of diatoms were 

found. This is possibly a result of contamination from other sampling sites as diatoms 

have rarely been found at KR1-4. If that particular sample would be discarded, a total 

number of 5 genera was identified in KR1-4 June samples. A more detailed description 

of the results from algal identification can be seen in the appendix. 



1TV019 Projektarbete i miljö-och vattenteknik,   Solveig Johannesdottir 

Institutionen för geovetenskaper  2017-03-29 

14 

 

4.4  Cell density of major groups 

The average cell density for the groups diatoms, nitrogen fixing diatoms, green algae, 

cyanobacteria and nitrogen fixing cyanobacteria is shown in figures 7 to 11. The 

average is calculated as the average of the samples from each station for each month.  

 

Figure 7 Changes in average diatom cell density and standard deviation at sites KR1-2 

(1-2), KR1-4 (1-4), KR2-2 (2-2) and KR1-6 (1-6) for the the three sampling months 

October 2015 (Oc), January 2016 (Ja) and June 2016 (Ju). 

 

Diatoms were completely absent from the station KR1-4 in October, the cell density 

was about 250 cells/cm2 in January and 100 cells/cm2 in June (Figure 7). In October the 

highest diatom cell density was found at station KR1-2 and was higher at then control 

station KR2-2 than at KR1-6. Similar results were obtained in January, apart from the 

cell densities being lower. There was a large increase in diatom cell density in June at 

stations KR1-2 and KR2-2, but not at KR1-6 where the cell density remained below 

100,000 cells/cm2. At KR2-2 the cell density almost reached one million cells/cm2 in 

June. Still the changes in cell density were similar to those in the previous months, 

where diatom cell density was higher at KR1-2 than at KR1-6, almost zero at KR1-4 

and higher at KR2-2 than at KR1-6. At KR1-4, nitrogen fixing diatoms were completely 

absent all sampling months (Figure 8). Apart from that, the cell density was different 

from that of diatoms. In all months, the cell density was higher at KR1-2 than at KR2-2 

and highest at KR1-6. The cell densities were also at least a factor of 10 lower.  
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Figure 8 Changes in average cell density and standard deviation of nitrogen fixing 

diatoms at sites KR1-2 (1-2), KR1-4 (1-4), KR2-2 (2-2) and KR1-6 (1-6) for the the 

three sampling months October 2015 (Oc), January 2016 (Ja) and June 2016 (Ju). 

 

 

Figure 9 Changes in average cell density and standard deviation of green algae at sites 

KR1-2 (1-2), KR1-4 (1-4), KR2-2 (2-2) and KR1-6 (1-6) for the the three sampling 

months October 2015 (Oc), January 2016 (Ja) and June 2016 (Ju). 

Green algae were completely absent from KR1-4 in October and January, but in one 

June samples a cell density of 895 cells/cm2 was found (Figure 9). In October, the 

highest cell density of about 50,000 cells/cm2 was found at KR1-2, while the cell 

density was higher at KR1-6 than at KR2-2. In January, green algae was found only at 

KR1-2 and KR2-2, again highest at KR1-2. In June however, the cell density was much 

lower at KR1-2 than at KR2-2 and KR1-6. The average cell density at KR1-6 in June 

was the overall highest found, reaching 100,000 cells/cm2 and the cell density at KR2-2 

was slightly lower.  
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Figure 10 Changes in average cyanobacteria cell density and standard deviation at sites 

KR1-2 (1-2), KR1-4 (1-4), KR2-2 (2-2) and KR1-6 (1-6) for the the three sampling 

months October 2015 (Oc), January 2016 (Ja) and June 2016 (Ju). 

 

Figure 11 Changes in average cell density and standard deviation of nitrogen fixing 

cyanobacteria at sites KR1-2 (1-2), KR1-4 (1-4), KR2-2 (2-2) and KR1-6 (1-6) for the 

the three sampling months October 2015 (Oc), January 2016 (Ja) and June 2016 (Ju). 

The cell density of cyanobacteria was much higher at KR1-4 than at the other staions in 

October, about 26 times higher than at KR1-6 (Figure 10). No cyanobacteria was found 

at KR1-2 in January, and only 1,270 cells/cm2 was found at KR2-2. The highest cell 

density was still found at KR1-4, about 2.8 times higher than at KR1-6. In June 

however, the cell density increased from KR1-2 to KR1-6, and the cell density at KR2-2 

was about 1.5 times higher than at KR1-4. Just as the cyanobacteria (Figure 9), the 

nitrogen fixing cyanobacteria had highest cell density at KR1-4 in October and January 

(Figure 11). The change in cell density at KR1-4 was also similar to cyanobacteria, with 
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a decrease in January and increase in June, but lower than in October and also lower 

than at KR1-6 in June. The cell density at KR1-4 was consistently higher than at KR1-2 

all months. At KR2-2, nitrogen fixing cyanobacteria was only found in October and 

then with a cell density of 2,220 cells/cm2. 

