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Abstract 

Algae are the most common primary producers in stream ecosystems, contributing as much 
as 80 % of the total primary production. The production of these ecosystems is strongly 
influenced by the terrestrial habitats, which are in turn likely to be altered by climate change. 
In arctic ecosystems, where the effects of climate may be most pronounced, there are 
important unknowns about how abiotic factors such as light, temperature, nutrients, flow 
regimes interact to influence stream productivity. This study therefore aimed to understand 
what controls the rate of benthic algal growth in Arctic streams by measuring the 
accumulation of algal biomass on artificial surfaces across arctic stream types in Norrbotten, 
Sweden. Ceramic tiles were placed at 36 locations distributed across tundra and birch forest 
streams. Algal accumulation on tiles was then measured over 7 weeks using a fluorometer 
(Bentothorch) together with a number of likely controlling factors (light, temperature, 
dissolved nutrients and depth). I observed a significant difference in algal accumulation 
between the stream types (p<0.05), with nearly three times greater biomass in birch forest 
compared to tundra streams. However, these differences were not related to variation in light 
and water temperature. Dissolved nitrogen had a significant correlation with algal 
accumulation although with a lot of unexplained variation. Unmeasured hydrological aspects 
such as stream flow may have had large significance for differences in algal growth between 
the higher-gradient tundra and lower-gradient birch forest streams.  Overall, I hypothesize 
that the productivity of these systems is limited by nitrogen or several parameters working 
together and/or that these systems are affected by an unmeasured parameter (e.g., grazing, 
hydrological disturbance). While my results did not clearly establish the factors regulating 
algal growth in these streams it suggests that dissolved nitrogen is an important factor. The 
observed differences between stream types suggest that the productivity of arctic streams and 
the potential effect of climate change may be affected by small-scale variation in 
geomorphology and hydrology.   
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1 Introduction 

Climate change is affecting areas all over the world but high latitude areas such as the Arctic 
has and are predicted to undergo the most pronounced changes. Some of the effects of 
climate change in the Arctic are increased air and soil temperatures, altered flow regimes, 
changes in precipitation patterns, changes in disturbance patterns, and alterations in 
vegetation cover and productivity (Hinzman et al., 2005, Chapin et al., 1995, Davis et al., 
2013, Berglöv et al., 2015). Although many of these changes would seem to affect primarily 
the terrestrial ecosystem they can potentially affect stream ecosystems (e.g., through altered 
flow regimes, light flux and nutrient supply) as the two are heavily linked (Davis et al., 2013). 
This may then in turn affect productivity in Arctic streams. Understanding what controls 
algal growth in arctic streams is therefore an important step in predicting the effects of 
climate change in these systems.  
 
Algae are an important part of stream ecosystems where they serve as the most common 
primary producers (Dodds et al., 1999). In shallow waters systems, such as streams, one of 
the most prominent groups of algae are the periphyton, which commonly grow on benthic 
surfaces. Periphytic algae typically form biofilms together with bacteria and fungi on solid or 
sedimentary surfaces in the water (Bellinger and Sigee, 2010). In unshaded shallow waters, 
such as some of the streams included in this study, these periphytic algae can be responsible 
for as much as 80% of the primary production in some systems (Hansson, 1992). Algal 
carbon, in turn, has also been shown to be disproportionately important to primary 
consumers. In a North American study, consumers got a disproportionately large part of their 
carbon from algal carbon even though other forms of carbon were far more abundant in the 
system (McCutchan and Lewis, 2002). Given their clear importance, understanding the 
factors that controls algal growth is an important part of understanding these ecosystems and 
food webs (Bernhardt and Likens, 2004). 
 
