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Abstract 
Rivers in northern Sweden have been heavily exploited for timber transport during the floating era 
between 1850 and 1980. Water courses of all sizes running from mountains to coasts were 
reconstructed and boulders and woody debris were removed in order to achieve effective, fast 
flowing channels. This development was very important for the forest industry, but other goods 
and services connected to riverine ecosystems were affected by loss of biodiversity, degraded 
geochemical processes and less natural flows. Restoration of these rivers has been on the political 
agenda for 10−20 years, however, the designs of such measures have often been based on a trial 
and error practice due to lack of knowledge about previous states, feasible techniques, and 
ecosystem recovery. One fundamental question needs to be answered: given a certain amount of 
money, where should this be spent to provide the most efficient result? In other words: are there 
locations in the landscape that are more appropriate than others for restoration measures? This 
study investigated the efficiency of restoration along the Vindel River at different riverbank levels. 
I used three phytometers as indicators of productivity and transplanted them to restored and non-
restored sites along a stream order gradient and a climate gradient. The phytometers were 
harvested after one and two years, respectively. The results indicate that local variations (i.e. 
between sites) have larger impact on productivity than regional variations (i.e. the gradients). 
There was no consistent difference in productivity between restored and non-restored sites. 
Restoration measures were conducted about four years prior to my study which is likely not 
sufficient for the biota to adapt to new conditions. The conclusion of this study is that longer-term 
studies after restoration are needed before we can answer the questions about which restoration 
efforts are the most effective. One key point is the rehabilitation time needed to show the more 
final results of a restoration on plant productivity.  

Sammanfattning 
Älvar i norra delarna av Sverige har exploaterats kraftigt till följd av transporten av timmer under 
flottningsepoken mellan 1850 och 1980. Vattendrag i olika storlek mellan fjäll till kust rensades 
från stora stenblock och död ved för att erhålla effektiva och snabbt forsande kanaler. 
Utvecklingen av flottningsnätverket var viktig för skogsindustrin, men älvekosystemen och deras 
övriga varor och tjänster påverkades genom minskad biologisk mångfald, försämrade geokemiska 
processer och ett minskat naturligt flöde. Restaurering av dessa älvar har varit på den politiska 
agendan under 10−20 år, men utformningen av insatserna har ofta varit av typen ’trial and error’ 
på grund av kunskapsbrist vad gäller tidigare stadier, lämpliga tekniker och ekosystemens 
återhämtning. En grundläggande fråga behöver besvaras: Vid en given summa pengar, var bör 
dessa satsas för att erhålla bästa möjliga resultat? Med andra ord: finns det lokaler i landskapet 
som lämpar sig bättre än andra för restaurering? Denna studie undersöker effektiviteten av 
restaureringar gjorda längs Vindelälven med fokus på olika nivåer av strandbanken. Jag använde 
fytometrar som indikatorer på produktivitet och transplanterade dem till restaurerade och 
orestaurerade lokaler längs gradienter av vattendragsstorlek och klimat. Fytometrarna skördades 
efter ett respektive två år. Resultaten visar på att den lokala variationen (dvs. mellan lokaler) har 
större inverkan på produktiviteten än den regionala (dvs. gradienterna). Det fanns ingen 
genomgående skillnad i produktivitet mellan restaurerade och orestaurerade lokaler. 
Restaureringarna i avrinningsområdet utfördes för ca 4 år sedan, vilket troligen är ett för snävt 
tidsspann för att miljön ska hinna anpassa sig till de nya förutsättningarna. Slutsatsen är att mer 
långsiktiga studier efter restaurering behövs för att vi ska kunna dra slutsatser om var 
restaureringar bör lokaliseras för bästa effektivitet. En viktig fråga är hur lång återhämtningstid 
som behövs för att ett mer slutgiltigt resultat av en restaurerings effekt på växtproduktionen ska 
framträda. 
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1.  INTRODUCTION 
Throughout history, humans have influenced structures and functions of fresh water 
ecosystems all over the world. Today there are mainly five principal categories of threats to 
fresh waters: water pollution, overexploitation, fragmentation, destruction or degradation of 
habitat and invasion by non-native species (Malmqvist & Rundle 2002). Like other riverine 
systems in northern Europe, rivers in northern Sweden have been heavily exploited for timber 
transport from the harvest sites in the inland region to the saw mills along the coast. This was 
a successful development for the forestry industry, but it caused degradation of riverine 
ecosystem function and species richness (Malmqvist & Rundle 2002, Nilsson et al. 2005). 
Structures left from the timber floating era still form barriers in riverine ecosystems and the 
restoration of rivers to a state that is more similar to their natural state is crucial for the 
sustainable use of fresh water resources.  

