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Abstract 
Rivers have been channelized for timber-floating in most northern countries during the 19th to 
mid 20th centuries. Rivers were altered by introducing splash dams, wing dams and stone piers 
and the channel was simplified by removal of bed material, especially boulders. The 
degradation of river systems led to hydrologic alterations and changes in habitat conditions 
for many riverine organisms. To improve habitats, previously channelized streams have been 
restored by removal of log-floating constructions and replacement of removed boulders. 
Restoration creates more heterogeneous patterns of fluvial disturbance and enables 
sedimentation of finer materials which are necessary for plant colonization. This study 
compared the riparian productivity in sites that have been impacted by floatway constructions 
with that of restored sites. Two phytometer species (Centaurea cyanus and Phleum pratense) 
sowed in soil sampled from various sites in the catchment were used to evaluate the impact of 
restoration instead of monitoring studies that are time consuming. Phytometer performance 
was used as a function of soil quality and as an indicator of restoration efficiency. The 
efficiency of restoration was studied in relation to the level within the riparian zone to 
evaluate the response to different hydrologic regimes, and also considered various locations in 
the drainage area. The lower riparian level was defined by the lowest water level during 
summer and the upper riparian level was defined by the highest water level during spring 
flood. The phytometers grown in soil from the upper riparian level at both restored and 
impacted (non-restored) sites showed a higher productivity with higher number of growing 
days and amount of organic material. However, this relationship is not shown in the lower 
riparian level because it is exposed to a higher level of stress, especially in high order streams 
which are exposed to extensive floods. The results also indicate a higher productivity in 
restored sites. Nevertheless, results are mainly associated with differences between individual 
sites. The findings suggest that processes enabling high soil fertility may require more than 
5−10 years to recover from the previously altered flow regime.   
 
Sammanfattning 
I flertalet nordliga länder har vattendrag kanaliserats för att möjliggöra en effektiv transport 
av timmer. Kanaliseringen åstadkoms genom att stenar rensades ur vattendragen och olika 
flottningskonstruktioner såsom stenkistor och ledmurar uppfördes. Till följd av kanaliseringen 
kom hydrologin att förändras likväl som organismernas habitatförhållanden. För att förbättra 
habitaten har en del av de tidigare kanaliserade vattendragen restaurerats genom att 
flottledskonstruktioner tagits bort och block återförts till fåran. Restaurering skapar ett mer 
naturligt störningsmönster och möjliggör sedimentation av finare material vilket är 
nödvändigt för kolonisation av växter. Denna studie jämförde produktiviteten på stränder 
längs kanaliserade vattendrag med den längs restaurerade vattendrag. Då uppföljningsstudier i 
fält är tidskrävande såddes fytometerarter (Centaurea cyanus och Phleum pratense) i jord som 
samlats från olika ställen i avrinningsområdet för att utvärdera restaureringarna. Deras 
etablering och produktion användes som mått på jordens kvalitet och som indikatorer på 
restaureringens effektivitet. Restaureringens effektivitet studerades i relation till läget inom 
avrinningsområdet och till nivån i strandzonen. Den nedre strandnivån baserades på den 
lägsta vattennivån under sommaren och den övre strandnivån baserades på den högsta 
vattennivån under vårfloden. Resultaten visar på en högre produktivitet i både restaurerade 
och påverkade (orestaurerade) lokaler på den övre nivån vid längre vegetationsperiod och 
högre andel organiskt material. Detta resultat erhölls inte på den lägre nivån i strandzonen 
vilket indikerar att den är utsatt för mer stress, speciellt i vattendrag av högre storleksordning. 
Resultaten tyder även på en högre produktivitet i de restaurerade lokalerna. De flesta resultat 
är dock främst associerade med skillnader mellan olika lokaler. Resultaten tyder på att 
processer som möjliggör hög produktivitet behöver mer än 5−10 år för att återhämta sig från 
den förändrade flödesregimen. 
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Introduction 
 
Degradation of river systems  
Humans have degraded river systems throughout history (Maddock et al. 1999) to 
meet water, energy, and transportation needs (Naiman et al. 2002; Schweizer et al. 
2007). The modifications have been intense and widespread and today many rivers are 
channelized, fragmented or regulated (Maddock et al. 1999; Muotka et al. 2002; 
Nilsson et al. 2005a). Worldwide, human activities have also impacted the catchments 
to such an extent that numerous rivers and many costal oceans are polluted or 
otherwise degraded (Palmer 2009). From an ecosystem point of view, a main 
consequence of channelization is the drastic impairment of the stream’s capacity to 
retain allochthonous inputs. Stream ecosystems in forested areas depend on inputs of 
coarse particulate organic matter (CPOM), and the loss of retentive structures will 
consequently weaken the aquatic−terrestrial linkage and potentially also have other 
effects on stream ecosystem dynamics (Muotka et al. 2002). In most cases, changes in 
water quantity, quality and the physical structure lead to changes in composition of 
the river biota and to a reduction in the biological diversity of the river ecosystem 
(Maddock et al. 1999). 
 
Land-water interactions 
Aquatic ecosystems are topographically unique since they occupy the lowest position 
in the landscape (Naiman et al. 2002). Areas surrounding aquatic ecosystems consist 
of various landscape elements from which running water brings nutrients, sediment, 
contaminants and carbon to the rivers (Nepf 1999; Renöfält et al. 2005). River 
systems and riparian zones are thereby dynamically linked longitudinally, laterally 
and vertically by the geomorphic and hydrological processes (Tabacchi et al. 1998; 
Pinay et al. 2000). However, rivers are not just products of their catchment in 
hydrological and geological but also in ecological respects (Renöfält et al. 2005; 
Merritt et al. 2010). Riparian zones support a large number of species and are one of 
the most ecologically important features of the landscape (Nilsson et al. 1994; Spink 
et al. 1998; Helfield et al. 2007). Riparian ecosystems are also among the world’s 
most threatened ones because of the anthropogenic changes in fluvial disturbance 
regime. Plant growth is strongly affected by biotic processes such as feedback 
processes involving primary producers and decomposers (van Breemen 1993). Fluvial 
disturbances such as flooding and sediment deposition are other examples of 
processes that structure riparian ecosystems (Helfield et al. 2007). The plant 
community composition and structure on river floodplains are also influenced by the 
fluvial disturbance and its variation in duration, intensity, frequency and extent 
(Merritt et al. 2010).  
 