4.5  Relative abundance and biovolume of major groups 

The relative abundance of the five major groups gives information about the structure of 

the algal community. There may be several genera in each group, or a few genera 

dominating the group. The relative biovolume of the algae was estimated from the 

number of intersections on the Whipple grid. The relative abundance of the major 

groups and their relative biovolume is shown for each station in figures 12 - 15.  

 

Figure 12 The mean relative cell abundance and biovolume at the station KR1-2 for the 

major groups diatom, nitrogen fixing diatom (N-fix diatom), green algae, cyanobacteria 

(cyano) and nitrogen fixing cyanobacteria (N-fix cyano) in October, January and June 

samples.  

In October, nitrogen fixing cyanobacteria was the dominating group at site KR1-2 

(Figure 12), but had a low relative biovolume. Diatoms made up about 25 % of the 

cells, but almost 60 % of the relative biovolume. The nitrogen fixing diatoms too had a 

larger fraction of the biovolume than cells. In January diatoms dominated, but the 

biovolume was smaller than the relative abundance. About 23 % of the assemblages in 

January consisted of green algae, although they only constituted about 14 % of the 

biovolume. The nitrogen fixing diatoms covered a large part of the relative biovolume 

the same month (~20%), although the relative abundance was a small fraction of the 

total. Green algae made up a significantly greater fraction of the community at KR1-2 in 

January in comparison to October. In June, diatoms were the dominating group with a 

relative abundance of about 86 %. Nitrogen fixing cyanobacteria made up about 9 % of 
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the community. Both nitrogen fixing cyanobacteria and diatoms had a smaller relative 

biovolume than abundance. Nitrogen fixing diatoms, green algae and cyanobacteria 

made up a few percent each of the assemblage in June.  

 

Figure 13 Relative, average abundance and biovolume at the station KR1-4 for the 

major groups diatom, nitrogen fixing diatom (N-fix diatom), green algae, cyanobacteria 

(cyano) and nitrogen fixing cyanobacteria (N-fix cyano) in the October, January and 

June samples.  

The algal assemblage consisted almost exclusively of cyanobacteria and nitrogen fixing 

cyanobacteria at KR1-4 in all months (Figure 13). Nitrogen fixing genera was just 

below 50 % of the assemblage in October but had a larger relative biovolume than the 

cyanobacteria. In January and June, the nitrogen fixing genera dominated both cell 

density and biovolume. In June, cyanobacteria made up about 35 % of the community 

and diatoms only 0.5 %. However, the diatoms had a large biovolume per individual 

cell. Cyanobacteria had a smaller relative biovolume than cell density all months.  
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Figure 14 Relative, average abundance and biovolume at the station KR2-2 for the 

major groups diatom, nitrogen fixing diatom (N-fix diatom), green algae, cyanobacteria 

(cyano) and nitrogen fixing cyanobacteria (N-fix cyano) in the October, January and 

June samples.  

Diatoms dominated the community at KR2-2 in all months (Figure 14). In October, the 

relative biovolume was higher than the relative abundance. The second largest group 

was the cyanobacteria followed by nitrogen fixing cyanobacteria, both these group had 

a relatively small biovolume compared to abundance. Considering the relatively 

biovolume, nitrogen fixing diatoms was the second largest group in October. The 

assemblage in January consisted of a smaller relative abundance of cyanobacteria, and 

higher fraction of diatoms and green algae than in October. The relative biovolume of 

diatoms was smaller than the relative abundance, indicating that the cells were overall 

smaller. In June, the results showed the opposite for diatoms and the relative abundance 

was lower. Non-fixing genera of cyanobacteria increased in abundance while nitrogen 

fixing genera were not identified in any June sample. 
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Figure 15 Relative, average abundance and biovolume at the station KR1-6 for the 

major groups diatom, nitrogen fixing diatom (N-fix diatom), green algae, cyanobacteria 

(cyano) and nitrogen fixing cyanobacteria (N-fix cyano) in the October, January and 

June samples.  

