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Abstract 

In recent years, global warming awareness has resulted in an increased demand for clean 

sources of energy such as hydropower. As a consequence, its impact on riparian vegetation 

must be studied. In this research, I aimed to assess how different functional riparian groups 

from northern Sweden respond to hydropeaking (i.e. short-term flow regime changes due to 

differences in the daily energy requirements). I selected seedlings of eight species natural 

from Swedish riparian ecosystems which can be grouped in three different guilds (forbs, 

graminoids and woody) according to their habitat and morphological traits.  A seven week 

greenhouse experiment in which the seedlings were subjected to two watering treatments 

that simulated prolonged and deep submergence and frequent and short shallow 

submergence conditions was developed. I measured the root, stem and leaf biomass, followed 

leaf changes and stem growth over the weeks and evaluated the health status. The study 

showed how some species and guilds responded differently to the treatments although 

survival rates were similar. Forbs was the most resilient group unlike the woody guild.  

Graminoids grew longer and thinner roots in frequent submergence situations. Small 

seedlings appeared to be more sensitive to prolonged submergence. No significant 

differences were found for leaf variables. Collectively, these results suggest that hydropeaking 

could significantly modify the riparian vegetation. More and longer studies are needed in 

order to understand the capacity that hydropower has to modify the riparian vegetation and 

therefore the riverine ecosystems. 

Keywords: Hydropeaking, riparian vegetation, seedlings. 
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1 Introduction 

1.1 Hydropower production and hydropeaking 
Hydropower is considered a clean energy source but it has strong impacts on riparian 
ecosystems. It provides around 45% of Sweden´s total electricity production. Roughly, three-
quarters of the total river discharge in the largest river systems in Sweden is moderately or 
strongly affected by fragmentation from dams and water regulation (Rudberg, 2013). Only 
four large Swedish rivers are free-flowing: the Torne, Kalix, Pite and Vindel.  

The main components of the natural flow regime (i.e. magnitude, timing, frequency, duration 
and rate of change) are dramatically altered by dams (Poff et al. 1997). Along Swedish rivers, 
the highest flows naturally occur in spring and the lowest in late autumn and winter. The 
storage of water to cover the high energy demands, especially during the winter, changes this 
seasonal flow pattern. This pattern might vary  in the near future as climate change models 
predict, for northern and central Sweden, a decrease in the spring flood and an increase in 
the runoff during winter and autumn (Andréasson et al. 2004); namely decreasing the 
annual variation that exists nowadays. As a consequence the predicted annual hydrograph 
will be better suited to the electricity demand patterns (Renöfält et al. 2010). In addition, 
hydropower plants are operated to meet the energy requirements which also vary within a 
day, hence causing short-term flow regime changes termed hydropeaking (Moog 1993; 
Renöfält et al. 2010).  

The flow regime subjected to hydropeaking differs from the natural flow regime in that it is 
highly fluctuating in a short time scale and increases and decreases faster (Person 2013). 
According to Jones (2013) rivers subjected to hydropeaking can be studied as two different 
rivers in one: the low and high peaking flow.  Between two peak events the water level can 
sink lower than the natural minimum, and during peaks water levels can be significantly 
higher than naturally. These unpredictable and intense disturbances may hinder the survival 
of organisms. Taxa that require a wide range of water velocities or that can withstand rapid 
changes in discharge due to more resilient traits would be more likely to succeed.   

Globally, hydropower energy comprises 16% of the electricity supply but there is still a 
worldwide undeveloped capacity, mainly in Africa, Asia and Latin America (Kumar et al. 
2011). Moreover, the world net electricity consumption is expected to increase. This 
increment will be in the form of renewable energies due to climate change awareness. In this 
carbon mitigation scenario, hydropower would remain an attractive renewable energy source 
and even more as technologies improve and development takes place. As a consequence, 
mitigation measures need to be implemented by countries which aim to accomplish 
international and national agreements, such as the EU water framework directive, the 8th 
national environmental objective and the 7th Sustainable Development Goal stablished by the 
United Nations.  
 

1.2 Effects of hydropeaking 
Hydropower dams radically change ecosystems by 1) being a physical barrier which disturbs 
seeds, propagules and animal migration and sediment movement and by 2) changing the flow 
regime, which is the major driver of ecological processes in rivers, as mentioned above, at 
long and short time scales (i.e., through hydropeaking) (Poff et al. 1997). 