Litter is an essential element in rivers, and patterns and dynamics of riparian 
vegetation may be strongly influenced by the dynamics of litter accumulation (Xiong 
& Nilsson 1997). Riparian corridors produce organic matter (Nilsson et al. 1999) and 
in boreal regions riverborne litter accumulates during spring flood and is transported 
in the river (Xiong & Nilsson 1997). Redeposited organic matter, especially large 
woody debris (LWD) and leaf litter, is left along the top of the river bank (Nilsson et 
al. 1999). LWD provides a stable structure that resists disturbance and increases the 
retention of coarse particulate organic matter (Lemly & Hilderbrand 2000). When 
organic matter is deposited in riparian corridors vegetation could be affected in 
several ways. Mass and quality of the deposited matter may affect plants as well as 
soil characteristics, including nutrient content and micro-climate (Nilsson et al. 1999).  
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Stream-channel geomorphic and hydrologic processes create a mosaic of different 
textures by influencing the sorting of flood sediment deposits on grain-size basis 
(Pinay et al. 2000). In turbulent reaches such as waterfalls, rapids and runs the 
sedimentation rate is low and bed and bank materials are coarse. Sedimentation occurs 
in these areas when riparian vegetation and other objects trap particles that are 
brought by the water and where flow velocity is reduced. Small particles such as sand, 
silt and clay but also fine-particulate organic matter are deposited in tranquil reaches 
due to weaker currents (Nilsson et al. 2002). Both water movement and retention are 
controlled by the characteristics of the surface soil, which also affects the main water 
supply for riparian plant and animal communities. The effects of fluvial processes on 
geomorphic surfaces are therefore reflected in riparian plant communities (Naiman & 
Décamps 1997; Tabacchi et al. 1998; Pinay et al. 2000). The geomorphic factors may 
be internal such as soil chemistry or external such as soil mineralogy and texture. The 
relative proportion of surface water and groundwater inputs are to a large extent 
determined by the texture of the soil, while the chemical composition of external 
inputs is largely determined by soil mineralogy. Due to the effects of grain size on 
water holding capacity the soil can also affect the rate of microbiological processes 
involved in the nitrogen cycle (Tabacchi et al. 1998). Most of the nitrogen is not 
released during decomposition but instead incorporated into soil organic matter 
(Knops et al. 2002). Variation in total nitrogen is primarily a function of organic 
matter and has a large influence on community composition in many systems (Knops 
et al. 2002; Laughlin & Abella 2007).  
 
Timber-floating  
In several European countries, in Canada, in the United States of America and in parts 
of Asia, rivers were used for timber-floating in the 19th to mid 20th centuries (Nilsson 
et al. 2005b). In Sweden the export-oriented forestry industry played an important 
role for the industrialization (Törnlund & Östlund 2002; Nilsson et al. 2005b). The 
industry changed the environmental situation and the conditions for riverine 
organisms in many northern river systems. Rivers in northern Sweden were widely 
used for floating timber to the coast during about 1850–1970, which resulted in 
simplified channel morphologies, more homogeneous flow regimes and decreased 
flood frequencies (Helfield et al. 2007). Waterfalls and rapids with large boulders in 
the middle of the channel made the floating difficult due to the risk of timber jamming 
and stranding. Many river systems were regulated by dams to control water flows, and 
the channel morphology was altered by removing boulders, rocky outcrops and large 
woody debris (LWD). To compensate for shortage of water during low flows different 
floatway structures were developed. For example, stone piers and wing dams were 
built to extend the floating season and to prevent logs from stranding or jamming 
(Nilsson et al. 2005b). Levees of stone and wood were also created to cut off 
secondary channels and meander bends and to line banks (Helfield et al. 2007). 
Timber-floating was a successful transportation system, but only for a relatively short 
period before land transport became dominating. Tributaries were the first to be 
abandoned for the benefit of land transport and later also the main rivers (Törnlund & 
Östlund 2002). 
 
The consequences of timber-floating were extensive, including changes in species 
composition and changes in sediment moisture retention (Naiman et al. 1998). River 
regulation along with forest management caused hydrologic alterations which 
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changed processes that are necessary for the establishment and maintenance of 
riparian vegetation (Naiman et al. 1998). Channelization limited land−water contacts 
and altered the structure and dynamics of riparian−channel interactions (Nilsson et al. 
2005b). The rivers suffered from radical loss of retention potential to riparian litter 
inputs (Muotka et al. 2002). Also the transport of materials became altered; 
straightened reaches increased their shear stress and capacity to transport bed material 
which led to increasing sediment erosion (Nilsson et al. 2005b). 
 