Algal assemblages were dominated by cyanobacteria in October at KR1-6, but the 

biovolume was dominated by nitrogen fixing diatoms (Figure 15). The same applies for 

the green algae and nitrogen fixing cyanobacteria, which made up a smaller proportion 

of the assemblage in contrast to the relative biovolume. The same relationships was 

seen in the samples from January and June. In the January samples, the assemblage 

shifted to be dominated by nitrogen fixing cyanobacteria, although the biovolume was 

still dominated by nitrogen fixing diatoms. In June, nitrogen fixing cyanobacteria 

dominated both the assemblage and biovolume, followed by cyanobacteria. About 3 % 

of the assemblage was green algae while diatoms and nitrogen fixing diatoms together 

made up less than 0.5 % of the assemblage.  



1TV019 Projektarbete i miljö-och vattenteknik,   Solveig Johannesdottir 

Institutionen för geovetenskaper  2017-03-29 

21 

 

5.  DISCUSSION 

5.1  Biomass and average cell density 

The biomass (chlorophyll a concentration) was lowest in January at KR1-2 and the 

control site KR2-2 (Figure 5). The average cell density (Figure 6) was also at a 

minumum in January at stations KR1-2 and KR2-2. The biomass in the KR1-6 samples 

followed the same pattern with minimum in January, but the cell density was lowest in 

October at KR1-6. In January the least amount of sunlight reaches the stream bed, 

which can explain the minimum in both biomass and cell density (Allan & Castillo, 

2007). The biomass was highest in June for KR2-2 and KR1-6. 

The biomass was higher at site KR1-4 than at site KR1-2 in all observations, but the 

standard deviation for KR1-4 January and June samples were very high (Figure 5). The 

biomass at KR1-4 appeared to be more variable in time (temporaly) than expected, 

since the temperature is fairly constant due to the geothermal effluent. The January 

samples could have been compromised by the glutaraldehyde released into the effluent 

a couple of days prior to sampling. For the June samples the rapid snowmelt could be 

one explanation to the low biomass, as higher discharge can detatch algae from the tiles 

(Allan & Castillo, 2007). There is also a possibility that the frame was above the surface 

at some point, since a rock had drifted under it and forced the tiles above the surface, 

due to the high discharge.  

The chlorophyll a concentration is correlated to the biomass, which is not necessarily 

correlated to the cell density since the size of the cells are of importance to the biomass. 

In a sample with many small cells or thin filaments, the cell density can be high, 

although the biomass and chlorophyll a concentration are low. With a lower cell density 

but larger cells the biomass and chlorophyll a concentration might be higher. This is 

evident in the KR1-2 and KR1-6 samples, where for all months samples from KR1-2 

had a higher biomass but samples from KR1-6 had a cell density (Figure 6). This 

suggests the cells were on average smaller at KR1-2 than at KR1-6.  

5.2  Genera identified and cell density of major groups 

From the number of genera identified at each station it is clear that the diversity is 

lowest at KR1-4 (Table 1, section 4.3). It is possible that one of the June samples was 

contaminated, since unusually many diatom cells were present in comparison to other 

samples. Contamination could occur from the brush or tray used to scrub the tiles, 

residual algae in the corners and rims of the counting chamber left from previous 

samples or the diatoms might simply have drifted downstream from diatom dominated 

sites. Even if contamination was not the case, the density of diatoms in the June samples 

was very low as seen in figure 7 and 13. In any case, diatoms and green algae were 

practically absent at KR1-4. The algae community was diverse at site KR2-2, with 

genera from all groups present in all samples except for in June when nitrogen fixing 

cyanobacteria were absent (Figure 11 and 14). A total of 19 algal genera were identified 

in the October samples, which was the highest number of genera identified (Table 1). 

The reference site is considered to be under no influence from the geothermal power 

plant, as no boreholes lie in the catchment of KR2-2. The water from KR1-4 is diluted 

as it runs downstream, in addition it merges with the colder, unpolluted stream from site 

KR2-2. Thus, the water at site KR1-6 is diluted and mixed with water of a different 

chemical composition. The decrease in temperature might cause precipitation of some 
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substances where the streams of KR1-4 and KR2-2 merge, leading to lower 

concentrations at KR1-6. Nitrogen fixing genera were found at all occasions except for 

KR2-2 in June (Table 1 and Table 1 in Appendix 1). Nitrogen fixing algae and 

cyanobacteria are usually found, and are often abundant, in Icelandic streams in 

geothermal fields because they often are nitrogen limited (Gudmundsdottir et al., 2013).  

