
 

Effects of restoration on instream 
bryophyte communities  

Monitoring  of two different restoration techniques in the 
Vindel River system 

Lisa Sandberg 

 
 

 

 

 

 

 
Degree Thesis in Ecology 30 ECTS  

Masterôs Level  

Report passed: 2015 - 01 - 26   

Supervisor: Christer Nilsson   



 

 

 

  



Abstract  
 

Ecological restoration is the practice of assisting the recovery of a degraded, damaged or 

destroyed ecosystem. The aim of this study was to analyse the effects of two different 

restoration techniques on instream bryophyte  abundance, species richness and diversity as 

well as community composition , in streams channelized for timber -floating.  Instream 

bryophytes were collected from 10 tributaries of the Vindel River in boreal northern Sweden, 

from  five stream reaches each of channelized reaches, which had not been restored; reaches 

restored in the early 2000s, using best-practice techniques; and reaches restored in the early 

2000s and then re-restored in 2010 using the new ñdemonstrationò techniques. A multitude 

of environment al variables were also measured at the sites. Bryophyte abundance was lower 

in demonstration restored sites than unrestored or best -practice restored sites but no 

significant difference was found in bryophyte species richness, diversity  or species 

composition. Environmental  variables correlated with  bryophyte abundance, species 

richness, diversity and composition largely reflected effects of restoration, and probably the 

disturbance associated with restoration. Small sediment grain sizes also had a negative effect 

on species richness. Other environmental variables that influenced bryophyte species 

composition  were the large-scale factors of latitude, longitude and elevation  and reach-scale 

factors of potassium concentration and light absorbance. It is not yet possible to fully 

evaluate the effectiveness, in terms of bryophyte response, of the new demonstration 

restoration compared with best -practice since the recovery time between them differs and 

has not been sufficient. Long-term monitorin g of the effects of restoration  is needed in order 

to better evaluate success. 

 

Keywords: restoration, timber -floating, instream bryophytes, boreal river system, 

disturbance  
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1 Introduction  
 
Restoration ecology is a young science, on which some argue that our planetôs future depends 

on (Roberts et al. 2009). Ecological restoration is the practice of assisting the recovery of an 

ecosystem that has been degraded, damaged or destroyed (SER 2004). The most common 

objective of restoration projects is to return to some past conditi on of an ecosystem, either by 

restoring only the abiotic conditions of a site, such as site topography and hydrology (Kareiva 

and Marvier 2011), or by also speeding up biotic recovery through reintroduction of species 

(Begon et al. 2006). The most common approach is to focus on restoring the abiotic 

conditions, hopi ng that the biota will recover by itself ( Kareiva and Marvier 2011), a view that 

is referred to as the ñfield of dreamsò hypothesis (Hilderbrand et al. 2005). This restoration 

approach is also prioritized by the EU Water Framework Directive (Hagen et al. 2013), in its 

work towards achieving good ecological and chemical status for all surface waters in the 

European Union (European Commission 2014 A). As part of a recent call for research grants, 

the European Commission (2014 B) states that a lot of expertise has been accumulated, but 

now there is a need for knowledge, technologies and capacity to grow and be shared rapidly 

for the full potentia l of restoration to be achieved. Thus, monitoring the effects of restoration 

and sharing the results are a relevant and central part of restoration work.  

 

In Sweden, restoration efforts are largely focused on ecosystems where previous land use 

types have been abandoned, and are mostly directed at streams, rivers and other freshwater 

systems (Hagen et al. 2013). As in other countries in the boreal zone (Törnlund and Östlund 

2002), Swedish river systems have a history of being modified and used for timber floating by 

the forestry industry. Channelization had severe consequences for  stream morphology and 

led to deteriorated conditions for stream macroinvertebrates and fish (Naturvårdsverket 

2007) . The Vindel River system is a free-flowing river in northern Sweden that, together with 

its tributaries, was heavily modified by channelization during the ti mber-floating era. It has 

since been partly restored using ñbest-practiceò methods. It is now included in EUôs LIFE 

program (European Commission 2014 C, Vindel River LIFE 2014 A)  and within this project a  

new more advanced restoration technique called òdemonstration restorationò has been 

applied to streams already restored using best-practice methods in the early 2000s. A study 

by Gardeström et al. (2013) of the effects of both best-practice and demonstration restoration 

in the Vindel R iver system showed that demonstration sites had significantly reduced and 

more variable current velocities and wider channels than unrestored channelized sites. 

Furthermore,  a study by Polvi et al. (2014) of the effects of both restoration techniques, using 

multiple complexity  metrics, showed significantly higher geomorphic complexity in 

demonstration sites than in unrestored  channelized sites. These studies suggest that 

demonstration restoration is more effective than best-practice methods, at least in terms of 

increasing variation in hydrology and geomorphic complexity.  