Restoration 
With growing environmental awareness, the adverse effects of human impact on river 
systems have been recognized (Maddock 1999). Extensive efforts are placed on 
restoring degraded streams to a more pristine state (Muotka et al 2002; Nilsson et al. 
2005b). Riparian ecosystems are important for the preservation of biodiversity 
because they are interspersed throughout the landscape and their connectivity 
increases the dispersal of organisms (Hylander et al. 2002). Restoration aims at 
improved ecological integrity of river systems as well as improved water quality 
(Maddock 1999). Empirical experience has been the main focus in restoration 
practice, but unfortunately there seems to be little specific understanding of 
differences between reaches and sites (Richards et al. 2002). Furthermore, little is 
known about the effects of restoration, except for its influence on game fishing 
(Muotka et al. 2002). Rivers and costal waters continue to degrade despite large 
investments (Palmer 2009). During the last 10−20 years some rivers in Sweden that 
previously were affected by timber floating have been restored. The goal was mainly 
to improve habitat for game fishing (Nilsson et al. 2005b). In previously channelized 
streams in the Umeälven system in northern Sweden boulders have been replaced and 
floatway structures have been removed using heavy machinery. The replacement of 
boulders is expected to increase channel roughness and flow resistance (Helfield et al. 
2007). Restoration can improve land-water interaction and increase the retention 
capacity (Nilsson et al. 2005b). For example, boulders can capture and stabilize key 
pieces of LWD which create sediment wedges (Faustini & Jones 2003). This process 
generates conditions necessary for plant colonization within a seemingly unfriendly 
alluvial environment (Fetherston et al. 1995). A more frequent disturbance of riparian 
habitat will also be allowed after removing floatway levees. Otherwise, only the most 
infrequent catastrophic floods would reach the riparian habitats (Helfield et al. 2007). 
In many cases, the problems arising during anthropogenic stream regulation are 
seldom viewed from a total system perspective, even though stream regulation 
changes the dynamics and linkages of channel and riparian components (Tabacchi et 
al. 1998). 
 
Phytometer  
Instead of monitoring the ecosystem response to different impacts, ecological 
indicators can be useful (Landenberger & Ostergren 2002). The idea of using 
organisms to measure the environment was suggested by Clements and Goldsmith in 
1924 (Antonovics et al. 1987). Referring to plants that were used as measuring 
instruments they created the term “phytometer”. There are some major advantages 
with using phytometers: (1) the development of phytometers is relatively cheap and 
can be accomplished on a large scale; (2) the environment is measured as experienced 
by the individual plant; (3) the results from the survival and fecundity of the 
phytometer can be applied in many ecological and evolutionary contexts (Antonovics 
et al. 1987). Phytometers can be grown both in field and in greenhouse. Phytometers 
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in field have their growth limited both by fertility and stress while phytometers in 
greenhouse only are limited by fertility (Spink et al. 1998).   
 
River restoration works can increase the productivity in the riparian zone (Nilsson et 
al. 2005b). In this study differences in phytometer performance were used as a 
function of soil quality and as an indicator of restoration efficiency. Restoration 
projects analyzed in this study were performed 5 to 10 years ago and the phytometer 
experiment was carried out in a greenhouse. The hypothesis in this study was that 
soils at restored riparian sites are more fertile and thereby that plant productivity 
would differ between phytometers grown in soils from restored and non-restored sites. 
Furthermore, differences in phytometer productivity in the riparian zone were studied 
as well as the mechanisms that support the differences in productivity among 
phytometers grown in different soils in a greenhouse. The following questions were 
addressed: 
  

• Are the aboveground productivity and establishment higher in soils from 
restored reaches than in soil from impacted (non-restored) reaches?   

• Are the aboveground productivity and establishment different in soils from 
different levels in the riparian zone?  

• Did the relationship between aboveground productivity and establishment vary 
with soils, growing season, stream order, grain size and amount of organic 
matter?  

 
This study was carried out within a Formas funded project as part of the ongoing 
research on best locations for stream restoration project, in the Landscape Ecology 
Group at Umeå University. Within the project there are also studies conducted in the 
field at the same sites in which soil was sampled for the greenhouse experiment. 
 
 
Methods 
 
Study site 
The study was conducted at bank sites in the catchment of Vindelälven in the 
provinces of Västerbotten and Norrbotten, northern Sweden (64º21'N–66º16'E) (Fig. 
1). Vindelälven is 455 km long, originates in the mountains and joins Umeälven about 
40 km from the coast. Vindelälven is a free-flowing river with a water-level regime 
that includes spring flooding followed by lowering of the water-level during summer 
and winter (Renöfält et al. 2005). The seasonal variations and differences between 
high and low flows are similar between Vindelälven and the tributaries even though 
the discharge is lower in the tributaries (Engström et al. 2009). The rivers were 
channelized for timber floating and are geomorphologically complex with slow-
flowing reaches intersected by rapids (Nilsson et al. 2005b). Several reaches in 
Vindelälven and its tributaries have been restored with replacement of boulders and 
removal of floatway structures (Engström et al. 2009). 
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Fig. 1. Location of Vindelälven’s main channel and the study sites in the province of Västerbotten, 
northern Sweden. 
 
 
Dominating substrates are peat and till (Engström et al. 2009). The upland part of the 
catchment is dominated by boreal forest consisting of Scots pine (Pinus sylvestris) 
and Norway spruce (Picea abies) with birch (Betula spp.) and aspen (Populus 
tremula) as the dominating broad-leaf component. The vegetation in the river-margin 
is clearly zoned with changing distance from the river (Renöfält et al. 2005). At the 
top of the riverbank there are forest communities, followed by shrub communities 
and, closest to the river, forbs and graminoids (Engström et al. 2009). Distinct 
zonation is mainly present along slow-flowing reaches; along rapids other factors can 
affect the zonation (Renöfält et al. 2005). Vindelälven and its tributaries differ in 
annual growing season (period with temperatures exceeding +5 oC) from nearly 170 
days in the more coastal areas to < 140 days close to the mountains (Nilsson et al. 
2002). Twenty sites in the 11 rivers along Vindelälven were selected for the study. 
The restored and impacted river sites were selected and arranged pair-wise. The rivers 
were chosen based on similarities in size, growing season and restoration efforts 
conducted 2000−2005. The sites along the rivers cover both climatic and stream order 
gradients (Fig. 1; Table 1). 
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Table 1. Study sites and their status (Ångström et al. 1974; Raab & Vedin 2004). 
 