It is clear that the environment at KR1-4 does not suit diatoms or green algae (Figure 7 

and 9). No genera of green algae was found in the KR1-4 samples and the density of 

diatoms was low. The environment at both KR1-2 and KR1-6 seems to support diatom 

and green algae communities according to most samples, although appearing in low 

densities in some samples. Since the diatoms disappeared almost completely at KR1-4, 

one must assume that the getohermal effluent does have a significant effect on the algal 

community. The fact that cell density of diatoms increases again at site KR1-6, after 

dilution with water from the KR2-2 stream, futher supports this conclusion. The density 

of cyanobacteria, both nitrogen fixing and non-fixing, increased at KR1-4 which implies 

that the environment is more suited for these groups (Figure 10 and 11). In June the cell 

density of those genera increased further at KR1-6, however it should be kept in mind 

that the average cell density at KR1-6 was high in June (Figure 6).  

5.3  Composition of populations 

Nitrogen fixing genera, both cyanobacteria and diatoms, have been used for 

biomonitoring of nitrogen where the abundance increases with decreasing concentration 

of inorganic nitrogen (Allan & Castillo, 2007). The nitrogen fixing genera was more 

abundant at KR1-4 than at KR1-2 (Figure 13 and 12), suggesting that the environment 

becomes more nitrogen limiting at the discharge site. There may be other nutrients in 

the geothermal effluent that enriches the water, particularly phosphorous. The nitrogen 

fixing genera were abundant at site KR1-6 as well, dominating the community in 

January and June (Figure 15) while the community at KR2-2 was dominated by diatoms 

at all months (Figure 14). This indicates that the effect of the geothermal effluent 

remains futher downstreams from the discharge site. 

Metal contamination has been found to promote small cells of tolerant diatom species, 

thereby changing the community structure (Guasch et al., 2012). Small cells could be 

indicated by a fraction of diatom cells in the community being greater than the fraction 

of diatom biovolume. Pollution tends to promote smaller cells of diatoms, but 

considering the relationship between relative abundance and relative biovolume this can 

not be seen in the results of this study. No such conclusion can be drawn for KR1-4, 

since those communities are fairly free of diatoms. The reverse is seen for KR1-6, 

which would be the station where this effect would be expected and large cells of 

nitrogen fixing diatoms were found (Figure 14). At KR1-2 (Figure 12) it is seen in 

January and at KR2-2 (Figure 14) it is seen in January and June. Other environmental 

factors seem more probable to cause the smaller diatom biovolume in January. The 

results rather show an effect on size of diatom cells at the control site than at the sites 

affected by the effluent. Therefore, no correlation can be drawn between cell size and 

the geothermal effluent.  

5.4  Uncertanties 

The first sampling took place in October, about three months after the tiles were 

installed in the stream. The temporal variations seen in the samples might be seasonal. It 

is possible the colonization was rapid enough for the increase in density not to show in 
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the results. If the variations were due to colonization, the cell density and chlorophyll a 

concentration would increase with time. Instead, they show both temporal decreases and 

increases. Since the classification was done to genus level, and not species level, it is 

impossible too say whether the algae at one station are slower colonizers than at 

another. The most likely explanation for the temporal variations is therefore that they 

are seasonal, and not connected to colonization rate. For the chlorophyll a 

measurements, the high concentration of precipitates could have affected the results. 

The absorbance was calibrated using ethanol as a blank, therefore the absorbance of 

chlorophyll might not be accurate since other substances could have interfered. 

Three samples were taken from each station for each sampling occasion for  algae 

community analysis. This is close to a minimum and the number of samples limits the 

statistical conclusions. There is a factor of coincidence to take into account, since the 

collected tiles were randomly chosen from the frame. The distance between the tiles 

may be only a few cm, but even at this small scale the environment can differ enough to 

affect the community on different tiles due to precise spatial algal growth. There were 

some inconsistencies in cell density between samples within same stations and same 

sampling months in many cases, as evidenced by the sometimes large standard 

deviation seen in Figure 6. Some genera occurred in only one of the three samples, 

sometimes in obviously high abundance in the one sample.  