1.1 History and impact of floating  
When industrialization started in central Europe in the later half of the 1800s, the demand for 
timber increased considerably. The transport of timber during this time was made by a 
combination of water power (floating) and horse power. The needs for transporting timber 
more efficiently from the inland forests down to the coastal areas increased and the network 
of floating channels started to develop. The market for construction material and wood 
products expanded and timber became one of Sweden’s most important export products. The 
development of the network of timber floatways grew steadily, and the possibilities to 
transport logs on the rivers became important for the success of Swedish forest industry. 
Watercourses of all sizes in Sweden were channelized and regulated to facilitate timber 
floating between the early 1800s and the 1980s (Törnlund and Östlund 2006).  
 
 

 
          Fig. 1. The Swedish era of timber floating started in the early 1800s  

and ended in the late 1980s. (Photo: Umeå Floating Archive Union,  
Museum of Västerbotten, Umeå). 
 

To increase flow velocity and the efficiency of timber-floating, the coarse woody debris was 
taken out and boulders were removed or blasted from the channels, leading to a reduction in 
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channel roughness (Nilsson et al. 2005, Nilsson 2007). In areas with meandering, curved or 
multi-branched rivers stone piers were established to cut off secondary channels and bends. In 
wide turbulent reaches wing dams were built to concentrate the flow and the logs to the mid 
channel. The water flow was regulated by dams to make the floating season longer. These 
alterations of the riverine landscape counteracted maintenance of natural structures and 
processes, important habitats were lost and river ecosystems were degraded. For example, 
 

 
Fig. 2. Aerial view of a tributary of Öre älv, Sweden. The meander 
bends of the former river channel have been cut off by a canal built to 
facilitate floating. (Photo: Umeå Floating Archive Union, Museum of 
Västerbotten, Umeå). 

                                          
 

 
 

 
 

Fig. 3. Total volume of floated timber in Sweden between 1850−1980 
(left y-axis; total amount of timber, right y-axis; total length of floating 
pathways). Floating the timber was the cheapest transport alternative 
until after the 1950s when the road network had developed. Then 
floating was no longer economically competitive, and a gradually 
abandonment started (Törnlund and Östlund 2002). From Nilsson 2007.  

Timber volume (m3)            Length of floating pathways (km) 
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aquatic invertebrates and fish require rough bottoms for their egg- and juvenile stages 
(Törnlund and Östlund 2002). Also, studies made by Engström et al. (2009) show that 
homogenization of channels hamper the natural emigration and immigration of plant 
propagules.  

1.2  Restoration efforts 
The interest in restoration of degraded water ecosystems started to develop around the 1970s 
when nature conservation became an important issue on the political agendas around the 
world (Petersen and Petersen 1991, Middleton 1999, Ormerod 2003). The last decades of 
research have provided evidence for the importance of spatial heterogeneity in streams and its 
importance for plant and animal life (Jansson et al. 2000, Hylander et al. 2002, Lepori et al. 
2005). The results clearly show that riparian and aquatic habitats play an essential role for 
plants, birds, fish and mammals, including humans. These ecosystems are also more diverse 
and species rich compared to adjacent uplands. Regulatory key processes that control the 
potential for high species richness are fluvial disturbances, such as flooding and sediment 
deposition (Helfield et al. 2007). Communities with high species richness have been found at 
sites with intermediate levels of flood frequency and high levels of spatial variation in flood 
frequency (Pollock et al. 1998, Bagstad et al. 2005). Therefore, it is valuable to restore river 
channel flows and structures to states that are more similar to their natural conditions.  
 
According to Arthington et al. (2009) and others, restoration projects should aim at 
introducing ’environmental flows’ as one of the strategies for integrating freshwater 
management into broader aspects of ecological sustainability.  
 
‘‘Environmental flows describe the quantity, timing and quality of water flows required to 
sustain freshwater and estuarine ecosystems and the human livelihoods and well-being that 
depend upon these ecosystems’’ (Brisbane Declaration, 2007). 
 
The success of restoration efforts depends upon understanding and modeling the complex 
relationship between hydrological patterns, fluvial disturbance and the responses in the 
relevant rivers and riparian zones (Arthington et al. 2009). However, restoration of rivers is 
associated with several challenges (Nilsson et al. 2005). It is often difficult to know how, and 
to which state we should restore ecosystems when the type and degree of degradation actions 
are unknown. Interventions by humans often took place centuries ago and we require 
historical documentation to get a better idea of what the original states could have looked like. 
Even if the historical states of structures and processes are known, it would still be difficult to 
recreate them. Hilderbrand et al. (2005) discuss five ‘myths’ of restoration that describe this 
problem. For example, the same kind of environments should respond identically to the same 
kind of restoration technique, or, just putting efforts in restoration of the geochemical and 
physical structures will be enough for the river ecosystem to rehabilitate by its own. Such a 
complex ecosystem as a river within a catchment at one specific location in the landscape is 
hard to restore successfully only by using theoretically predictable templates. The knowledge 
about responses to restoration is limited mostly because of the slow recovery rate of these 
ecosystems and the restricted monitoring efforts (Nilsson et al. 2005).  
 