 
 
Experimental procedure  
 
Greenhouse experiment  
At the end of June 2009 soil samples were collected from two levels in the riparian 
zone at 20 sites. Soil samples were collected by taking three subsamples at each site 
and level. Levels in the riparian zone were defined after the lowest water level during 
summer (L1) and highest water level during spring flood (L2) (Fig. 2). The riparian 
zone was divided in three parts and the two parts with most variation were selected for 
sampling. By using the water-level and presence of Vaccinium myrtillus the two levels 
were determined for each site. Ten of the sites were located along restored reaches 
and ten sites were impacted (non-restored) reaches (Fig. 3). Each sample contained 3 
L of soil and was composed of collections from three sites along the river bank (total 
of 40 soil samples). Planting occurred at the end of August 2009. Soil qualities were 
analyzed indirectly by growing a forb, Centaurea cyanus and a grass, Phleum 
pratense.   
 
 

 Site 
number Site Status Stream order 

 
Position in relation to 

former highest  
Growing     
season 

        coastline (days) 

1A Giertsbäcken           Non-restored 4 Above 139.0 

2A Ribbiken              Non-restored 2 Above 145.1 

3A Mattjockbäcken     Non-restored 4 Above 149.6 

4A Vormbäcken          Non-restored 3 Above 152.2 

5A Kamsjöbäcken     Non-restored 3 Below 157.4 

6A Rödån                    Non-restored 3 Below 161.1 

11A Baselesbäcken        Non-restored 3 Above 144.0 

12A Trollforsen                Non-restored 4 Above 146.2 

13A Holmselforsen          Non-restored 5 Above 139.8 

14A Lappselstryckan       Non-restored 7 Above 150.7 

1B Giertsbäcken           Restored 4 Above 143.5 

2B Njuktjer                    Restored 3 Above 140.1 

3B Mattjockbäcken      Restored 4 Above 150.2 

4B Mösupbäcken          Restored 3 Above 151.1 

5B Hjuksån                    Restored 4 Below 157.9 

6B Rödån               Restored 3 Below 161.1 

11B Näresbäcken           Restored 3 Above 145.1 

12B Jörbokforsen            Restored 4 Above 145.2 

13B Långselforsen          Restored 5 Above 143.1 

14B Kittelforsen  Restored 7 Above 152.8 
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Fig. 2.  Location of soil sampling in the riparian zone, levels 1 and 2. 

 
 
The experiment was conducted in the greenhouse of the Department of Ecology and 
Environmental Science, Umeå University, from 17 August 2009 to 18 January 2010. 
Seeds from each of the species C. cyanus and P. pratense were sown in four replicates 
of soil from 20 different sites and from two riparian levels (Fig. 2). These species 
have seeds with little endosperm which was important to ensure that productivity 
differences depended on soil quality. Three seeds were sown in each pot to ensure 
sprouting. Three seeds from C. cyanus and P. pratense were also sown in four 
reference pots with commercial, fertilized topsoil. As the species started to sprout the 
most vital plant from each replicate was kept. The temperature, light conditions and 
water availability were kept constant in the greenhouse (Spink et al. 1998) and after 
the autumnal equinox plants were ensured 12 h of light with greenhouse lamps. 
Withered leaves were collected during the growing period to ensure total biomass 
weight for each plant. Produced flowers were counted. In mid October 2009, and later 
in mid January 2010 at the end of the growing period, plant height was measured. All 
plants were harvested by cutting stems at ground level. To achieve dry mass the 
harvested plants were oven dried at 35oC to constant weight. The length of the 
growing season was determined by using vegetation maps with temperature isotherms 
over Sweden (Table 1) (Ångström et al. 1974; Raab & Vedin 2004). 
 
Soil analysis 
The 40 soil samples were dried at 105oC for 72 h to constant mass. To determine the 
content of organic matter soil samples were heated for 8 h in 450oC to estimate loss-
on-ignition. To distinguish different fractions depending on grain size soil samples 
were then burned and weighed using sieves with mesh sizes of 16, 8, 4, 2 1, 0.5, 0.25, 
0.125, 0.075 mm. Water-holding capacity of the substrate can be measured as 
fineness. A value for substrate fineness was calculated by weighing log2-tranformed 
values of mean particle size by percentage composition on substrate of the soil 
samples based on three Φ values according to Wentworth: clay and silt (Φ 9.0−6.5), 
sand (Φ 6.5−2.0) and gravel (Φ 2.0−-2.0) (Nilsson et al. 1989).  
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Fig. 3. The two upper pictures show the principal differences between a channelized and a natural 
river. The natural river to the right has a rich variation with different environments. Watercolour 
paintings by Lotta Ström. The two lower photos show an example of non-restored and restored sites 
along tributaries to Vindelälven. A non-restored site along Ribbiken (left) and a restored site along 
Njuktjer (right). Photos by Lovisa Lind (June 2009). 
 
 
Data analysis  
To test for overall differences in aboveground biomass between restored and non-
restored sites at two riparian levels, one-way ANOVA was used. In the phytometer 
analysis, each site and level was represented by the mean value of the four replicates 
(Appendix 1). Height for both C. cyanus and P. pratense was excluded since it was 
strongly correlated with the aboveground biomass (P < 0.0001). Differences in 
aboveground biomass between sites above and below the former highest coastline 
were analyzed with unstacked, one-way ANOVA. Due to the complex interactions in 
riparian zones, stepwise multiple regression analysis with forward selection was 
performed, testing for responses in phytometer productivity (aboveground biomass as 
dependent variable) to three independent environmental variables: stream order, 
growing season and organic matter. For each group of samples stepwise multiple 
regression selects the variable with the strongest correlation to productivity, and then 
adds variables to the regression equation at each subsequent step based upon the 
amount of unexplained variation (Ambuel & Temple 1983). To compare differences 
in grain size between soil samples, PCA (Principal Component Analysis) was 
performed. LOWESS regression (LOcally WEighted regression Scatterplot 
Smoothing; Cleveland 1979) was used to assess variation in phytometer productivity 
in relation to number of growing days, stream order and amount of organic material. 
The relationships were tested using linear regression. For analysis of the stream order 
gradient only sites comparable in growing season were chosen (139.8−152 growing 
days) (Table 1). The difference between phytometer productivity in fertilized and 
unfertilized soils was also analyzed using one-way ANOVA. Analyses were performed 
using Microsoft Excel Analysis ToolPak 2003, Minitab 2009, and SIMCA-P 11.5. 
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Results 
 