The accumulation of algae on benthic surfaces is determined by colonization, reproduction, 
death, grazing and emigration, which are all influenced by many abiotic and biotic factors 
that either act alone or in combination (Steinman, 1992, Kralj et al., 2006). Among the 
abiotic factors likely to control freshwater algae is light, available nutrients, and temperature 
(Hill et al., 2009). Available light and nutrients are often regarded as the most important 
factors controlling freshwater algae communities, and previous studies have suggested that 
these can strongly limit freshwater primary production (Mosisch et al., 1999, Hill et al., 
2009). Nutrients are thought to be only be limiting in unshaded streams where light 
availability is high. In shaded streams, with lower light availability, light and nutrients might 
work in tandem to limit algae growth (Hill et al., 1995, Rosemond, 1993). Other common 
controlling factors of algae communities can be grazing by aquatic consumers (e.g., (Lamberti 
and Resh, 1983), as well as physical disturbance resulting from high water velocity and 
moving substrate (Bernal et al., 2015, Biggs et al., 1998).  
 
Light availability in most streams will fluctuate based on the structure riparian vegetation 
(mainly bushes and trees that grow along channels), but also the amount of suspended 
materials in the stream water. The differences in primary production between streams 
covered by vegetation and uncovered streams can be very large (Hill et al., 2009, Hill et al., 
2001). By contrast, nutrient availability in streams is controlled by external inputs (e.g., from 
atmospheric deposition) as well biogeochemical processes that regulate the nutrient flux 
from riparian and terrestrial systems to surface waters (Bernal et al., 2015, Hedin et al., 
1998). Taken together, these results show that multiple factors can influence rates of algal 
growth in streams, and are in turn governed by land-water interactions. Such interactions are 
well known to be influenced by environmental changes in the surrounding catchment which 
in turn affect algal growth (e.g., land-use; (Sponseller et al., 2001) and therefore may 
potentially be sensitive to ongoing climate change.  
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The purpose of this study was to try to understand what factors controls the growth of 
periphytic algae among Arctic streams in the Miellajokka catchment of northern Sweden.  
Specifically, my goal was to understand what controls the rate of benthic algal accumulation 
across arctic stream types (tundra and montane birchforest) in the same catchment, differing 
in terms of physical and chemical conditions. 
 

2 Method 

2.1 Study Area 

 
The fieldwork was carried out in a number of 
streams draining birch forest and tundra within the 
Miellajokka catchment (N 68°20'47.3 E 18°57'15.4, 
Figure 1), in the Norrbotten County during June-
July 2016 just after/during the snowmelt. Several 
of these test streams are located in typical montane 
birch forest with Betula pubescens var. tortuosa, 
herbs and shrub vegetation; other sites are located 
in alpine tundra areas with willows, shrubs and 
Betula nana. The streams used in the study were 
distributed across this catchment (from ca. 400 to 
900 m a.s.l.) elevation) and mostly were small to 
medium sized (2nd-3rd stream order) although some 
collectors were placed in the primary outlet of the 
Miellojokka catchment (4th order). 36 test sites 
were used in total to measure algal growth: 16 test 
of these were in a branching stream network within 
the birch forest zones at around 400 m a.s.l.; 16 
additional sites were in tundra stream distributed 
from around 650 m a.s.l. to circa 950 m a.s.l. 
Finally, 4 test sites were located in the main outlet 
of Miellajokka.  
 
2.2 Sampling methods  
2.2.1 Algal growth  

 
Mean chlorophyll A (chl-a) was measured by 
installing 36 pairs of ceramic tiles in the streams 
which algae could grow on (Picture 1). For each 
sample site, two ceramic tiles were attached to a 
plastic net with cable ties, which was then attached 
to the bottom of the stream at similar depths. The 
tiles were left out for 7 weeks (June-July 2016). The 
tiles were then collected and analyzed in the lab 
using a fluorometer (Benthotorch, bbe Moldaenke), 
nine measurements were taken on each tile. The 
Benthotorch is a field fluorometer and can provide 
fast estimates of biomass for cyanobacteria, diatoms and green algae in biofilms. In thin 
biofilms, which are expected from this experiment, the biomass data from the benthotorch 
has been shown to agree well with conventional spectrophotometric methods (Echenique-
Subiabre et al., 2016). 
 