Many of the river systems affected by log-floating in Sweden have been subjected to 
restoration during the last 10−20 years. The restoration has implied removal of barriers and 
replacement of material into the channels to slow down the water flow and favour deposition 
of organic material and sediment. Most restoration measures are however made on a trial and 
error basis and much basic knowledge about the design and outcome of restoration measures 
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is still lacking. For example, one fundamental question is: given a certain amount of money, 
where should this be spent to provide the most efficient result? In other words: are there 
locations that are more appropriate than others for restoration measures?  

1.3  Thesis objectives 
This thesis is written in connection to a PhD research project aiming at investigating the 
efficiency of riparian restoration on local and regional scales. According to landscape 
ecological theory the localization of water (and other) systems in the landscape is one of the 
most important factors in determining ecosystem structures and processes. I assumed that the 
efficiency of restoration varies with the location of sites within the drainage area, and with the 
elevational position in the riparian zone (as a reflection of variation in hydrological 
conditions). The project was designed as a comparison between restored and non-restored 
sites along the Vindel River, northern Sweden, which runs from the mountain area in the west 
to the coast of the Gulf of Bothnia. The efficiency of restoration measures was estimated by 
using phytometers that served as meters of establishment and production of biomass. I 
hypothesized that the efficiency of restoration should vary with (1) stream order and (2) 
climate (length of the vegetation period). 

2.  METHOD 
2.1 Study area 
The Vindel River 
The Vindel River is located in the provinces of Västerbotten and Norrbotten in northern 
Sweden. It originates in the mountain area, close to the Norwegian border in the north-west, 
and runs towards the south-east where it joins the Ume River about 40 km from the Gulf of 
Bothnia. Together with three other similar-sized, national rivers in Sweden, the Vindel River 
constitutes one of few remaining riverine ecosystems that is not, or very little, affected by 
hydropower stations or dams. Being a free-flowing river without static barriers, the Vindel 
River has a high potential to maintain natural landscape structures and ecosystem processes. 
During the last two centuries, both the main channel and its major tributaries were 
manipulated to benefit timber floating, but in recent years several restoration efforts have 
been made to restore the river channel back to a state that is more similar to its original state. 
However, some parts still remain non-restored, - a fact that makes the Vindel River especially 
interesting for comparing the effects of restoration with those of timber-floating.  
A main characteristic of a free-flowing river is its natural hydrograph. Compared to a river 
affected by hydropower, the Vindel river exhibits large variations in water flow and water 
level between and within seasons. For example, the lowest discharge in late winter could be 
<20 m3/s, while during extreme spring floods (as in 1995) it may reach 2000 m3/s (Persson 
and Jonsson 1997). These alterations of water flow enable flooding, sediment transport and 
nutrient deposition – all important processes for maintaining natural habitats and biodiversity 
in the future – on higher elevations of the river bank. 



9 

 
    Fig. 4. The catchment of the Vindel River and the 20 study sites. Note that  

 there are two reaches in each of Giertsbäcken, Mattjockbäcken and Rödån.  
                        From Lindh (2010). 

 

Study sites 
The project encompassed 20 study sites located over the entire catchment in both the main 
channel and in various tributaries (Fig. 4 and Table 1). To make comparable studies possible, 
the sites were studied as pairs in which one was restored and another non-restored. If possible, 
both stream reaches were located in the same watercourse, but if not, matching sites were 
chosen in adjacent streams or rivers being as similar as possible in terms of stream order, size 
and vegetation type. All sites had been affected by channel clearing and building of rock piles 
in the riparian zone to facilitate timber floating. After World War II bulldozers were 
frequently used to build such piles. Half of the sites had been subjected to restoration 
administered by a project led by Älvsbyn’s municipality between years 2000 and 2005. This 
restoration implied that the piles were removed and that the rocks were brought back to the 
channel. 

Levels of the river bank 
Three levels on the riverbank were studied (Fig. 5). Level 1 was located in the lower riparian 
zone well below the limit of the spring flood. Level 2 was positioned in the upper part of the 
riparian zone; also this affected by the spring flood, and level 3 was located in the uplands 
adjacent to the riparian zone.  

spring high

summer low

L

L
LLevel 1

Level 2

Level 3

 
               Fig. 5. The levels on the riverbank where the phytometers were planted. Figure by A. Dietrich. 
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Table. 1. The 20 study sites with corresponding restoration years, vegetation periods (days) and 
stream orders (2−7). 
 