Productivity 
There was a close to statistically significant difference between total aboveground 
biomass from phytometers (C. cyanus and P. pratense) grown in soil from non-
restored and restored sites (P=0.08) (Fig. 4). There was no significant difference in 
biomass between the different levels in the riparian zone (Fig. 4). The phytometers did 
not differ in height 3 months before harvest (Fig. 4). Neither was there a difference in 
the onset of flower for C. cyanus between restored and non-restored sites at different 
riparian levels. Biomass and height for both 
phytometer species were correlated (P<0.001). 
Phytometers grown in commercial, fertilized soil 
showed higher productivity than phytometers grown 
in soils from the (unfertilized) field sites (P<0.05).  
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 

Fig. 4. Total aboveground biomass for (A) C. cyanus and P. pratense in soil from restored and non-
restored sites (P=0.08). Aboveground biomass for (B) C. cyanus and (C) P. pratense in soil from 
restored and non-restored riparian levels (L1 and L2). Close to statistically significant results for C. 
cyanus in soil from non-restored L1 and restored L2 (P=0.099) and for P. pratense in soil from non-
restored L1 and restored L2 (P=0.078). Plant height for (D) C. cyanus and (E) P. pratense in soil from 
restored and non-restored riparian levels (L1 and L2); P>0.05. The bars show plant height at harvest 
and the line across shows height 3 months earlier.  
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Fig. 5. Number of growing days versus aboveground biomass for C. cyanus in soil from (A) non-
restored and (B) restored sites at riparian levels 1 and 2, and for P. pratense in soil from (C) non-
restored and (D) restored sites at riparian levels 1 and 2. Curves were smoothed by using LOWESS 
regressions. Linear regression showed a significant correlation for C. cyanus in soil from restored sites 
level 2 (R2=0.522; P<0.05) and for P. pratense in soil from non-restored sites at level 2 (R2=0.550; 
P<0.05). 
 
 
Environmental variables 
When looking at different levels in the riparian zone, there was a correlation between 
growing season and aboveground biomass for C. cyanus at restored sites and P. 
pratense at non-restored sites, both at the upper riparian level (L2) (Fig. 5). All curves 
smoothed by LOWESS reveal that productivity first decreased whereafter it exhibited 
a small hump (it increased and decreased) between 145−150 growing days, and 
thereafter steadily increased in productivity (Fig. 5). When looking at stream order 
versus aboveground biomass both phytometers in soil from riparian level 1 at non-
restored sites showed the same hump at stream order 4. In the restored sites there were 
instead some outliers with very high productivity represented at stream order 4 for 
both phytometers. From stream order 5 on the values for riparian levels 1 and 2 split 
and only level 1 values increased with higher stream order. The aboveground biomass 
increased linearly with stream order for P. pratense and C. cyanus in soils from the 
upper riparian levels (L2) from non-restored sites. For soils from restored and non-
restored sites at riparian level 1 there was no linear correlation (Fig. 6). The 
aboveground biomass for P. pratense in soil from restored sites at the upper riparian 
level (L2) was significantly correlated with the amount of organic material in soil 
samples. None of the other samples of aboveground biomass was linearly correlated 
with the amount of organic material. 
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Fig. 6. Stream order versus aboveground biomass for phytometer C. cyanus (A) non-restored and (B) 
restored sites at riparian levels 1and 2. Stream order versus aboveground biomass for P. pratense at (C) 
non-restored and (D) restored sites at riparian levels 1 and 2. Curves were smoothed with LOWESS 
regressions. Linear regression showed significant correlation for C. cyanus in soil from non-restored 
sites at level 2 (R2=0.836; P<0.05) and for P. pratense in soil from non-restored sites at level 2 (R2= 
0.777; P<0.05). * Stream order 2 for the non-restored sites in the stream order gradient had stream 
order 3 as its restored counterpart.   
 
 
Neither was there any difference in the amount of organic material between the 
different levels in the riparian zone (P>0.05). However, the highest amounts of 
organic material occurred in the upper riparian level. There can also be seen a hump 
in productivity at 25-30% of organic material in the restored sites at level 1, caused by 
the same restored site as in figure 5 and 6, Jörbokforsen (Fig. 7).  The PCA showed 
that there was no association between grain size and the different sites (Appendix 2). 
No significant difference was detected in grain size between restored and non-restored 
sites at riparian levels 1 and 2 (P>0.05). Substrate fineness had no impact on 
aboveground biomass for either P. pratense or C. cyanus (P>0.05). A statistically 
significant difference between sites above and below the former highest coastline was 
revealed for C. cyanus at both restored and non-restored sites (P<0.05). For P. 
pratense this difference could only be seen in non-restored sites (non-restored 
P=0.004, restored P=0.378). There was no correlation between growing season, 
amount of organic material or stream order. However, there were significant 
correlations between organic material and each of clay+silt, sand, and gravel 
(P<0.05). Phi was correlated with stream order (P=0.018). Variables that correlated 
with growing season, organic material and stream order were excluded from stepwise 
multiple regression analysis. For the phytometer C. cyanus there was no correlation 
(P>0.05) with the amount of organic material but for P. pratense there was a 
significant correlation (P=0.008) (Fig. 8). 
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Fig. 7. Organic material versus aboveground biomass for C. cyanus at (A) non-restored and (B) 
restored sites, and for P. pratense from (C) non-restored and (D) restored sites at riparian levels 1 and 
2. Curves were smoothed with LOWESS regression. Linear regression shows significant correlation for 
P. pratense from restored sites at level 2 (R2=0.415; P<0.05). 
 