Figure 1. Map showing the catchment with the three 
study areas highlighted as well as estimates of 
channel slope (%) shown by different colours. Note 
that tundra streams have considerably greater slope 
when compared to the birch forest streams located at 
the base of the catchment (map courtesy of Gerard 
Rocher Ros). 
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Picture 1. Picture showing a pair of ceramic tile in a stream attached with rebar and with temp/datalogger. 

 

2.2.3 Temperature, Light and nutrients 

 

The independent variables measured in this study were light, temperature, depth and NO3
- 

concentration. I collected temperature and light data using HOBO 64K Temperature/Light 
data loggers placed with each tile pair. Nitrate (NO3

-) concentrations were measured by 
taking water samples at several places in the streams, which were filtered in the field using a 
0.45 um filter (Millex HA, Millipore) and then frozen and analyzed in the lab using an 
automated flow injection analyser (FIA star 5000, FOSS). I focused on NO3

- in this study 
because recent work in Abisko streams suggest strong N limitation of algae growth, and NO3

- 
is the dominant form of inorganic nitrogen in these systems (Myrstener et al., unpublished 
data. In several cases, multiple stations were located along the same stream reach and 
therefore were assigned the same nutrient concentrations.  
 

2.2.4 Statistical analyses 

 

Statistical analysis was done in Microsoft Excel and JMP Home edition v.11 with a 95% 
confidence interval. Wilcoxon signed rank tests were used when data was not normally 
distributed and t-tests assuming unequal variances was used when data was normally 
distributed to test if the mean algal growth, temperature and lux differed between birch forest 
(N1=12) and tundra stream types (N2= 16). Linear regression was used to explore relationship 
between algal biomass and different physical and chemical variables (light, temperature, 
depth, and nutrients). Nitrate data were square root transformed to meet the assumptions of 
linear regression. 

3 Results 

 
Of the 36 tile pairs/loggers which were originally installed, data from 31 were used because 

some were lost/broken or covered in sediment. Of these 12 were in the birch forest (n1), 16 in 

the tundra streams (n2) and 3 in the catchment outlet.  
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Light levels are reported in units of lux over the period 11/6 to 5/7 because several loggers 

became covered by sediments and debris during the end of the sampling period and the light 

data were thus unreliable. The lux levels varied considerably within and between sampling 

locations and were significantly different between stream types (t = -4.26. p = 0.002, n1=12, 

n2= 16).  In the birch forest streams, light ranged between 4133.4 and 1722.2 lux (average = 

3082.8); for the tundra streams, light varied between 8266.7 and 1894.5 (average = 5212.6; 

Fig 2,4). 

Water temperature is reported in °C over the entire sampling period. As with light, 
temperature was also found to be significantly different between stream types (t = 6.9, p = 
<0.002, n1=12, n2= 16).  Average water temperature for birch forest sites was of 4.82 °C with 
a range of ±0.47°C and at tundra sites the mean temperature was 5.61 °C with a range of 
±1.21 °C. (Fig 2,5). 
 
Nitrate levels of the streams are reported as a mean of several sample points from each 
stream sampled when the tiles were installed and retrieved. The average nitrate average 
concentration in the birch forest was 0.082 mg/l with a range of ±0.072 mg/l across stations. 
For tundra sites, the average was 0.028 mg/l with a range of ±0.045 mg/L (Table 1). 
 
Depth is reported in centimeters as the mean value for the tile pairs when they were installed 

and retrieved. The average depth in the birch forest ranged from 18.8 cm to 11.5 cm (average 

= 15.1 cm) and at the tundra it ranged between 24.8 cm to 10.4 (average = 16.625 cm). 

 

 
Fig 2. Figure showing average temperature and irradiance level. Error bars showing standard error. 
 

 

3.1 Average chl-a 

 
The highest average concentration of chl-a was found on the tiles that were placed in the 

birch forest stream with a biomass of 0.77 µg chl-a/cm² (± 0.07).  By comparison, algal 

biomass accrual in the tundra streams was more than two-times lower at 0.3 µg chl-a/cm² 

(SE ± 0.03). In the outlet of Miellajokka, algal biomass was intermediate at 0.46 µg chl-a/cm² 

(SE ± 0.08) (fig 3). The biomass of chl-a in the birch forest and tundra were found to be 

significantly different with a significance level of 0.002 (t = -6.34, n1=12, n2= 16). (Fig 3) 
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Fig 3. Figure showing average concentration of chl-a at the three sites. Error bars showing ± 1 standard error. 

