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Hydropower accounts for 60% of Sweden’s electrical supply, with hundreds of rivers dammed across the 

country. However, the impacts of these dams on stream biodiversity and ecosystem processes, such as litter 

decomposition or algal growth, have been poorly researched. Such processes underpin key ecosystem services 

delivered from freshwater environments, including provision of food and clean water and the mitigation of 

pollutants. To address these deficiencies, we assessed physico-chemical, community and functional responses 

along a hydromorphological gradient. We selected 10 streams from Western Sweden ranging from unregulated 

to strongly regulated by hydropower dams. The sites were characterised based on land use, water chemistry, 

riparian vegetation and hydrogeomorphological data, including discharge changes, the extent of ditching and 

channelization. A PCA on these variables allowed us to extract a first component used as a representative of the 

stream regulation gradient. Community structural variables include richness and Shannon diversity of four 

taxonomic groups (diatoms, invertebrates, macrophytes, fish), while functional responses include litter 

decomposition and algal productivity. Initial analyses indicate relatively strong functional responses along the 

gradient: variability in litter decomposition and algal growth rates decrease as hydroelectric regulation increase. 

However, there is little consistency among the taxonomic groups along the gradient: fish richness decreased 

while macrophyte and invertebrate abundances were the lowest at intermediate level of disturbance. These 

results would provide an additional dimension in the bioassessment of human impacts on aquatic ecosystems. 

 

1 INTRODUCTION  

During the 20th century, humans increasingly subjected rivers worldwide to water regulation and damming to 

produce electricity, control floods, supply water for domestic, industrial or agricultural needs, navigation, and 

timber transportation [1]. Sweden accounts for more than 5 300 dams and about 96% of them (i.e. 5 100 dams) 

are considered as small hydropower dams [2, 3]. Nowadays, hydropower accounts for 60% of Sweden’s 

electricity production and is seen as a green way to get electricity. 

Dams have been shown to impact running waters in different ways. From the hydrological point of view, the 

reservoir stores the water, which modifies the hydrograph of the impacted watercourse. From an ecological point 

of view, connectivity with riparian wetlands may be lost, dispersal and migration of plants and animals may be 

impeded, sediment transportation may be reduced, and interactions between aquatic and terrestrial ecosystems 

may be affected [1]. Ultimately, dams may be associated with emissions of greenhouse gases (methane and 

carbon dioxide) due to soil erosion of the inundated land [4, 5]. 

For a long time, ecological impacts of dams mainly focused on the most obvious and immediate 

environmental impacts, such as impairment of fish migration [6, 7]. But, other environmental effects can be 

more gradual and subtle (e.g. changes in nutrient loads or floods) and hence more difficult to predict [1]. Gessner 



and Chauvet [8] highlighted the importance of including functional measurements of dynamic ecosystem 

processes in bioassessments as complementary measures of taxonomic data. Following their advice, we collected 

taxonomic and functional data along a gradient of increasing dam impacts. Leaf litter is a fundamental energy 

source in streams, and leaf breakdown has been promoted as a reliable bioassessment tool [8]. Indeed, many 

biotic and abiotic factors can influence breakdown rates and, several of these can be affected by damming. 

Primary producers are the first trophic level in food webs and as such, they might provide extra information on 

the impacts of hydropower dams. 

Our aim was to investigate the influence of hydropower dams on two processes of stream ecosystems (litter 

breakdown and primary production) and to link these attributes with taxonomic data on three different groups 

(fish, macroinvertebrates and macrophytes). These processes control the energy supply in stream ecosystems 

and, any shifts in these processes may have important consequences for higher trophic levels. Our hypotheses 

were that reduced discharge:  would decrease leaf litter decomposition (1) and primary productivity (2); would 

change species composition (3), decrease species richness (4) and alter population abundances (5). 

 

2 METHODS 

2.1 Study sites of the hydropower dam gradient 

Ten third order streams, ranging from unregulated to high degrees of water regulation, were sampled from 

August until November 2013 in the Western province of Värmland, Sweden. All streams streams flowed through 

a mixed boreal forest where alder (Alnus spp.), birch (Betula spp.) and pine (Picea abies (L.)) are the dominant 

trees. Stream temperatures were recorded continuously during the study period using button data loggers SL5x 

(Signatrol, Tewkesbury, UK). On every field visit, flow was measured and pH, turbidity, oxygen concentration 

and conductivity were also assessed using a MANTA probe (Eureka Environmental Engineering, Austin, Texas, 

USA). Two water samples were collected respectively in summer and autumn to get a full asset of chemical 

parameters. 

Information regarding river regulation was retrieved from vattenweb.smhi.se where the Swedish Water 

Archive (SVAR) is accessible, and hydrological data modelled with S-HYPE were extracted. HYPE 

(Hydrological Predictions for the Environment) is a hydrological basin model that simulates water flow and 

substances from precipitation through the soil, rivers and lakes to the watercourse discharge. Data about 

channelization was obtained from the County Board. This modelled data was further implemented in the Dundee 

Hydrological Regime Assessment Method (DHRAM; [9]). This tool compares differences between the flow data 

modelled in an impacted and un-impacted state of the streams and gives several discharge factors as outputs, 

such as day of the annual maximum, the frequency of low pulses and the number of flow rises that were further 

included in the PCA (see [9] for more details on the hydrological indicators). 

Variables describing water chemistry, hydrological indicators extracted from DHRAM, the extent of 

ditching and channelization were used into a PCA. The extracted components were latter used to describe our 

hydropower dam gradient. 