 
Ecological theory states that increases in habitat heterogeneity and complexity will lead to 

greater biodiversity (Palmer et al. 2010). Since the instream abiotic conditions have improved  

in terms of complexit y after restoration in the Vindel River system, it is expected that  

instream organisms should be able to recover. However, this assumes that organism pools 

are available, locally or regionally, and that organisms are able to spread. This makes the 

biotic r esponses a question of both scale and time (Gardeström et al. 2013). Channelization of 

rivers all the way from headwaters to the mouth may have led to a heavy reduction or even 

extinction of species in the main channel, which leaves recolonization entirely up to colonist 
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pools in smaller unfloated tributaries (Nilsson et al. 2014). The physical disturbance during 

restoration  by excavators could have temporarily reduced the abundance and species 

richness of many organisms (Nilsson et al. 2005). A review by Nilsson et al. (2014) of 18 

studies describing abiotic and biotic responses to restoration of timber -floated streams in 

Fennoscandia demonstrates that there are only minor signs of biotic recovery still after two 

decades. However, community development in boreal regions is slow and may require 

decades or centuries to reach their full recovery potential (Nilsson et al. 2014).  

 

The most commonly surveyed organism groups in streams are fish and benthic 

macroinvertebrates (Paavola et al. 2003). Bryophytes have often been overlooked, although 

they make up an important component of the stream ecosystem (Stream Bryophyte Group 

1999). Bryophytes are a key retentive structure in boreal forest streams (Muotka and 

Laasonen 2002) and they can strongly influence both the abundance and community 

structure of stream invertebrates ( Stream Bryophyte Group 1999). Bryophytes are not 

commonly eaten by invertebrates, but seem to provide food for them through supporting 

epiphytes and trapping organic matter  (Suren and Winterbourn 1992) . Some of these 

invertebrates in turn provide a food source for larger insects. Bryophytes also increase 

habitat heterogeneity and the habitable area of streams (Englund et al. 1997). Bryophyte 

cover affects the bottom structure, as well as near-bottom and intra -gravel hydraulics 

(Heggenes and Saltveit 2002). Liverworts and mosses seem to have different effects on 

organisms because of differing growth-forms producing differing bottom structures . For 

example, the moss Fontinalis spp. provides more cavities and shelter from the current , which 

could benefit brown trout (Heggenes and Saltveit 2002).   

 

Little is know n about the effect of stream channelization on instream bryophytes. However, a 

review by Muotka and Syrjänen (2007) on a set of studies of Finnish streams showed that 

bryophyte cover in channelized streams was very close to that of near-natural reference 

streams. This is probably due to the fact that bryophytes had enough time to recolonize these 

channelized streams after being disturbed (Muotka and Laasonen 2002). Restoration of 

streams has been shown to lead to dramatic losses of instream bryophytes because of 

excavators driving in the  stream bed, causing bryophytes to detach from large areas (Muotka 

and Laasonen 2002, Muotka and Syrjänen 2007).   

 

Monitoring  of the effects of restoration on stream reach geomorphology as well as ecological 

effects is an important part of the Vindel River LIFE project (Vindel River LIFE 2014  B). It is 

likely that restoration initially has decreased instream bryophyte abundance severely and not 

certain that recovery is yet complete, but in the review by Nilsson et al. (2014) most studies 

showed a recovery of instream bryophytes to pre-restoration and natural levels  about eight 

years after restoration. However, little is known about the effect of restorations on the 

bryophyte community structure and the recovery of different species.  

 

1.1 Objectives  

I examined instream bryophytes collected from three different types of stream reaches in 

tributaries of the Vindel River: channelized reaches, which had not been restored; reaches 

restored in the early 2000s, using best-practice techniques; and reaches restored in the early 

2000s and then re-restored in 2010 using the new demonstration techniques. The objectives 

were to (1) determine if bryophyte abundance, species richness and diversity are different in 

sites of different restoration statuses; (2) determine if any environmen tal variables can 
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explain variation found in bryophyte abundance, species richness and diversity; (3) 

determine if bryophyte species composition is different in sites of different restoration 

statuses; and (4) determine if any environmental variables can explain differences found in 

bryophyte species composition. By addressing these objectives I have helped to evaluate the 

effects of the two different restoration techniques on instream bryophytes as well as evaluate 

the state of recovery of bryophytes after restoration . I  hypothesized that restoration of stream 

reaches would lead to increased bryophyte species richness and diversity and that the more 

recently restored demonstration sites would have lower bryophyte abundance than 

unrestored channelized or less recently restored sites. I also hypothesized that species 

composition would be different in sites of different restoration statuses.  