Abiotic components such as the morphology, discharge and water quality (e.g. temperature, 
turbidity) are affected by hydropeaking, resulting in biotic consequences. For example, 
during peak flow, turbidity increases due to higher erosion. Those re-suspended sediments 
are redeposited during off-peak flows and the river bed is clogged (Person 2013). In addition 
an excess of water, decreases the oxygen diffusion rate into the soil (Striker 2012). Finally, 
water level and velocity are highly affected by hydropeaking. Turbidity hampers 



 

2 
 

photosynthesis, oxygen limitation due to prolonged flooding impedes aerobic respiration of 
submerged tissues, and toxic compounds may damage plants (Striker 2012). Frequent 
flooding and desiccation from water level fluctuations affect plant respiration and survival.  

Biotic consequences of altered flow regimes on benthic fauna or fish are well documented 
(see Bruno et al. 2010 and Person 2013) mainly because in several countries, like U.S, fishing 
industry provides a high percentage of the total gross national product. The effects on 
riparian vegetation have, however,  been forgotten. The effects of hydropower on the fluvial 
ecosystem cannot be understood without considering the riparian vegetation, which provides 
plenty of ecosystem services. Riparian vegetation regulates erosion, serves as flood buffering, 
filters contaminants and provides habitat, food and migratory pathways in addition to 
cultural and economic benefits (Kuglerová et al. 2014).  

The effects of hydropeaking on riparian communities are not expected to be homogeneous. 
Riparian plant species have evolved by adapting their morphology, reproduction, life cycles 
and phenology according to the streamflow characteristics of their habitat (Merritt et al. 
2010). This strong connection between the natural flow regime and riparian traits allows 
functional classifications of species into groups with similar traits that are expected to 
respond consistently along specific environmental gradients (from now on called guilds; Poff 
et al. 2006). Based on the riparian plant-flow response guild theory (Merritt et al. 2010), it is 
expected that the intensity of the hydropeaking impact depends on the trait syndrome 
characterizing the plant species. For example, plant species with aerenchyma tissue, which 
are able to develop adventitious roots and increase above ground biomass (i.e. increase 
height so that leaves can contact the atmosphere) would not be as sensitive to frequent 
flooding as others lacking these strategies (Striker 2012). It is known that hydropeaking can 
have strong impacts on the performance and survival of seedlings (Baldwin et al. 2001) but 
studies about the effects of hydropeaking on riparian plants are surprisingly scarce (except 
for Gorla et al. 2015).  

1.3 Aim 
The main goal of the project is to investigate how plant species from different guilds respond 
to hydropeaking according to their trait syndromes. Understanding how plants either 
adapted to or evaded hydropeaking effects will help to develop impact predictions and flow 
management guidelines for riparian communities. Particularly, the following questions are 
addressed: do hydropeaking flow changes (prolonged flooding and mechanical stress) affect 
seedling performance in terms of growth, health status and development of leaves or roots? 
Which are the most affected attributes? Do guilds from Northern Sweden show different 
responses to hydropeaking?  Can we expect a better performance of the species or guilds 
characterized by traits enabling frequent exposition to flooding and mechanical stress? 
Consequently, would graminoids be favored and woody species disfavored?  

2 Methods 

2.1 Experimental design  
Calamagrostis purpurea (Pur), Carex acuta (Ac), Carex vesicaria (Vesi), Galium palustre 
(Ga), Viola palustris (Vi), Comarum palustre (Co), Pinus sylvestris (Pin), and Betula 
pubescens (Bet) were selected for the experiment. These riparian species commonly live 
along riparian areas of Swedish rivers; Pur, Ac, Vesi on the lowest bank elevations; Ga, Vi, Co 
on the mid elevations; and Pin, Bet on the highest (Nilsson 1983). Additionally, selected 
species are representative of three different functional groups (also called guilds): 
graminoids, fobs and trees.  In this experiment, we hypothesized that species belonging to 
each group would behave similarly to inundation and anoxia stress resulting from 
hydropeaking according to their trait syndromes (Table 1). Different attributes for 
morphological and anatomical traits such as root morphology, woodiness, shoot growth 
form, plant growth form and aerenchyma, typically characterized these three groups.  
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It is important to notice that not all the species representing each guild possess the same 

traits. For example, the stem growth form of Comarum palustre is different from the other 

two species comprising the forb guild.   