With as few as three samples collected for algal identifications, picking different tiles 

might have given slightly different results for both cell density (Figure 7) and identified 

genera (Table 1 and Table 1 Appendix 1). There is also the difficulty of quantifying 

filamentous algae to be considered when analysing the data. A unit of a filamentous 

algae was defined as a filament of 10 m, which produces some uncertainties when 

comparing the cell density of cyanobacteria to that of diatoms or green algae where 

individual cells in a wide range of size were counted. The filaments often appeared in 

clusters and layers, making the number of units counted an approximation and source of 

error. Since conclusions are drawn from the change and relationships between different 

groups of algae, errors in classification within the groups does not affect these 

conclusions. For example, Tribonema may possibly have been confused for 

Stigeoclonium but since they are grouped together it does not affect the results. The 

same goes for small indviduals of Nitzschia, Fragilaria and Navicula which may have 

been incorrectly classified. However, there may be a significant error in classification 

between the nitrogen fixing cyanoabacteria Calothrix and non-fixing genera of 

cyanobacteria. Calothrix have characteristic heterocysts, but they are often found in 

clusters and layers where the heterocysts are not visible. Filaments may also be broken 

from scrubbing of the tiles, and therefore lacking the heterocysts. Some of these 

filaments have undoubtedly been confused for non-fixing genera, but to what extent is 

hard to estimate.  
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6.  CONCLUSIONS 

The goal of this project was to determine how the biomass and community structure 

changes spatially and temporally, and whether it is affected by the geothermal effluent. 

The temporal changes of the biomass (chlorophyll a concentration) was more prominent 

than the spatial. The effluent effected site, KR1-4, had highest biomass in two out of 

three occasions. There was a winter minumum in biomass at all stations except for 

KR1-4, but the unexpected minumum in June for site KR1-4 might be explained by 

other environmental factors such as rapid snowmelt and increased discharge. The cell 

density at site KR1-4 was highest in October, but in June for KR1-2 and KR1-6. The 

variation in the results suggests that the colonization was rapid and the changes 

therefore seasonal. 

The number of genera identified, a measure of diversity, was at average highest at the 

control station KR2-2 while KR1-4 had the lowest diversity. On the way from KR1-2 to 

KR1-6, the community structure changed dramatically. The control station KR2-2 was 

mostly dominated by diatoms, while KR1-4 was mostly dominated by nitrogen fixing 

cyanobacteria.  

At the control site, KR2-2, diatoms dominated all sampled months. Diatoms were 

abundant at KR1-2 at all months and green algae were abundant in October. At KR1-4, 

these groups were practically absent. Instead the community was almost completely 

composed of cyanobacteria, nitrogen fixing dominating in most samples. At KR1-6 the 

diatoms increased in density again, nitrogen fixing genera in particular, while 

cyanobacteria decreased. KR1-6 still had a lower celldensity of diatoms than KR1-2, 

and the nitrogen fixing diatoms were more abundant. 

Where the effluent enters the stream, the impact on the algae community is of great 

concern. If considering KR1-2 to be in natural state, the state of the stream at KR1-4 is 

far from natural. The biomass increases, the diversity decreases and diatoms become 

almost completely absent. The results indicate that the effect of the geothermal effluent 

remains at some distance from the discharge, even after the additon of the KR2-2 

stream. However, it also shows that the algal community recovers downstreams the 

effluent. Especially from the fact that diatoms increased again, especially the nitrogen 

fixing genera which were abundant in some KR1-6 samples.  

The conclusion is that there is a significant effect from the geothermal effluent, but it 

appears to be very localized. Some measures could be taken to decrease the impacts on 

the stream. For example decreasing the effluent discharge or constructing a lagoon in 

which the effluent is allowed to cool down before entering the stream. However, these 

measures would need further evaluation and the cost might not be motivated.  
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APPENDIX  
Table 1 The table shows the genre identified (marked with ”x”) at all sampling stations 

and months, the total number of genre identified at each station, and the number of 

occurences of each genre in all samples. 

  October January June   

Genre 

KR

1-2 

KR

1-4 

KR

2-2 

KR

1-6 

KR

1-2 

KR

1-4 

KR

2-2 

KR

1-6 

KR

1-2 

KR

1-4 

KR

2-2 

KR

1-6 

# 

Occure

nces 

Rhoicosph

enia   x x x  x x x x x x 9 

Cocconeis   x x x  x        4 

Navicula x  x x x  x x x  x x 9 

Fragilaria   x x x  x   x x x   7 

Melosira   x x   x    x x x 6 

Amphora   x x      x x  x 5 

Aulacoseir

a x  x     x     x   4 

Nitzschia x  x x   x x x x x   8 

Nitzschia/

Synedra x  x x  x x x x x x x 10 

Diploneis       x         1 

Cyclotella        x     x   2 

Meridion      x     x x    3 

Surirella        x        1 

Pinnularia      x          1 

Caloneis x  x   x     x     4 

Unid. 