 
Furthermore, when looking at the phytometer response to growing season C. cyanus 
showed a significant correlation between aboveground biomass and growing season at 
the site from which the soil was sampled (P=0.004) (Fig. 8) whereas P. pratense did 
not show a significant correlation (P>0.05). None of the phytometer species showed a 
correlation with stream order (P>0.05). 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8. Correlation between aboveground biomass for (A) C. cyanus and number of growing days 
(P=0.004). Correlation between aboveground biomass for (B) P. pratense and percent organic material 
(P=0.008). 
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Table 2. Stepwise multiple regression describing the relationship between aboveground biomass for C. 
cyanus and P. pratense grown in soils from all restored and non-restored sites, the amount of organic 
material in the soil, and the number of growing days at the sites where soil was sampled. Non-
significant relationships (P>0.05) are not included in table.  
 

Dependent variable  Intercept 
 

x1 x2 
  

r2(adj)  
 
C. cyanus     
     Rest. L2  -3.448 0.0234 0.034 61.14 
 
P. pratense      
     Non-rest. L2  -1.883 0.0138  49.39 
     Rest. L2  -2.8323 0.0070 0.0195 71.73 

X1, growing season (days). 
X2, organic material (%). 
Data are partial regression coefficients.  
 
 
Stepwise multiple regression  
Results from the stepwise multiple regressions showed a relationship between 
productivity and growing season for all phytometers grown in soils from restored sites 
at the upper riparian level. The low R2 value (49.39) for P. pratense grown in soil 
from non-restored sites at riparian level 2 indicates that this measure cannot be used 
alone to predict restoration success. At non-restored and restored sites at riparian level 
1, for both phytometers, none of the tested environmental variables could explain the 
variability in biomass production (Table 2). However, the variation in productivity for 
both phytometers from restored sites at riparian level 2 is well explained by the 
models which in both cases included growing season and amount of organic material. 
 
 
Discussion 
A wide array of physical, chemical and biological responses are likely to occur when 
restorers are reshaping riverbeds to states more similar to their pre-channelized ones. 
Some responses will occur immediately after restoration measures, while others are 
gradual and more long-term (Nilsson et al. 2005b). In this case, time since 
implementation of the evaluated restoration works varied between 5 to 10 years. 
Nilsson et al. (2005b) proposed that restoration will increase productivity in the 
riparian zone. The hypothesis in this study was also that – given that soils at restored 
riparian sites would be more fertile – plant productivity would differ between 
phytometers grown in soils from restored and non-restored sites. The data indicate a 
close to significant difference in plant productivity, with higher mean values of 
phytometer biomass from the restored sites. The next question that was addressed 
involved variation of productivity at different levels in the riparian zone, but the 
results were not statistically significant (Fig. 4).    
 
Why did I find a close to significant difference only in plant productivity between 
restored and non-restored sites? First, to enhance productivity, biological processes 
such as establishment and decomposition of plants are required. A restoration is likely 
to affect nutrient cycling and successional processes (Nilsson et al. 2005b). According 
to Nilsson et al. (2005b) it will take more than 10 years for primary production to 
increase in the riparian zone. The fact that time since restoration efforts varied 
between sites and did never exceed 10 years may explain the weak and inconsistent 
riparian responses. Secondly, the scale of restoration efforts differed. Some restored 
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sites had been subjected to smaller restoration efforts such as return of some boulders 
to the river channel, whereas in other cases restoration works had included 
considerable changes to the surroundings, including removal of stone piers, wing 
dams and reconnection of cut-off side channels. It is reasonable to assume that with 
more drastic restoration efforts, the longer it will take for the ecosystem to recover to 
its targeted state. The productivity can therefore vary depending on the size of and the 
time since the restoration effort. For example, in Finland a river restoration caused 
dislodging of aquatic mosses which are a key retentive feature, slowing down the 
recovery process (Muotka et al. 2002).  
 
In general, the riparian soils are finer and more easily eroded below than above the 
former highest coastline. Above the former highest coastline there are coarser, 
morainic substrates (Nilsson et al. 1994). The reason for the higher productivity 
below the former highest coastline is that finer soil has a greater water and nutrient-
holding capacity, which was evident in the non-restored sites. Furthermore, none of 
the phytometers showed any difference in biomass production depending on whether 
they grew in soil from restored sites above or below the former highest coastline. The 
reason for the difference in productivity between non-restored sites above and below 
the former highest coastline might be that there is less fine substrate above the highest 
coastline, making channelized sites more sensitive to increased erosion following 
channelization. River restoration is expected to increase sedimentation, thus likely 
increasing productivity above the former highest coastline.  
 
Environmental variables 
What are the mechanisms that support the differences in productivity among 
phytometers grown in greenhouse? Before collection of soil samples, the soil had 
been exposed to many different environmental variables that modify the soil. At both 
levels in the riparian zone (L1 and L2) the influence of the hydrological regime is 
complex, variable and a vital factor for determining both nutrient dynamics and plant 
production (Spink et al. 1998). Spink et al. (1998) revealed in a phytometer 
experiment that plants growing on floodplains experience a large amount of stress 
beside soil factors growing in areas with high productivity. However, my study was 
focused on to what extent different soil factors affect the productivity in a boreal river 
and its tributaries.  
 