 

2.2 Functional responses 

We quantified benthic algal standing stocks and algal primary production for each stream, using a BenthoTorch 

(bbe Moldaenke Gmbh, Kiel-Kronshagen, Germany). The BenthoTorch is a fluometer allowing measurements of 

total chlorophyll a. To measure standing stocks, measurements were taken from the surface of five stones. Four 

pairs of quarry tiles (25x25 cm) were also placed out on the stream bed to quantify algal primary production. 

After 30 days of colonisation, ten replicate measurements were taken on each tile with the BenthoTorch to assess 

algal production, expressed then as chlorophyll a mg.m-2.degree day-1. 

Leaf litter decomposition was also studied by placing out replicate mesh bags containing 5 ± 0.1 g of air-

dried birch leaves (Betula alba L.), collected at abscission the previous year. They were distributed in five pairs 

over the study reach, each pair consisting of one fine (0.5 mm) and one coarse (10 mm) mesh bag. The fine mesh 

bags were designed to exclude macroinvertebrates leaf-shredders and thus characterised the microbial 

component of decomposition, whereas coarse mesh bags are open to leaf-shredder colonization. After 40 days of 

exposure, all litter bags were retrieved for being processed in the laboratory, following McKie et al [10]. For 

each bag, six 12 mm diameter leaf discs were cut from six different leaves and frozen, for later ergosterol 



extraction in order to assess fungal biomass. Shredders were identified to the lowest taxonomic level possible, 

counted, photographed and measured to the nearest mm. The breakdown rate coefficient per degree-day (kdegree-

day) was calculated for each litterbag to quantify decomposition relative to the available thermal energy.  

 

2.3 Community responses 

Taxonomic data was collected in all streams following standard methods: kick samples for benthic 

macroinvertebrate, electrofishing for fish community and transects for macrophytes.  

 

3 RESULTS 

A PCA run on the different characteristics of the streams revealed that the sites were distributed along two 

principal components (PC). The first PC explained 54.07% of the variation in the dataset and was negatively 

associated with channelization and variables related to river regulation (mean flow, day of the annual maximum, 

frequency of low pulses and number of flow rises). TOC and Total Nitrogen were positively correlated to the 

first PC. The second PC explained 22.00% of the variability of the dataset and was positively associated with 

alkalinity and pH, and negatively correlated to channelization. The first PC was used to describe the gradient in 

further analyses. 

 

3.1 Functional responses 

Algal productivity and litter decomposition did not seem to change along the gradient of stream regulation. Leaf 

litter decomposition was associated with increasing shredder abundance (Table 1). Shredder communities were 

also richer and more diverse at medium range on the gradient (Table 1). On average, shredders collected in litter 

bags at impacted sites, in particular Nemoura spp and Limnephilidae were bigger. 

 

3.2 Community responses 

Total abundance in macroinvertebrates and macrophyte diversity tended to be the lowest at intermediate level of 

disturbance, while total abundance of macrophytes was the highest in these same sites (Table 1). Fish richness 

decreased along the gradient (Table 1) and unimpacted and less impacted streams were also characterised by 

slightly more diverse communities of fish. Overall, fish community was dominated by trout which density 

decreased while the dam pressure increased. 

 

Table 1: Equations, R2 and p-values (P) of functional and taxonomic responses along the dam pressure gradient. 

In the regression equations, y is the response while x represents the coordinates of the studied sites extracted 

from the PCA. Equations can be linear, quadratic or cubic. P-values (P) are indicated for all the relationships but 

the most significant ones are in bold. 

 

Variable Regression equation R2 P 

- kdd (coarse bags) y = 9E-05x + 0.0016 0.06 0.51 

- kdd (fine bags) y = 2E-05x + 0.0014 0.01 0.80 

Chlorophyll a concentration y = 0.0004x + 0.002 0.07 0.46 

Shredder abundance y = -28.891x + 43.9 0.72 0.10 

Shredder richness y = 2.2295x3 + 3.7417x2 - 3.8131x + 3.6549 0.78 0.02 

Shredder diversity y = 0.5417x3 + 0.965x2 - 0.7578x + 0.8156 0.64 0.08 

Macroinvertebrate abundance y = 1186x2 + 1172.3x + 1956.1 0.36 0.21 

Macrophyte abundance y = -26.582x3 - 71.186x2 + 23.51x + 160.89 0.60 0.11 

Macrophyte diversity y = 0.2152x2 + 0.2276x + 1.0034 0.18 0.50 

Fish richness y = 0.6689x + 3.2894 0.54 0.02 

Trout densities y = 2.0185x2 + 8.6941x + 8.5515 0.36 0.21 



 

4 DISCUSSION 

Hydropower dams seem to have little influence on leaf litter decomposition and primary productivity along our 

gradient of increasing impacts. Comparable findings are reported in the literature [11, 12]. However, changes in 

functional responses have also to be linked with changes in shredder and herbivorous communities. Community 

responses did not always follow our expectations. Macrophyte abundance was the highest at intermediate level 

of disturbance. According to the literature, aquatic plants typically have patchily distribution and can grow 

excessively following reduction in flow variability [13]. Macroinvertebrates tended to be less abundant at 

intermediate level of disturbance which is in contradiction with studies reporting reduction in invertebrate 

richness and diversity [13], and biomass [14]. Along our gradient, fish richness was decreasing marked by a 

disappearance of trout in the most impacted streams. These results corroborate with the literature [13]. Even if 

both responses in functional and structural parameters along our hydropower dam gradient are not as marked as 

expected, we believe that these results point to the suitability of different metrics for tracking different aspects of 

dam impacts, and thus provide an additional dimension in the assessment of river regulation. 
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