Such traits are easily available in the literature and have been proved to be key in species 
responses to regulation (Bejarano et al. 2016-under review). Trait attributes have been 
obtained from FLOWBASE (Aguiar et al. 2013). 

In September 2015 seeds of the target species were collected in different sites around Umeå 

(Sweden). Around the river located east from the center of town for Ga, Pur, Vi and Co seeds, 

along a river located some kilometers inland from the city for Pin, Vesi and Vi, from Nydala 

lake for Vi, and from Swedish birch trees from the riverbanks of the city for Bet. Ac seeds 

were purchased.  

Before sowing, seeds were cold stratified inside nylon stockings and humid sand in a fridge 

over 8 weeks for most of them. Pin seeds were only kept for 5 weeks while the Ac seeds had 

already been subjected to stratification for some months before the experiment started. The 

seeds were sown in cassettes (i.e. two per cassette-pot (3,5 x 3,5 x 7 cm)) and kept in the 

greenhouse for three months, under controlled conditions to allow germination and seedling 

establishment. The humidity of the room was between 50% and 60%. The soil in the pots was 

mainly organic (mixture of 90% organic matter and 10% sand). Air temperature inside the 

greenhouse was set between 2o℃ (day temperature) and 15℃ (night temperature). Lights 

were on for 18h every day. The study was carried out in the Wallenberg greenhouse facilities 

at the Swedish University of Agricultural Sciences (SLU) in Umeå (Sweden).  

The numbers of germinated seeds and dates of germination differed between species and 

individuals. As a consequence, the numbers of replicates per species and sizes of individuals 

were not homogeneous. Plants from each species were distributed as equally as possible into 

three different cassettes for subsequent water treatments mimicking hydropeaking or natural 

conditions (Figure 1 and Table 2). The bottom of the cassette-pots was covered with two 

pieces of coffee filter paper to avoid soil erosion.  Similar seedling sizes were attempted when 

allocating replicates into the treatment cassettes. Table 2 shows further details on species 

replicates. The high number of replicates of Betula pubescens allowed the distinction 

between “small” (𝑠𝑡𝑒𝑚 𝑙𝑒𝑛𝑔ℎ𝑡 ≤ 1𝑐𝑚) and “high” (𝑠𝑡𝑒𝑚 𝑙𝑒𝑛𝑔ℎ𝑡 > 1𝑐𝑚) seedlings, and 

treatments were applied to a number of replicates of both sizes to test for influence of 

seedling size on sensitiveness to hydropeaking.  

Isolated prolonged and deep submergence and frequent short and shallow submergence, the 

main situations occurring in rivers affected by hydropeaking, were mimicked through 

watering strategies of the cassettes in the greenhouse. Treatments were continued for 7 weeks 

(March 8 2016 to May 1 2016).  

1. Isolated prolonged and deep submergence treatment (also referred in the text as 

prolonged submergence) - the cassette was placed in a close plastic box (figure 1) that 

was filled with water, till the seedlings remained under water, for four hours every 

day; after this time the water was removed. Water level in this case rises and falls fast 

since the box was filled with water and afterwards emptied abruptly. In this situation, 

all (complete submergence) or most of the plant (partial submergence, when 

seedlings where tall enough), that is below ground and aerial parts of the plant, 

remain under water. The degree of plant submergence depends mainly on the 

development stage and plant growth habit. 

 

2. Frequent short and shallow submergence treatment (also referred in the text as 

frequent submergence) - watered with abundant water till soil saturation four times 
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per day every four hours (8.00, 12.00, 16.00 and 20.00). The cassette was placed in a 

plastic box that allowed drainage (figure 1). In this situation only the root system is 

under anaerobic conditions. The water level rises fast but the cassettes were left drain 

slowly. 

 

3. Control treatment- watered once a day with abundant water to simulate the flow 

conditions of a free-flowing river.  

 

The main differences between the two treatments are the parts of the plant that remain under 

water, the velocity at which water rises and falls, and the duration and frequency of the 

flooding event.  

 

Figure 1. Representation and photos of the cassettes where the different experiments took place (A. Control B. 