Plant growth is strongly affected by biotic processes (van Breemen 1993). As a result 
of long-term historical effects of variation in growing season, there is spatial 
heterogeneity in soil organic matter, water-holding capacity and nutrient levels (Galen 
& Stanton 1993). The length of the growing season is directly linked to the level of 
net primary production (van Breemen 1993). A high number of growing days 
therefore supports higher production and a higher rate of decomposition compared to 
areas with low number of growing days. This factor seems to have most impact in the 
upper level in the riparian zone in both restored and non-restored rivers (Table 2; Fig. 
5). This difference is probably a result of higher stress from other factors in the lower 
riparian level, such as erosion. The upper riparian level does not have to face the same 
stress levels and therefore its productivity is instead more limited by the number of 
growing days. The productivity curve showed a hump between 145−150 days. 
However, this hump is probably due to low levels of recovery in the adjacent sites and 
difference between individual sites.  Understanding the effects of growing season may 
not only give us better understanding of species productivity and distribution but also 
of the consequences of climate change. 
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The effective growing season is the number of growing days that in reality can be 
used by the plants for growth. Plant performance is dictated by access to light, 
nutrients and water and is reflected in, for example, riparian zones and lakeshores and 
latitudinal gradients (Galen & Stanton 1993). With extensive floods the effective 
growing season is shorter than the potential growing season. This mainly affects the 
production in higher stream orders, especially at the lower riparian level (Fig. 6). 
Floods of high intensity or duration can also have a negative effect by dislodging or 
burying plants (Nilsson et al. 2005b). In this study only phytometers grown in soil 
from non-restored sites at the upper riparian level showed a correlation with stream 
order. This is probably due to the redeposited organic material that is left along the 
top of the river bank, facilitating high production (Nilsson et al. 1999). That no 
correlation occurred at the lower riparian level is probably due to a short effective 
growing season in higher stream orders. Timber floating also increased the erosion at 
the lower riparian level which made establishment of new plants difficult. More 
extensive floods in higher stream orders might thereby prevent plant production. 
 
When stone walls were removed, areas that seldom had experienced floods in many 
years became flooded again. During the era of timber floating, many parts of the 
riparian zone and its plant communities were more or less shielded by floatway 
structures against floods, except the most infrequent and catastrophic ones. By 
removing these structures floods will occur more frequently but be less intense 
(Nilsson et al. 2005b). This environmental change may cause a shift in plant 
composition and is probably the factor causing high productivity in Jörbokforsen, 
which can be seen as outliners in Figure 6 and as humps in Figure 7. The plants there 
are still to some extent protected from frequent floods, even after restoration, enabling 
high amounts of organic material (Fig. 7). 
 
In slow-flowing reaches of a free-flowing river, the lower riparian zone is the most 
productive (Ström et al. 2010, in press). However, in my study of rapids, soils from 
the lower riparian zones were less productive than those from the upper riparian zone. 
This difference reasonably stems from a general difference between tranquil and 
turbulent reaches, but it is likely that the difference has been increased following 
timber floating. The size of the river and the mean annual discharge may also cause 
differences in soil nutrition. Large rivers integrate flows from many tributaries and are 
therefore more likely to have long-lasting floods, affecting the riparian zone. Using 
stream order as a measure can however be problematic because the difference 
between a first and a third order stream is substantial, whereas the measure is less 
meaningful for higher order rivers (Spink et al. 1998).  
 
Another important factor is the grain size. In a greenhouse with frequent watering the 
grain size has less importance to phytometer productivity with regard to water-holding 
capacity. The PCA also shows that the grain size was irrelevant for the phytometer 
productivity. However, the grain size was correlated with the amount of organic 
material. Organic materials affect the soil characteristics including nutrient content 
and micro-climate (Nilsson et al. 1999). The upper riparian level had the highest 
amounts of organic material, suggesting higher retention of organic material during 
spring floods (Naiman & Décamps 1997) (Fig. 7). The upper riparian levels are not 
flooded to the same extent as the lower riparian ones. This makes it possible for more 
organic material to be deposited and remain there. Free-flowing rivers show dynamics 



 20

of erosion and sedimentation. Channelization as a result of timber floating increases 
current velocities and erosion in the rapids (Nilsson et al. 2005b), especially in the 
lower riparian zone where extensive floods deplete the areas from finer substrate 
fractions. This process has also depleted the lower riparian levels from organic 
material. This is evident in Figure 7 showing a difference between the amount of 
organic material in the upper and lower riparian levels. Also the stepwise regression 
showed the importance of organic material for the phytometer productivity at the 
upper riparian level (Table 2). The large fluctuations in the amount of organic 
material mainly depend on differences between individual sites (Fig. 7). 
 
Phytometer 
The use of indicators to provide environmental information dates back to the 
industrial era when European biologists used lichen species as indicators of air quality 
(Landenberger & Ostergren 2002). In this study, indicators (i.e. phytometers) have 
been used to investigate the best location for restoration efforts. When phytometers 
are grown in a greenhouse in soil from different sites under as ideal as possible 
growing conditions, the soil will be the limiting factor. This will indicate the relative 
fertility of that specific soil. Plants that are grown in the field will also have to deal 
with other growth limiting factors, such as water, shade and herbivory. By growing 
phytometers both in the field and in a greenhouse, it is possible to compare these two 
and estimate the productivity limits of the soil (Spink et al. 1998). Riparian areas are 
known for their high diversity and productivity (Naiman et al. 1993). In this study, 
phytometers that were grown in fertilized soil showed higher productivity than those 
grown in unfertilized soil, thereby indicating that nutrient availability is an important 
factor limiting plant production in the studied sites. A difference was detected 
between the two phytometer species in their preference for environmental variables. 
Productivity of P. pratense was mostly dependent on the amount of organic material 
in the soil while productivity of C. cyanus was mostly dependent on growing season 
(Fig. 8). This point out the importance of choosing a phytometer that is suitable for 
the specific aim and study area. The phytometers did not show any difference in 
productivity between soil samples during the first month (Fig. 4). It is therefore 
important when using phytometers to have a growth period that is long enough to 
ensure that growth is limited by soil fertility. 
 
Conclusions 
The results suggest that the lower riparian level is exposed to a higher amount of 
stress than the upper riparian level, especially in high order stream. High order 
streams are exposed to extensive floods and thereby have less effective growing days. 
The plant productivity was limited by nutrient availability and the choice of 
phytometer is important for what the outcome will be regarding to different 
conditions. Timber floating was carried out during a long time period (~150 years) 
which resulted in large consequences for the aquatic and terrestrial habitats. 
Restoration cannot reverse all the negative consequences that followed from these 
activities, but it can assist ecosystems in recovering some of their properties. 
Whatever the more final stages will be, it takes time to reach them and restoration that 
took place 5−10 years ago is probably too recent in many respects, not the least for the 
fertility of riparian soils. Before there will be a responses in productivity the abiotic 
factors must be adjusted, and the time that is required varies between different places. 
If the minimum recovery time is 10 years, this can also be the reason for the tendency 
in increased productivity. My conclusion is therefore that observed differences in 
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plant productivity among soil samples from different sites of the Vindelälven 
catchment are so far mainly associated with differences between individual sites. The 
fact that the results provided some indications of an emergent difference between 
restored and non-restored sites suggests that in a similar study in the future, more 
clear differences between the two types of sites could be observed.  
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Appendix 1.  Mean values for soil and plant characteristics at each site. 
 