Site  Restored Veg. Period (days) Stream order 
Giertsbäcken 1  2006  143.5  4 
Giertsbäcken 2  ‐  139.0  4 
Långforsen  2004  143.1  5 
Holmselforsen  ‐  139.8  5 
Njuktjer  2002  140.1  3 
Ribbikbäcken  ‐  145.1  2 
Jörbokforsen  2005  145.2  4 
Trollforsen  ‐  146.2  4 
Näresbäcken  2003  145.1  2 
Baselesbäcken  ‐  144.0  3 
Mattjockbäcken 1  2003  150.2  4 
Mattjockbäcken 2  ‐  149.6  4 
Kittelforsen  2003  152.8  7 
Lappselstryckan  ‐  150.7  7 
Mösupsbäcken  2005  151.1  3 
Vormbäcken  ‐  152.2  3 
Hjuksån  2004  157.9  4 
Kamsjöbäcken  ‐  157.4  3 
Rödån 1  2005  161.1  3 
Rödån 2  ‐  161.1  3 

 

2.2 Experimental design 
According to our hypotheses, the growth of the phytometers should vary with (1) length of the 
vegetation period and (2) size of the river. Therefore, sites were chosen along a climatic 
gradient between the mountains and the coast, and a stream order gradient represented by sites 
in streams of four different orders (but within the same region).  

Climatic gradient  
To test the hypothesis about a climatic influence, we studied six pairs of tributaries of the 
Vindel river. Three pairs were located above and three below the former highest coastline in 
order to control for eventual topographic influences. The length of the vegetation period in the 
catchment varies between 139 days (Giertsbäcken in the upper catchment) and 161 days 
(Rödån in the lower catchment). 

Stream order gradient  
To test the importance of stream size we used four pairs of streams of different orders. The 
smallest ones (orders 2−3) were Baselesbäcken and Näresbäcken, and the largest one (order 
7) were in the main channel of the Vindel River. All these sites were located above the former 
highest coastline and as close as possible to avoid climatic variation (or variation in other 
landscape factors). 



11 

Rearing 
To control for local adaptations of plants, the catchment was divided into three similar-sized 
areas and seeds were collected from each of these areas. Seeds were collected in the autumn 
and stratified in wet sand in a refrigerator over the winter. In the beginning of May, seeds 
were sown in small boxes filled with ca 50 mL of standard garden soil in a greenhouse. After 
sprouting, seedlings were thinned to one plant per box and were later placed outside the 
greenhouse for climatic adaption during at least two weeks.   

Planting 
The initial plant lengths were measured before transplanting them into the field. Five 
replicates of each phytometer were transplanted to each level on the riverbank in 2008. The 
seedlings had the soil attached to the roots to facilitate establishment. The intention was to 
plant the seedlings in the same area (one of three) in which seeds had been collected. Since 
the seeds from the most upstream area produced least seedlings, this area was also planted 
with seedlings from the middle area. Before planting, the aboveground vegetation was cleared 
within a circle ca 40 cm in diameter to reduce competition from already established species. 
The effects of clearing were assessed by establishing additional uncleared plots as references. 
After one season, the procedure was repeated in spring 2009 when new plants were added to 
the plots.   
 
Harvesting 
Phytometers were either planted in 2008 and grown for two seasons (from late June 2008 to 
September 2009) or planted in 2009 and grown for one season (from late June 2009 to 
September 2009). The length of all leaves of each phytometer plant was measured at the 
beginning and at the end of the growing season 2009. The sum of leaf lengths per plant was 
recorded as initial and final total length and the daily growth calculated as (final minus initial 
total length)/number of days. 

Data analysis 
To test whether the species responded differently in the restored and non-restored sites and at 
the different levels and positions in the landscape, we calculated the growth rate (cm/day) for 
all sites, respectively, and compared it to the length of the vegetation period, stream order and 
riverbank level. The growth rate data were compiled into four different groups: Filipendula 
ulmaria in restored and non-restored sites in 2008 and 2009, respectively, and the same for 
Molinia caerulea. The correlations between dependent and independent variables were tested 
using regression analysis.   
 