Diatom x   x x  x x x x x   8 

Ropholodi

a x  x x x  x   x  x   7 

Epithemia x  x x x  x x x   x 8 

Lyngbya  x x x  x x x    x 7 

Phormidiu

m  x x x  x x x x   x 8 
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Oscillatori

a x           x x x 4 

Unid. 

Cyano x      x       x 3 

Klebsormi

dium    x           1 

Stigeoclon

ium    x           1 

Spirogyra   x             1 

Microspor

a x   x x  x     x   5 

Cladophor

a   x           x 2 

Tribonema   x   x     x  x   4 

Unid. 

Green        x        1 

Calothrix x x x x x x  x x x  x 10 

Anabaena x x x x x x x x x x    10 

Unid. N-

fix cyano           x   x         2 

Total # 

genre 13 4 19 18 14 8 18 11 15 11 13 12   
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Figure 1 The figure shows all genre identified and the number of sampling occasion 

they were found. The total number of sampling occasions was 12. 

Results from algae identification 

The dominating genus in October samples at site KR1-2 was Anabaena, a nitrogen 

fixing cyanobacteria. In one sample the green algae Microspora was abundant. Nitrogen 

fixing diatoms occurred but were not abundant. The dominating diatom genus was 

Caloneis followed by the diatom Nitzschia. Diatoms dominated in two of the three 

samples from KR1-2 in January. Nitrogen fixing genera were found in all samples, 

mainly Ropholodia and Anabaena. Noteworthy is that the cells of Nitzschia and 

Navicula cells were larger than in the June samples. The yellow-green algae Tribonema 

was found in all samples, grouped as green algae in table 1. In the KR1-2 June samples, 

small diatoms dominated. These were classified as either Nitzschia or Navicula, but the 

small size of the cell made the classification very uncertain. All samples were rich in 
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precipitates, which made it very difficult and time consuming to analyze. Only two of 

the three samples were analyzed. In both samples Tribonema identified.  

In the October samples from KR1-4 no diatoms were identified, only cyanobacteria. 

The genera Phormidum, Lyngbya and Calothrix were found in all samples and in one 

Anabaena was identified. The nitrogen fixing genres dominated over the non-fixing  

cyanobacteria in one of the three samples. One cell of Nitzschia was found in the 

January samples, otherwise the genres were excklusively cyanobacteria. Nitrogen fixing 

genre dominated. In two of the June samples diatoms were identified, but they 

constituted a small fraction of the total cell count. In two of the three samples nitrogen 

fixing genre dominated, in the third non-fixing cyanobacteria dominated.   

Diatoms dominated in two of three samples from October at KR2-2. Melosira and 

Aulacoseira dominated in one sample, but were not very abundant in the two others. 

One sample was dominated by cyanobacteria and green algae. The green-algae 

Cladophora was identified in this sample, and in another nitrogen fixing cyanobacteria 

were identified. In the KR2-2 samples from January, the small diatoms Nitzschia, 

Navicula and Rhoicosphenia were most abundant. Anabaena was identified in one 

sample. The dominating genres in the June samples were Melosira and the 

cyanobacteria Oscillatoria. Abundant diatom genres included Nitszchia, Fragilaria and 

Navicula. The nitrogen fixing diatom Rhopholodia was present in all samples but not 

abundant. The yellow-green algae Tribonema was fairly abundant in all samples, and in 

one the green-algae Microspora was identified.  

The green algae Stigeoclonium was identified in two of the three October samples from 

KR1-6. Cyanobacteria was the largest group in all samples. The nitrogen fixing 

cyanobacteria Calothrix and Anabaena were present in all samples and Nitzschia was 

the most abundant diatom. The abundance of non-nitrogen fixing diatoms in the January 

samples was relatively low. Epithemia was abundant in all samples, up to 31 % of the 

total number of cells. Nitrogen fixing cyanobacteria dominated in two of the three 

samples, non-fixing in the third. The diatoms identified were Rhoicosphenia, Nitzschia 

and Navicula. The cyanobacteria were classified as Phormidium and Lyngbya. The 

nitrogen fixing cyanobacteria were mostly Calothrix, but Anabaena were also present. 

The nitrogen fixing cyanobacteria Calothrix was the dominating genre in the June 

samples. Cyanobacteria such as Lyngbya were also abundant. The green-algae 

Cladophora was present in all samples. There was a low abundance of diatoms, and 

mainly Nitzschia. The nitrogen fixing diatom Epithemia was present in all samples. 

 