Prolonged submergence C. Frequent submergence). In colors the number of different plant species: brown 
(Galium palustre), blue (Viola palustris), dark green (Comarum palustre), light green (Calamagrostis 

purpurea), yellow (Carex acuta), orange (Carex vesicaria), pink (small Betula pubescens), red (high Betula 

pubescens) and purple (Pinus sylvestris). 
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Table 1. Information about the selected traits, which allowed the guild classification, for each species. 

Species Guild Position 
in the 

river bank 

Plant 
Growth 

form 

Woodiness Stem 
Growth 

form 

Aerenchymatous Root 
morphology 

 

Adventitious  
roots 

Ga Forb Middle Herbaceous No Prostrate No One principal 
root 

Yes 

Vi Forb Middle Herbaceous No Prostrate No No principal 
root 

Yes 

Co Forb Middle Herbaceous No Erected No One principal 
root 

No 

 

Pur Graminoid Low Herbaceous No Erected Yes No principal 
root 

No 

Ac Graminoid Low Herbaceous No Erected Yes No principal 
root 

No 

Vesi Graminoid Low Herbaceous No Erected Yes No principal 
root 

No 

 

Pin Woody High Tree Yes Erected No One principal 
root  

No 

Bet Woody High  Tree Yes Erected No One principal 
root 

No 
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Table 2. Details of the number of replicates per species, mean seedling size before the beginning of the 

experiment  (in centimeters) and standard deviations for the pool of replicates per treatment. 

Species Ttreatment Replicates Mean 
Seedling 

size 

Standard 
deviations 

 
Galium palustre 

Control 3 3,83 4,49 
Prolonged Sub 4 5,95 5,99 
Frequent Sub 4 4,83 4,11 

   
Viola palustris Control 2 1,3 0,42 

Prolonged Sub 2 1 0,28 
Frequent Sub 2 1,35 0,07 

   
Comarum 
palustre 

Control 4 1,75 1,19 
Prolonged Sub 5 2,2 1,27 
Frequent Sub 5 2,06 1,18 

   
Calamgrostis 
purpurea 

Control 3 3,3 3,13 
Prolonged Sub 4 5,33 2,11 
Frequent Sub 4 7,38 2,82 

   
Carex acuta Control 4 7,58 3,36 

Prolonged Sub 5 8,2 4,45 
Frequent Sub 4 8,93 3,04 

   
Carex vesicaria Control 2 5,5 4,24 

Prolonged Sub 2 4,65 0,78 
Frequent Sub 2 4,75 3,61 

   
Betula 
pubescens Small 

Control 8 0.75 0,19 
Prolonged Sub 8 0,97 0,28 
Frequent Sub 8 0.95 0,09 

   
Betula 
pubescens Big 

Control 8 1,56 0,41 
Prolonged Sub 9 1,72 0,44 
Frequent Sub 9 1,42 0,19 

   
Pinus sylvestris Control 18 2,27 0,56 

Prolonged Sub 20 2,18 0,63 
Frequent Sub 18 2,57 0,4 

 

2.2 Measured variables 
For all seedlings, the stem length (in centimeters) was measured and the number of leaves 

were counted. The health status was assessed by giving plants a mark from 0 to 5 according 

to factors such as color, leaf growth or erection. For the graminoids, which do not present a 

clear stem, this variable was measured as the length of the highest leaf. These characteristics 

were measured before the water treatments began and were repeated once a week till the end. 

Mortality was checked every day.  

At the end of the experiment the plants were harvested in order to measure root length (in 

centimeters) and under and aboveground biomass (in grams). The soil was removed from the 
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roots before the leaves, stems and roots were separated from each other. Samples were dried 

at 60℃ to a stable weight.  

2.2 Data analysis 
The statistical analyses were performed in XLSTAT 2016.02.28540. Kruskal-Wallis tests with 

the corresponding Dunn Post-Hoc analyses were performed for all the variables (root length, 

stem, leaf and root biomass, final health status, average stem growth rate (cm/week) and 

average leaf number change (number of leaves/week)) in order to test if the treatments had 

or not an effect on the three different functional groups (i.e. Graminoids, forbs and trees) and 

on the individual species. The null hypothesis was rejected when p-value < 0.05.  

3. Results 

3.1 Root length and Root, Stem and Leaf Biomass 
The graminoids were the only functional group that showed significant differences for the 

root length analysis (K=9.05; p-value=0.011). The results of the Post-Hoc are represented in 

Table 3. 