2.3 Study species 
The vegetation of a riverbank along a free-flowing boreal river is often organized into three 
different bands of vegetation. The uppermost band is dominated by riparian forest, typically 
Scots pine (Pinus sylvestris) and Norway spruce (Picea abies) and various deciduous trees. 
The middle band is dominated by shrubs, mainly Salix spp. and Vaccinium spp. The lowest 
band is characterized by herbs and grasses (Nilsson 1999). To cover a reasonably broad 
spectrum of plant behaviours, we chose one plant form from each band representing 
trees/shrubs, herbs and grasses. A main criterion for selection of a species was that it needed 
to be natural and common across the entire catchment. Three species were finally chosen. 
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Fig. 5. Transplanted samples of (left) Molinia caerulea, (middle) Filipendula ulmaria, (right) S. myrsinifolia × 
phylicifolia. (Photo: Anna Dietrich) 

Filipendula ulmaria L, Meadow sweet 
This perennial herb of the Rosaceae family reaches a height of 50−150 cm and is common on 
moist nutrient rich soils such as humid forests, meadowlands and stream edges. It often grows 
in large stands in conjunction to cold springs and is a relatively strong competitor as it grows 
fast and has large leaves. The stem is straight, hollow and reddish with multiple pairwise and 
toothed leaves. Filipendula ulmaria blooms in June to August with cream colored fragrant 
flowers that form 6−10 nuts at the end of season. These nuts are spiral twisted and hollow 
inside, which make them successful dispersers in running waters.  

Molinia caerulea L, Moorgrass  
This perennial grass of the Poaceae family grows in dense tussocks and is common on 
nutrient-poor soils in forests, meadowlands and along sandy riverbanks. The leaves are 
coarse, long and flat with straws up to one meter height. It is a fast colonizer of forests and 
riparian zones in the entire Sweden and reaches a height of 20−90 cm. It blooms in July to 
August and the flowers get characteristic long and purple blue spikelets during this period, 
which makes the grass very easy to recognize in the field. 

Salix myrsinifolia × phylicifolia L, Dark leaved willow × Tea leaved willow 
Salix is a common secondary succession species that often colonizes moist areas along 
brooks, moist meadows, road ditches and swamps. Hybridization of different Salix species are 
very common and S. myrsinifolia× phylicifolia is one of the most common hybrids. One 
unique characteristic is its early flowering period, starting in early spring and resulting in 
fruits during the first leaf-bursts. The seeds are small and green and disperse by the wind 
(Elmqvist et al. 1987).  

3.  RESULTS   
3.1  Establishment and biomass production   
The growth rate of the phytometers showed both positive and negative values compared to the 
initial measurements. Samples with positive values indicate a continuing plant growth after 
plants were transplanted to the field, while the negative values imply that the plant had lost 
biomass during the growth period. The mortality was quite high at some of the locations, 
especially for Salix (see section 3.2).   
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3.2 The climate gradient 
The climate gradient data are based on the length of the vegetation period associated with 
each site, plotted in relation to the growth rate. To show the differences between restored and 
non-restored sites, both were combined in the same graph. Note that the restored and non-
restored sites can have different length of vegetation period even if they were studied within 
the same river (Table 1).   
 
The results for each phytometer species are presented below. One group of transplants that 
had especially high growth values was observed at the restored site of Jörbokforsen 
(vegetation period of 145 days). The 2009 transplants of both Filipendula ulmaria and 
Molinia caerulea showed an increased growth rate compared to adjacent sites with a similar 
length of the vegetation period (Figs. 6:8 and 7:8).  
 
Filipendula ulmaria 
Samples of Filipendula ulmaria showed a clearly higher growth rate for the 2008 compared to 
the 2009 transplants and also a generally higher growth in the non-restored plots. The growth 
rate at level 1 of the non-restored sites transplanted in 2008 increased with vegetation period 
(p=0.04). Also the restored sites transplanted in 2008 (Fig. 6:2) showed this relationship at 
level 2 (p=0.09). The mean values for all levels in 2008 had a statistically significant linear 
correlation both for the restored (p=0.039), and the non-restored (p<0.001) plots. The data 
from 2009 were diverse for most levels. Compared to 2008, a main part of the 2009 samples 
showed a negative growth rate irrespective of the length of the vegetation period.  

Molinia caerulea 
The growth rate patterns of Molinia caerulea resembled those found for Filipendula ulmaria. 
Transplants from 2008 had a higher growth rate and a more clear correlation with the 
vegetation period than the transplants from 2009. The non-restored site transplanted in 2008 
had a significant correlation at level 1 (p=0.026) with increasing length of the vegetation 
period, and the same patterns were shown at level 2 (p=0.006 for restored, p<0.001 for non-
restored) and level 3 (p=0.005 for restored). The highest mean growth rates (Fig. 7:4) were 
observed at the longest vegetation period both for restored and non-restored sites, but only 
those in the non-restored plots were statistically significant (p<0.001).    