Site 
number Sites Level 

Biomass (g) 
C.cyanus 

Biomass (g) 
P.pratense 

Growing season 
(days) Clay-silt % Sand % Gravel % 

Organic  
material % Sum Phi 

Stream 
order 

1A Giertsbäcken  1 0.2079 0.0995 139.0 16.2 55.7 8.5 19.6 1.67 4 
2A Ribbiken  1 0.1322 0.0826 145.1 0.5 36.3 62.3 0.9 1.4 2 
3A Mattjockbäcken  1 0.2158 0.2869 149.6 16.9 53.7 2.3 27.0 1.84 4 
4A Vormbäcken  1 0.0853 0.0392 152.2 9.2 73,7 8.9 8.3 1.42 3 
5A Kamsjöbäcken  1 0.2579 0.155 157.4 22.6 30.0 19.4 28.0 1.48 3 
6A Rödån  1 0.3357 0.1493 161.1 27.8 69.3 0 2.9 2.86 3 
11A Baselesbäcken  1 0.0438 0.0181 144.0 10.3 43.7 24.2 21.9 0.7 3 
12A Trollforsen  1 0.2672 0.216 146.2 3.0 56.4 35.1 5.5 0.1 4 
13A Holmselforsen  1 0.1297 0.0215 139.8 11.9 84.0 0.1 4.0 1.97 5 
14A Lappselstryckan  1 0.141 0.0511 150.7 1.6 43.1 54.1 1.2 -0.65 7 
1A Gierstbäcken  2 0.263 0.1614 139.0 30.4 41.0 7.2 21.5 2.47 4 
2A Ribbiken  2 0.0719 0.0263 145.1 1.8 65.1 31.1 2.0 0.24 2 
3A Mattjokbäcken  2 0.0853 0.0834 149.6 27.8 53.8 1.7 16.8 2.61 4 
4A Vormbäcken  2 0.1236 0.1215 152.2 21.7 34.1 1.8 42.4 1.91 3 
5A Kamsjöbäcken  2 0.3409 0.3885 157.4 33.8 21.7 9.3 35.3 2.39 3 
6A Rödån  2 0.4501 0.4018 161.1 4.4 52.7 41.4 1.6 -0.01 3 
11A Baselesbäcken  2 0.0942 0.0674 144.0 27.5 19.1 0.2 53.2 2.14 3 
12A Trollforsen  2 0.1017 0.0592 146.2 14.1 71.7 0.8 13.4 1.93 4 
13A Holmselforsen  2 0.1925 0.1291 139.8 19.7 73.4 0,02 6.9 2.36 5 
14A Lappselstryckan  2 0.2816 0.2212 150.7 3.1 29.4 65.9 1.6 -1.03 7 
1B Giertsbäcken  1 0.2178 0.0343 143.5 11.9 84.0 0.1 4.0 1.97 4 
2B Njuktjer  1 0.2206 0.0578 140.1 20.7 27.1 0.5 51.7 1.78 3 
3B Mattjockbäcken  1 0.1153 0.0787 150.2 0.7 18.1 80.8 0.4 -1.72 4 
4B Mösupbäcken  1 0.1979 0.1247 151.1 7.3 70.6 11.3 10.9 1.19 3 
5B Hjuksån  1 0.3657 0.1326 157.9 3.3 75.8 19.4 1.4 0.79 4 
6B Rödån  1 0.2857 0.2291 161.1 29.5 57.7 2.7 10.1 2.75 3 
11B Näresbäcken  1 0.2177 0.1321 145.1 19.4 61.5 0.2 18.9 2.17 3 
12B Jörbokforsen  1 0.5898 0.5877 145.2 6.7 34.1 33.8 25.5 0.08 4 
13B Långselforsen  1 0.0471 0.0256 143.1 1.7 39.8 57.5 1.0 -0.77 5 
14B Kittelforsen  1 0.0286 0.0192 152.8 0.9 20.2 78.6 0.4 -1.63 7 
1B Gierstbäcken  2 0.159 0.0336 143.5 15.4 69.3 13.5 1.7 1.67 4 
2B Njuktjer  2 0.2538 0.2476 140.1 14.2 12.4 1.1 72.4 1.11 3 
3B Mattjockbäcken  2 0.0776 0.0244 150.2 1.3 31.0 66.2 1.4 -1.14 4 
4B Mösupbäcken  2 0.2761 0.3012 151.1 21.6 65.1 0.4 12.4 2.37 3 
5B Hjuksån  2 0.5193 0.2753 157.9 3,6 50.0 42.5 3.9 -0.12 4 
6B Rödån  2 0.4794 0.419 161.1 23.1 48.5 11.7 16.8 1.96 3 
11B Näresbäcken  2 0.1326 0.1752 145.1 15.6 51.4 11.6 21.4 1.49 3 
12B Jörbokforsen  2 0.3202 0.6556 145.2 8.8 16.2 0.7 74.3 0.81 4 
13B Långselforsen  2 0.1421 0.107 143.1 8.2 48.7 24.7 18.5 0.62 5 
14B Kittelforsen  2 0.4842 0.1332 152.8 30.3 57.5 0.7 11.5 2.86 7 



Appendix 2. Differences in grain size between soil samples, PCA (Principal Component Analysis). The sites 
are identified by their site code (see Appendix 1) and level (N1 = level 1, N2 = level 2). Proximity of sites 
indicate substrate similarity. 
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