Table 3. Results from the Dunn Post-Hoc for the variable root length (cm) and root biomass (g) for graminoids 

and woody species, respectively. Significant differences between treatments (p-value < 0.05) appear in bold. 

 
Relation between the treatments 

Graminoids Woody 

Root length (cm) Root biomass (g) 

P-value 

 
C0ntrol 

Prolonged Sub 0.775 0.013 

Frequent Sub 0.018 0.071 
 

Prolonged Sub 
 

Frequent Sub 
0.005 0.504 

 

The root length of the graminoids was significantly longer under frequent submergence 

conditions than in the control and the prolonged ones. The mean values are shown in the 

Figure 2 (WL=35.23; SUB=17.5; CON=17.71).  

 



 

8 
 

 

Figure 2. Box and whisker plot representing the median (black horizontal line), percentiles 25 and 75 (edges of 

the boxes) and 10 and 90 (edges of the vertical lines) for root length (cm) of graminoid species for the different 

treatments.  

The root biomass of the woody species was lower under hydropeaking conditions. It was 

significantly higher in the control than in the prolonged submergence treatment (Table 3) but 

no differences were found between either of the hydropeaking treatments (Figure 3). 

 

Figure 3. Box and whisker plot representing the median (black horizontal line), percentiles 25 and 75 (edges of 

the boxes) and 10 and 90 (edges of the vertical lines) and outliers (black dots) for root biomass (g) of the woody 

species for the different treatments. 

The results obtained in the analyses of the stem and leaf biomass in relation to the different 

functional groups and species did not allow rejection of the null hypothesis (there are no 

differences in the stem or leaf biomass of the functional groups and species for the different 

treatments); so that the treatment did not affect the stem or leave biomass of the functional 

groups and species. 
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3.2 Stem growth per week 
Analyzing the woody guild, no significant differences were found when looking at the average 

stem growth rate (cm/week) (K= 5.154; p-value=0.076).   

 

Looking at individual species, the average stem 

growth rate of Pinus sylvestris and small 

Betula pubescens showed significant 

differences (K= 16.124; p-value=0; K=8.341; p-

value= 0.015 respectively). The small 

individuals of Betula pubescens grew more in 

the control experiment than in the prolonged 

submergence. No differences were found for 

the frequent submergence experiment although 

a decrease is visible (Figure 4). In contrast, 

Pinus sylvestris grew more under frequent 

submergence conditions compared to the 

prolonged submergence treatment and the 

controlled situation (Figure 5). 

 

 

 

 

 

Figure 5. Box and whisker plot representing the median (black horizontal line), percentiles 25 and 75 (edges of 

the boxes) and 10 and 90 (edges of the vertical lines) and outliers (black dots) for average stem growth 

(cm/week) of Pinus sylvestris for the different treatments.  
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Figure 4. Box and whisker plot representing the median (black 

horizontal line), percentiles 25 and 75 (edges of the boxes) and 10 

and 90 (edges of the vertical lines) and outliers (black dots) for 

average stem growth (cm/week) of small Betula pubescens for 

the different treatments.  
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3.3 Change in number of leaves per week 
The treatments did not significantly affect the average leave production (number of 

leaves/week) of the functional groups in general or the species individually. However when 

looking at this variable on a weekly basis some differences were found. As shown in Figure 6, 

the prolonged submergence trend is the most varying one and it significantly differs from the 

trend of the frequent submergence in the first half of the experiment, and the control.  

 

Figure 6.  Mean change in number of leaves per week for the different treatments for all forb species 

together.  

The main differences found for the graminoids are that the responses to frequent 

submergence are in the opposite direction to those in the prolonged submergence treatments 

throughout the experiment (Figure 7). 
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Figure 7.  Mean change in number of leaves per week for the different treatments for all graminoid species 

together.  

The trend of change in number of leaves for the three treatments was similar for the woody 

species along all the experiment (Figure 8). 

 

Figure 8.  Mean change in number of leaves per week for the different treatments for all woody species together.  

3.4 Death Rate and Days until death 
Few seedlings died during the course of the experiment. One graminoid and one woody plant 

(Carex acuta and high Betula pubescens respectively) died under prolonged submergence, 
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one forb plant (Galium palustre) died under frequent flooding conditions, and two 

graminoids plants (Calamagrostis purpurea and Carex vesicaria) died under controlled 

conditions.  