S. myrsinifolia × phylicifolia 
No patterns could be observed due to high mortality rate.  
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Growth of Filipendula ulmaria related to length of vegetation period 
 

 
 1) 2) 

  
 3)  4) 

 
 5)  6) 

 
7) 8) 

 
 

Fig. 6.  Growth rate (cm/day) of Filipendula ulmaria related to length of vegetation period (days) at each 
site. Data for each planting year (2008 or 2009) and each level (1−3) on the riverbank are presented in the 
different graphs (1−8). To avoid local differences, one summary graph shows the mean value of all levels 
together. Graphs 1, 2 and 4 have significant correlations in (1) the restored site, (2) the non-restored site, and 
(4) both restored and non-restored sites. The correlations are shown as linear regression curves, marked as           
___ __for restored and  - -■ - -  for non-restored. 
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Growth of Molinia caerulea related to length of vegetation period 
 

 
 1)  2) 

  
 3)  4) 

 
 5)  6) 

 
 7)  8) 

 
 

Fig. 7. Growth rate (cm/day) of Molinia caerulea related to length of vegetation period (days) at each site. 
Data for each planting year (2008 or 2009) and each level (1−3) on the riverbank are presented in the 
different graphs (1−8). To avoid local differences, one summary graph shows the mean value of all levels 
together. Graphs 1−4 and 8 have stastistical significant correlations (p<0.05) − (1) at the non-restored site, (2) 
at the restored and non-restored site, (3) at the restored site, (4) at the non-restored site, and (8) at the non-
restored site. The correlations are shown as linear regression curves, marked as ___ __ for restored and 
 - -■ - -  for non-restored. 
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3.3 The stream order gradient 
 The growth data from both the restored and non-restored sites were plotted in relation to each 

stream order and level on the river bank. Both the restored and non-restored data were 
presented in the same graph to enable comparisons. The standard deviations of each data set 
(5 samples at each level, respectively) were marked for each bar.  
 
Filipendula ulmaria 
The general pattern for the samples of Filipendula ulmaria was that the plants transplanted in 
2008 had grown higher than the ones transplanted in 2009. The largest growth rates were 
found for transplants from 2008 at level 1 at the restored sites, with 0.26 cm/day in 
Jörbokforsen and 0.24 cm/day in Näresbäcken. However, the 2009 transplants at the same site 
and level showed a clearly lower growth rate (0.05 cm/day in Jörbokforsen and 0.15 cm/day 
in Näresbäcken). The lowest growth rates were found in 2009 at level 3, where all sites but 
Kittel−Lappsel showed negative values. The growth rate seemed to decrease the higher up on 
the river bank the phytometers were planted. According to the mean growth showed in the 
graphs in Fig. 8:4 and 8:8, there was no significant relationship between the growth rate and 
the stream order for Filipendula ulmaria, neither between the restored and non-restored plots.  
 
Molinia caerulea 
Observation of the Molinia caerulea transplants showed that they had easier to adapt to the 
new site conditions compared to the Filipendula ulmaria transplants, and the growth rates 
were generally higher. No correlations could be seen between the stream order and the 
productivity at this time. However, as for Filipendula ulmaria, the highest productivity was 
found in the restored site Jörbokforsen. The growth rate there was clearly higher than at the 
non-restored site Trollforsen in the same stream order.   
 
S. myrsinifolia × phylicifolia 
The Salix transplants had a mortality of 60% (all samples on 12 of 20 sites died). Shoots that 
actually grew were found at the sites Njuktjerbäcken (restored), Hjuksån (restored), Rödån 
(restored and non-restored), Mattjock (restored and non-restored) and Mösups−Vorm 
(restored and non-restored). No further patterns could be observed along the stream order 
gradient.  
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Growth of Filipendula ulmaria related to stream order and level on the river bank 
 

 
 1) 2) 

 
 3)  4) 

 
 5)  6) 

 
 7) 8) 
 
 

Fig. 8. Growth rate (cm/day) of Filipendula ulmaria related to stream order. Data for each planting year 
(2008 or 2009) and each level (1−3) on the riverbank are presented in the different graphs. To avoid local 
differences, one summary graph shows the mean value for all levels together. Stream order 2/3: 
Näres−Baseles, 4: Jörbok−Troll, 5: Lång−Holmsel, 7: Kittel−Lappsel. ■: restored and ■ : non-restored. 
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Growth of Molinia caerulea related to stream order and level on the river bank 
 

 
 1)  2) 

 
 3) 4) 

 
 5 ) 6) 

 
7)  8) 

 
 