 
 

3.2 Factors controlling algae growth 

 
Differences in median lux did not have any apparent effect on the observed variation in algal 

biomass of algae across sampling stations. In fact, the highest levels of chl-a could be found 

on tiles that had received relative low amounts of light (Fig 4). Similarly, differences in water 

temperature were also not found to have any significant effect on algae growth (Fig 5). 

 

 
Fig 4. Figure showing relationship between median lux and µg chl-a/cm. 
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Fig 5. Figure showing relationship between temperature (°C) and µg chl-a/cm². 

 
 
Differences in nitrate concentration did have a moderate effect on algae growth. Specifically, 

algal biomass tended to increase logarithmically with greater NO3 concentrations with an R2 

value of 0,323 (p < 0,001) when evaluating all tile pairs (fig 6). However, when looking at the 

different sites separately no correlation between these two variables was found. The strongest 

correlation found within a stream type was an observed increase in algal biomass with 

greater water depth for tiles installed at the birch forest sites (R2 = 0,44, p = 0,02), although 

the same correlation could not be found for tundra streams (fig 7).  

 

 
Fig 6. Figure showing relationship between average No3 mg/l and µg chl-a/cm² 

at all sites with trend line.  Note that NO3 concentrations are square-root transformed. 
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Table 1. Table showing average No3 concentrations for  

Birch forest and tundra streams 

 
 
 
 
 
 

 

 
Fig 7. Figure showing relationship between tile installation depth and µg chl-a/cm² at the 3 sites with trend line. 

 

4 Discussion 

The main purpose of this study was to compare algal growth rates between different types of 
arctic streams and to identify important physical and/or chemical factors that influence 
stream productivity patterns in a stream network. Overall, I found a significant difference in 
algal growth between birch forest and tundra streams. In fact, the accumulated algal biomass 
at the end the study was almost 3 times greater at the birch forest than tundra sampling 
stations. This result suggests large differences in the potential productivity of these different 
stream types, despite being located within the same catchment.  
 
While I observed large differences in algal growth across sampling stations and stream types, 
these could not be fully attributed to any single parameter analyzed in this study although it 
is likely that the No3 can could explain a lot of the difference even though the correlation was 
quite weak (R2=0.323) the relationship between between No3 and chl-a seems to be of 
roughly the same magnitude as the differences in algal growth between the stream types 
suggesting that it is an important factor. But there is a lot of variance in the data which could 
be due to sampling error or another parameter limiting algal growth. Nitrogen has previously 
been found to be a limiting factor of algal production in freshwater ecosystems, particularly 
in northern Swedish lakes. For example, Bergström et al. (2013) showed that nitrogen was 
the primary limiting nutrient in several lakes in the Swedish Arctic. Similarly, a study by 
Levine and Whalen (2001) showed that nitrogen was either limiting or co-limiting together 
with phosphorus (P) in 78% of their studied Alaskan lakes. Their study also showed that N 
and P was more strongly limiting early in the season than later in the summer.  Results from 
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my study support the importance of nitrogen to aquatic productivity in the arctic, and suggest 
that NO3 inputs to streams can vary within a single catchment and thereby influence spatial 
patterns of productivity.  
 
Other possible explanations could be that several parameters working in tandem, as 
suggested by (Rosemond, 1993). Previous studies also found that algal communities can be 
controlled by top down processes such as grazing which could be a possible factor affecting 
algal biomass in this study (Rosemond, 1993). Another explanation to this difference could be 
that algae had an easier time colonizing tiles at the birch forest site. As periphyton 
colonization is dependent on the abundance of algae in the water column, perhaps a higher 
abundance of these algae in the birch forest could explain the difference (Kralj et al., 2006). 
Possible reasons for this could be that free-floating algae have different regulating factors 
than periphytic algae or perhaps because the birch forest streams have a longer active season 
(thaws earlier) such that there were more algae in the water column (i.e., potential colonists) 
when the tiles were installed. 
 