As shown in Figure 9, death occurred earlier in the prolonged submergence experiment and 

for graminoids.   

 

Figure 9. Box and whisker plot representing the median (black horizontal line), percentiles 25 and 75 (edges of 

the boxes) and 10 and 90 (edges of the vertical lines) for days until death for the different treatments (right) and 

for functional groups (left).   

3.5 Final Health status  
Looking at guilds no significant differences in the final health status were found. However, 

some species presented significant or marginally significant differences.  Those are: Galium 

palustre (K= 6.386; p-value= 0.041) and small Betula pubescens (K= 5.946; p-value=0.051). 

In both species the frequent submergence treatment had a worst final health status.  

 

4. Discussion 
In the prolonged submergence treatment the plants were under a water column for four 

hours to test how an anoxic situation affects the different guilds. In contrast, in the frequent 

submergence experiment the frequent but short inundation events do not necessarily result 

in anoxia conditions. This is because the aerial part is in contact with the atmosphere, 

although the plants are exposed to a strong mechanical stress resulting from the frequent 

watering and rapid water level rises, which in nature may also cause soil erosion, plant 

removal, uprooting, biomass loss, etc. Depending on the way dams operate, anoxia 

conditions and mechanical stress are more or less common according to the duration, 

frequency and magnitude of the water level fluctuations. In order to understand the 

associated ecological responses we tested both stress factors in different plant guilds and 

species.  

Herbaceous plants (i.e. forbs and graminoids) are flexible and therefore more resilient to 
mechanical stress than tree (woody) species (Usherwood et al. 1997).  Additionally, water 
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movement causes soil erosion which can be better tolerated depending on root morphology.  
According to Gorla et al. 2015, the development of more and deeper roots positively affects 
plant survival in erosion conditions. As a consequence, the presence of a principal root, which 
anchors the plant to the ground, can be an advantage in order to tolerate fluvial disturbances 
that cause erosion and mechanical disturbance. The formation of adventitious roots can also 
benefit plants in flooding conditions by helping them with the water and nutrient uptake 
(Striker 2012). A prostrate growth it is also seen as an advantage to fluvial disturbance 
(Puijalon and Bornette 2004). Consequently it is expected that forbs, which are herbaceous 
and have adventitious roots and in general one principal root (Table 1), should be able to 
cope better under conditions of frequent submergence treatment than under prolonged 
inundation. In contrast, graminoids are expected to be more resilient to submergence 
conditions due to the presence of aerenchyma tissue and erect stems. It is known that sedges 
like Carex acuta x vesicaria and Calamagrostis purpurea are arenchymatous (Chapin et al. 
1996). The presence of this tissue facilitates the transport of oxygen from shoots to roots 
(Striker 2012). A common morphological plant response to submergence in shallow floods (< 
1 m) is an increase in height (Striker 2012) which results in a to reconnection of the aerial 
parts with the atmosphere (i.e. Low oxygen escape syndrome); only erect plants could adopt 
this strategy if needed.  Woody species are expected to be the worst adapted to both 
prolonged submergence and mechanical disturbance due to their characteristics: their 
woodiness makes it harder for them to withstand mechanical stress and the absence of 
aerenchyma to limited oxygen situations.  

Root morphology, adventitious roots and prostrate forms, in accordance with our hypothesis, 
may have helped forbs to cope well with the mechanical disturbance resulting from frequent 
shallow flooding since the mortality was low. This treatment did not significantly affect any 
plant organ, no response was seen. Galium palustre from the frequent flooding treatment 
looked unhealthy at the end of the experiment and one plant of this species ended up dying. 
This species presents smaller and fragile leaves, compared to the other forbs, which may not 
withstand the water and mechanical stress. Graminoids seedlings exposed to frequent 
flooding developed longer roots compared to those exposed to prolonged submergence and 
control, although the root biomass did not increase. These results suggest a response to 
mechanical stress towards anchoring the plant through longer, although thinner, roots. Root 
elongation is in addition linked to development of aerenchyma because it is known that this 
tissue reduces the demand of oxygen and favors root extension in anoxia conditions (Justin 
and Armstron 1987). Frequent and shallow inundation also seems to trigger the growth of 
woody species. The waterlogged soils obtained under this treatment favored the growth of the 
Pinus sylvestris stems compared to the rest of the treatments and this treatment did not 
significantly affect the growth of small Betula pubescens seedlings although the final health 
status and the average stem growth tended to be worse. In accordance with studies which 
have shown that prolonged submergence has a negative effect on growth (Johansson and 
Nilsson 2002; Baldwin et al. 2001) the submergence situation only resulted in shorter stems 
for the small Betula pubescens seedlings while older seedlings appeared to be more resilient 
to this hydropeaking impact. Pinus sylvestris presented a slightly better growth under 
prolonged inundation than under controlled conditions. According to Colmer and Voesenek 
(2009), shoot elongation is an important trait that might facilitate tolerance to submergence 
conditions typical of species that adopt a Low Oxygen Escape Syndrome; a strategy that could 
have been adopted by this species.  