Fig. 9. Growth rate (cm/day) of Molinia caerulea related to stream order. Data for each planting year (2008 
or 2009) and each level (1−3) on the riverbank are presented in the different graphs (1−8). To avoid local 
differences, one summary graph shows the mean value of all levels together. Stream order 2/3: 
Näres−Baseles, 4: Jörbok−Troll, 5: Lång−Holmsel, 7: Kittel−Lappsel. ■: restored and ■ : non-restored. 
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4.  DISCUSSION 
4.1  Follow-up criteria 
The aim of river restoration projects is to preserve or increase the capacity of local ecosystems 
to produce goods and services and in many cases to also protect ecosystems further 
downstream the catchment. The interest in restoring riverine environments affected by timber 
floating grew steadily after the floating era was phased out, and today several northern 
Swedish rivers have been subject to some kind of restoration. However, the outcome of most 
of these projects has not been evaluated. This is not a specific Swedish problem. In general, 
effects of different river restoration techniques, whatever the aims, are poorly known 
(Bernhardt et al. 2005, Palmer and Bernhardt 2005). The lack of evaluations is a major 
problem given the need for knowledge to make the best out of new restoration projects. 
Authorities and private actors have to learn more about how to do effective river restorations 
in certain areas in order to improve techniques and avoid failures and mistakes (Kondolf and 
Smeltzer 2001), and evaluations need to be a natural part of restoration plans and budgets. 

One of the most difficult elements in evaluating a restoration outcome is to know whether or 
not the ecosystem has improved. Palmer & Bernhardt (2005) propose five criteria that need to 
be fulfilled before a restoration could be termed successful:  
 

• The design of the restoration project should be based on a guiding image of a healthier 
and well functioning river, preferable in the same catchment. 

• The improvements of the ecosystem must be measurable. 
• The river ecosystem must have enough resilience capacity and be self-sustainable in 

order to recover from external impacts. 
• No lasting harm on the ecosystem. 
• Both pre- and post evaluations of the ecosystem should be made and published in 

order to make comparisons possible. 
 

How large the evaluation part will be depends on the size of the area that has been restored, 
how intensive the restoration has been, and for what purpose the restoration was made (which 
parameters that have to be measured). Smaller areas can be evaluated in more detail, while 
larger areas for practical reasons have to be more generally evaluated. Overall, it is helpful if 
the restored site in an evaluation can be compared with both an unaffected and a non-restored 
site. Otherwise, it can be difficult to judge if the restoration efforts have been successful or 
not (Nilsson 2007). 
 
Depending on which factors are targeted in a restoration, many different methods are 
available for evaluating river restoration in Sweden. For example, one method is to restore 
meanders that have been cut off following channelization (Fig. 2). It is relatively easy to 
follow up the improvements of such a project. By investigating for example species richness 
and biomass production before and after the restoration, results can be compared and provide 
an idea of the river status. If improvements such as reestablishment of native species 
populations, higher growth rates or larger population sizes can be observed, the restoration 
has probably succeeded. However, it is very important to remember the time aspect of 
restoration. Species require different times to establish and rehabilitate after a restoration and 
natural extreme events such as large floods and low temperatures may mislead interpretation 
of results. The evaluation should therefore be arranged as a longer project that measures the 
status repeatedly. Climate change is also an uncertain factor in that it is not known how it 
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affects restored ecosystems and most restoration projects do not take anticipated climate 
changes into account when they are designed. This is another important reason why restored 
rivers should be followed up over several decades after a restoration.   

4.2  Establishment and biomass production 
In this study, several phytometer samples indicated loss of biomass during the growth period 
and a decreased plant length when harvested. This negative growth rate and death is probably 
a result of physical damage to the plant, such as wind disturbance or heavy rains. At a natural 
site, competition for nutrients by other plant species could be a major factor inhibiting growth, 
but because we cleared the plots before transplantation, this risk should be minimized. 
However, light reduction by shading from taller, surrounding plants could have been a factor 
hampering growth. Trampling and insect feeding are also threats especially to herbs, but there 
were no indications of such impacts.  
 
The phytometers transplanted in 2008 showed increased growth rate and their biomass was 
correlated with the climate- and stream order gradients (Fig. 6:4 and 6:8). Those plants were 
grown for two seasons, compared to one season for the transplants harvested in 2009. As a 
result, these samples could more easily find nutrients and establish roots, resulting in an 
increased growth rate and a better adaptation to new conditions. Our results show that time for 
adaptation is important to consider in future similar studies.  

4.3  Growth rate in restored and non-restored sites 
Contrary to our predictions, no significant differences could be observed between the growth 
rate in restored and non-restored sites, independent of level. One of the major difficulties in 
restoration today is the lack of knowledge about how appropriate restoration measures should 
be accomplished. There are several factors worth considering, e.g. when increased biomass 
production and reestablishment of species can be observed. The adaptation to restoration 
actions varies among organisms and species. For some, a few years can be sufficient for 
observing reestablishment and resilience (Nilsson 2007). However, each ecosystem has its 
own unique location in the landscape, and has been subject to local geological processes and 
human activities, resulting in local variation among sites. The fact that our results did not 
show any differences between restored and non-restored sites could be due to these aspects, 
making data difficult to interpret. The restoration at these sites was conducted between 2003 
and 2006. To judge from the results, this time range may not be sufficient for a rehabilitation 
of riparian vegetation to take place.  
 