 
 

2 Material and methods  
 

2.1 Study area  

All  stream reaches included in this study are located in tri butaries to the Vindel River in  the 

boreal region of northern Sweden. The Vindel River, 453 km long and with a drainage area of 

12 650 km², is a free-flowing river originating in  the Scandes Mountain s, on the border 

between Sweden and Norway. It  flows southeast to the coast where it joins the Ume River 

just 25 km from the Gulf of Bothnia . It is one out of four national rivers in Sweden and 

protected from development of hydropower  and water diversions to other rivers 

(Länsstyrelsen Västerbotten and Naturvårdsverket 1997). However, the Ume River is heavily 

developed for hydropower and a power station is located between the confluence of the rivers 

and the coast. This occasionally affects the water level in the lower parts of the Vindel River, 

as well as hinders organism migration. The problem is mitigated with a  fish ladder by the 

power station. The river and its tributaries are also part of Natura 2000 ï an EU-network 

with the aim of protecting particularly important and threatened habitats and species 

(Länsstyrelsen Västerbotten 2005). The river is composed of alternating low-gradient reaches 

with slow flowing water and steep-gradient reaches with fast flowing water. The water flow is 

characterized by great seasonal variation, with late winter flows down to 15 m3/s and spring 

floods potentially 100 times larger, up to 1650 m3/s . This seasonal alternation in water flow is 

the main process shaping the river environment  (Länsstyrelsen Västerbotten and 

Naturvårdsverket 1997). The surrounding landscape is dominated by managed, seminatural, 

forest (Nilsson et al. 2014). 

  

Channelization of Swedish streams took place between years 1850-1980 and included more 

than 30,000 km of the major rivers and tributaries in Sweden - almost all river  stretches 

outside the alpine areas (Törnlund and Östlund 2002). Channelization of rivers and streams 

meant that they were straightened and cleared of coarse sediment (boulders and cobbles) and 

large woody debris. Constructions of rock s and wood were built  to block side channels and 

meanders which disconnected the channel from the riparian floodplain. Th ese developments 

had a major impact on the environmental conditions of the river systems ï channel 

morphology was simplified, channel width reduced, interac tions between the stream and the 

riparian zone were reduced or interrupted, and stream current velocities were increased and 

homogenised, which all lead to an increase in sediment erosion (Nilsson et al. 2005, Helfield 

et al. 2007, Engström et al. 2009, Gardeström et al. 2013, Vindel River LIFE 2014  A).  
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After the 1950s timber floating was gradually replaced by road transportation, and t imber -

floating in the Vindel River ceased after 1976 (Länsstyrelsen Västerbotten and 

Naturvårdsverket 1997). Since the 1980s, with  further  efforts in the early 2000 s, many of the 

effected rivers have been restored with best-practice methods with the primary goal of 

increasing salmonid popul ations and fish habitat quality in general (Gardeström et al. 2013, 

Polvi et al. 2014). Most restoration was done with best-practice methods, when knowledge 

about this type of river restoration was still limited. Best-practice methods included 

increasing channel complexity by removing constructions that closed off side-channels, 

returning  coarse sediment from channel edges back to the channel, and restoring spawning 

areas for fish (Engström et al. 2009, Gardeström et al. 2013). Since 2010, the Vindel River 

was included in a collaborative project between Umeå University, Vindel River Fishery 

Advisory Board, the Swedish University of Agricultural Sciences and the Swedish Agency for 

Marine and Water Management, funded by EUôs LIFE program (European Commission 2014 

C, Vindel River LIFE 2014 A). The general objective of the Vindel River LIFE project was to 

achieve a good water status in the project area, with reference to the EU Water Framework 

Directive, and a good conservation status for species in the project area, according to the EU 

Habitat Directive  (Vindel River LIFE 2014  A). The demonstration r estoration methods within 

this project  included transport ation of  large boulders from upland areas to the stream 

reaches, since original boulders were destroyed with explosives, and placement of large 

uprooted trees in the channel (Gardeström et al. 2013, Polvi et al. 2014). Spawning areas 

were also restored by adding gravel to demonstration restored sites (Gardeström et al. 2013). 

This work was done in 2010, and both best-practice and demonstration restorations were 

initially done using excavators (Gardeström et al. 2013). 

 

The studied stream reaches are located in 10 different tributaries  of the Vindel River  and 

include five stream reaches each of channelized, best-practice restored and demonstration 

restored (Figures 1 and 2). Demonstration restorations were performed  in streams previously 

restored with best-practice techniques, to optimize comparisons between restoration 

techniques. Distances between sites in the same stream were at least 200 meters.  
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Figur e 1. Map of the location of study sites. Sites are labeled with stream names with restoration status in 
brackets: C = unrestored channelized; R = best-pra ctice restored; D = demonstration restored.  

 

 
Figure 2. Examples of stream reaches representing each restoration status: a) unrestored channelized 

(Bjurbäcken S), b) best-practice restored (Mattjokkbäcken), c) demonstration restored (Mattjokkbäcken). 

Photo credits: Lisa Sandberg.  