The prolonged submergence treatment only significantly affected the root biomass and the 
growth of the woody seedlings. Being four hours totally submerged was long enough to cause 
death and significant reductions in root and shoot growth for woody species. Despite of the 
lack of aerenchyma, surprisingly, forbs were resilient to four hours under water. The 
presence of this tissue guaranteed good performance of graminoids under this treatment.  

Studies have shown, for some species, negative effects of flooding to leaves (Terazawa and 
Kikuzawa 1994) but in this study no significant differences were found in the leaf number 
and leaf biomass. Also no differences were found analyzing individual species which suggest 
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that the measured variables might not be good indicators of the impact that the hydropeaking 
has on the riparian vegetation. Other variables such as leaf hardness, leaf length or leaf 
anatomy could have been better indicators of the hydropeaking impact.  

The weekly dynamic of leaves for the woody functional group is very similar in the three 
treatments. Responses of woody plants in terms of leaf production only differed between 
treatments at the very end of the experiment, when flooding prevented leaf production. 
Consequently, some differences in the number of leaves might have been found if the 
experiment had continued. On the other hand both hydropeaking treatments negatively 
affected the leaf production of the graminoids. Trend under frequent flooding and control are 
very similar after the second week while prolonged submergence showed an opposite 
behavior. It is important to notice that only at the end of the experiment is an increase in the 
number of leaves visible in the control. As mentioned graminoids in waterlogged soils grew 
longer roots; this investment in the below ground system might have restricted the 
production of leaves. The prolonged submergence trend for forbs showed the most 
disordered pattern; peaks of leaf production are visible but at the end, leaf numbers globally 
decreased. Leaf production remained constant during most of the experiment under frequent 
flooding conditions, although it decreased at the very end.  

According to the results in general, rivers subjected to hydropeaking are expected to show 
riparian areas dominated by forbs, which have been shown to cope both frequent flooding 
and associated mechanical disturbance and relatively long submergence. Graminoids able to 
develop aerenchyma are expected along reaches characterized by long submergence events 
which result into anoxia conditions but lacking of strong mechanical stress. Any 
hydropeaking form would prevent woody species along regulated reaches.  

The study was limited by the number of replicates for some species of forbs and graminoids. 
In addition the experiment lasted only seven weeks which is not enough to study long term 
trends. As seen, four hours under water was not enough to conclude about anoxia responses 
for forbs. Therefore, further studies which test responses of forbs to longer submergence 
events would be of interest. Despite these issues, the results suggest that riparian guilds from 
northern Sweden respond differently to hydropeaking.   

Although we understand that all species are ecologically different, this ecological guild 

approach allows us to generalize and therefore it facilitates the study. It would be impossible 

to understand the response to alterations in the flow regime of every species forming the 

riparian vegetation and equally valid information can be obtained at a larger and easier to 

study scale (Dorrepaal 2007). In addition, the results from guild studies, based on traits, 

allow generalization between different ecosystems (Bejarano et al. 2012). Moreover there is 

not enough information for scientists to understand which plant traits are implicated in the 

hydropeaking response. These aspects show the relevance of this study. 

Understanding how riparian vegetation shifts with hydropeaking pressures, which are the 

thresholds and which are the traits that make some plants more resilient than others, will 

help the industry to mitigate the impact that hydropower has on the ecosystems and will 

provide scientific certainty to future changes such as climate change. In order to accomplish a 

more sustainable hydropower production further studies are needed. 
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