The growth rate of Filipendula ulmaria and Molinia caerulea at the restored site Jörbokforsen 
was higher compared to other restored sites. Pictures of the river after the restoration show 
improvements with regard to decreased channelization and increased heterogeneity of the 
stream (Fig. 10). In comparison with other restorations made in this area (Fig. 11) the 
restoration of Jörbokforsen is markedly more pervasive, which can explain our results. 
Boulders were returned to the channel, resulting in decreased flow velocity and depth. This 
facilitated flooding of the riparian zones and the input of additional sediment and nutrients to 
the soil. This may explain the observed increase in growth rate, suggesting that restoration has 
been beneficial. 
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Fig. 10. Jörbokforsen before and after the restoration. The picture above shows a straight river channel with no 
boulders or woody material, - typical characteristics for a non-restored river used for timber-floating. Below: A 
restored part of the river where boulders have been moved back to the channel which has become wider and 
deeper (photos: Stig Westbergh). 

 

 
Fig. 11. An non-restored (above) and restored (below) site of Rödån. Compared to Fig. 10, the impacts of 
timber-floating were less pronounced which makes the difference between the two types of sites less obvious 
than in Jörbokforsen (photos: Anna Dietrich).    
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4.4  Growth rate in the gradients – a question of rehabilitation time?  
This study should be repeated in the future to judge if a longer rehabilitation time after 
restoration will produce a more distinct difference between the restored and the non-restored 
sites. Resilience means the ability of an ecosystem to return to its former state following a 
disturbance or stress (Wali 1999), or the time required to return to its former state (Mitchell et 
al. 2000). It is difficult to predict how long a time dynamic systems such as riparian zones 
may require to recover, because even with a high resilience capacity, the recovery time may 
be very different among species. Annual herbs for example, may recover by producing and 
spread more seeds, whereas woody species and clonal perennials such as Salix may recover 
by increased vegetative sprouting (Richardson et al. 2007). 
 
In reality, the prediction that recovering ecosystems can return to a pre-disturbance state is 
rarely supported in nature. Bradshaw (1988) illustrates several pathways that a disturbed 
ecosystem may follow after a major disturbance (Fig. 12). A restoration may increase the 
probability for an ecosystem to recover to a prior state, but more likely, it results in an 
endpoint (or dynamic equilibrium) that is different from the pre-disturbance one because of 
natural successional and geochemical processes. As a matter of fact, our diverse results do not 
yet provide any indication of a return to any kind of pre-disturbance state. Such circumstances 
do not facilitate the situation for river managers.   
 
The phytometer growth rates were not correlated with stream order in any of the study sites. 
The higher growth rate of transplants at Jörbokforsen was the cause of the stream order 4 bar 
being higher than the others, probably due to a more successful restoration and a high 
resilience capacity. Neither did the study of the climate gradient (Figs. 6 and 7) corroborate 
our hypothesis that growth rate should be correlated with the length of the vegetation period. 
We observed that the growth rate was highest at the lowest part of the riverbank at level 1. 
This was expected due to the constant transport of nutrients and water in the stream, but these 
plants have also been affected by the longest flooding, which could have limited growth. 
Transplants at level 2 had an intermediate growth rate, and those at level 3 in vicinity to the 
 
 

 
Fig. 12. Recovery pathways of a disturbed biological community where A and B are 
potential endpoints of recovery. From Milner (1996) after Bradshaw (1988).    
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more nutrient poor pine forest had the lowest growth rate. We also observed a lower growth 
rate for the 2009 transplants grown only during one season, than for the transplants from 2008 
(Figs. 6:4, 6:8 and 7:4, 7:8).  
 
In addition, a major part of the Salix transplants had problems to establish and were found dry 
and dead at a majority of sites. If this experiment will be repeated, the phytometers should be 
grown for more than one season at the sites to get a chance to establish and adapt better to the 
new conditions. In addition, a development of the method using cut and rooted Salix twigs as 
a phytometer might provide further insight in the recovery of riparian vegetation after river 
restoration. 
 
The goal of the restoration of the Vindel River was to preserve or improve ecosystem 
functions and services while protecting ecosystems in the catchment further downstream. This 
study does not show such improvements between restored and non-restored sites after two 
seasons. Neither was there a clear correlation between growth rate and vegetation period or 
stream order. However, there are still transplants of Filipendula ulmaria, Molinia caerulea 
and Salix myrsinifolia × phylicifolia left at all sites growing for a third season. It remains to 
be seen whether, and if so when, these will provide a more clear response to the conditions 
changed by the restoration measures in the river.  
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