The strongest correlation found was between increased depth of the tiles and concentration 
of chl-a with an R2 value of 0,44. However, this correlation was only found for the tiles placed 
in the birch forest, which might indicate a difference in what controls algal growth in the 
different stream types. This correlation however proved hard to explain as none of the other 
variables varied with depth and the relationship might just be spurious, reflecting some other 
unmeasured variable such as grazing or water velocity that correlate with depth. Water 
velocity is something that has been found to have a large effect on periphytic algae 
communities both on colonization and growth. For example, Ghosh and Gaur (1998) showed 
an inverse relationship between water velocity and algae accumulation during a 5-week 
period. Perhaps this is what can be observed in the birch forest streams in this study, with 
lower stream velocities at greater depths causing less shear stress (Ghosh and Gaur, 1998). 
 
One potentially important difference between the birch and tundra streams in this catchment 
is the channel slope of the streams, which influences both flow velocity and hydrological 
disturbance. The tundra sites had a generally higher gradient when compared to the birch 
forest streams located at the base of the catchment, which is a relatively flat area (see Figure 
1). As well as having a generally lower channel gradient, the birch forest streams are also 
influenced by deeper alluvial soils and groundwater inputs that appear to further stabilize the 
flow regime. Hydrologic disturbance is something that has been shown to be an important 
constraint on algal growth in streams in general by causing shearing stress, affecting nutrient 
diffusion and affecting colonization (e.g., Biggs et al. 1998), particularly in the arctic tundra 
(Huryn et al. 2005). While I did not make any direct measurements of hydrological 
disturbance, because of these previous findings, I hypothesize that algal growth might be 
limited in the tundra streams due to their extreme and temporally variable flow. While in the 
more stable conditions of the birch forest streams, disturbance is potentially a less important 
factor during the early summer.  
 
These hydrological differences in the landscape might be particularly important in late 
spring/early summer when stream flow patterns are still influenced by snowmelt, which can 
cause variation in both daily and day-to-day runoff.  If true, my results suggest the potential 
effects of hydrologic change in the arctic will be mediated by local geomorphic structures that 
regulate the timing and velocity of flow through the channel network.   
 
No clear correlation could be found between light and chl-a or temperature and chl-a. This 
result is not consistent with many other studies showing that an increase in irradiance leads 
to an increase in algal biomass, although other factors have been found to have a much 
greater effect, and irradiance can co-limit with other factors such as nutrients or grazing 
(Steinman, 1992, Hill et al., 2009). These results suggest that light availability was 
sufficiently high at most of the stations, regardless of riparian vegetation. Though this is 
perhaps not very surprising since the study was done during the Arctic summer where days 
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are very long and the sun can be out most of the day. And since there was no large difference 
in temperature between sites (only about 1°C at most) it is also not very surprising the no 
correlation was observed between temperature and chl-a. 

4.1 Conclusions 

 
The factors controlling algae growth in these arctic streams were more complex than initially 
thought. It seems that no single variable analyzed in this study can explain the differences 
found in algal growth among tundra and birch forest streams. Although it is likely that a lot of 
the difference can be attributed to differences in No3 concentrations. Further studies 
employing multivariate analysis and/or studies of top down effects are needed to better 
understand the factors controlling algal growth and to predict how climate change will affect 
these ecosystems. The predicted effects of climate change in Norrbotten, according to SMHI, 
are increased precipitation and temperature, with less snow days, an earlier and more severe 
spring flood, and an overall increase in annual discharge (Berglöv et al., 2015). These changes 
could have large implications for algal growth and the overall productivity of freshwater 
streams. The increased temperature, reduced number of snow days, and increased nutrient 
loading due to greater in precipitation and elevated soil temperature might lead to an 
increase in productivity over the year. Although the increased discharge and more violent 
spring floods might reduce the availability of suitable growing areas and might lead to 
reductions in productivity and shift in algae community structure. 
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