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Abstract 
The increase in ecological restoration can be attributed to valuation of healthy 
ecosystems and concerns for future climate changes. Freshwaters belong among the 
globally most altered ecosystems and are restored to counteract human impacts. 
Many Swedish streams that were channelized to facilitate timber floating have been 
restored by returning boulders and reconnecting riparian with instream habitats. 
Evaluation of restoration lacks reliable indicators of organism performance, possibly 
due to the complexity of ecosystem responses. Phytometers, i.e. standardized plants 
transplanted to different environments, are important indicators of restoration 
success. Phytometers integrate multiple environmental factors and measure 
ecosystem functions directly. This thesis combines a literature review with three 
experiments and focuses on phytometer use for evaluating ecological restoration. We 
recommend using different phytometer species, life-forms and life-stages and long 
experiments (>1 year) to obtain high resolution and generality (I). In greenhouse and 
field experiments we investigated the effect of restoring channelized rivers on 
phytometers and abiotic variables in the riparian zone. We hypothesized that 
phytometer performance varies with stream size and climate. In the greenhouse, we 
analysed differences in fertility between channelized and restored reaches by growing 
phytometers on soils from experimental sites (II). Phytometers grew better on soils 
from restored sites in small streams, indicating a positive effect of restoration on soil. 
We detected this effect already 3-7 years after restoration, suggesting a faster 
recovery than predicted. In a short-term field experiment focusing on germination 
and establishment of sunflowers, seedling survival, substrate availability, and soil 
nutrient content in large streams were enhanced by restoration (III). Overall, 
phytometers performed best at high altitudes and short growing seasons. The use of 
Molinia caerulea and Filipendula ulmaria as phytometers in a long-term field 
experiment (IV) revealed a better performance at restored sites. One reason was that 
summer flow-variability was higher, particularly in medium-sized streams. Since 
phytometers allocated more biomass to belowground parts at restored compared to 
channelized sites, it seems important to separate above- and belowground biomass in 
restoration evaluation. Restoration outcomes vary with location in the catchment. 
Knowing such potentially different responses could guide restorationists in where to 
locate restoration to be effective or successful. We suggest that small streams react 
particularly fast to restoration. Given that the proportion of small streams is high and 
that restoration success in headwaters may favour downstream reaches, we 
recommend restoration to begin in tributaries to larger rivers. It is not always known 
why phytometers react the way they do. Greenhouse experiments can disentangle the 
causes of phytometer responses in the field by focusing on single environmental 
factors. We demonstrate that phytometers integrate ecosystem responses to 
restoration by reflecting how environmental factors affect plants under field 
conditions. Further studies are needed to better understand the underlying 
mechanisms.  

Keywords: Bioassay; Channelization; Ecosystem change; Ecosystem response; 
Environmental disturbance; Indicator; Plant performance; Riparian Zone; Stream 
restoration; Sweden; Transplants; Vindel River catchment 
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Introduction 

Ecological restoration 
Ecological restoration is defined as “the process of assisting the recovery of 
an ecosystem that has been degraded, damaged, or destroyed” (SER 2004). 
The interest in ecological restoration has increased rapidly since the 1980s 
(Fig. 1), a development that can be attributed to the growing awareness of 
the value of healthy ecosystems, combined with the concerns for future 
changes in climate (Gardeström et al. 2013). This increase has augmented 
the need for comprehensive assessments of restoration success, not least as a 
way to provide feedback to the developers of restoration methods (Bond & 
Lake 2003; Giller 2005; Gillilan et al 2005; Jansson et al. 2005; Palmer et 
al. 2005). Restoration often follows certain assumptions, such as that a 
single predictable endpoint of recovery exists (Carbon Copy) or that the 
restoration of abiotic conditions will lead to a self-assembly of the biotic 
composition and function of the ecosystem (Field of Dreams) (cf. ‘the myths 
of restoration ecology’; Hilderbrand et al. 2005). Often, techniques that were 
successful at one site are applied elsewhere without being sufficiently 
validated to be appropriate for the present environmental conditions 
(Cookbook approach). The existence of these theories reflects the 
uncertainties around restoration methods and the lack of critical assessment 
of their success (Hilderbrand et al. 2005). Assessments are, however, further 
complicated by the fact that ecosystem responses and recovery processes 
highly depend on the degree and history of degradation, as well as the site-
specific conditions (Sarr 2002). Systems may recover readily (‘rubber band’ 
model) or asymmetrically along different trajectories (‘hysteresis’) and 
including time lags, or they may be irreversibly damaged (’Humpty-Dumpty’ 
model) (Sarr 2002). Studies have shown that so far, monitoring, assessment 
and hypothesis testing are not prioritised goals of restoration projects (Lake 
2001; Bernhardt et al. 2005). For example, only around 10% of restoration 
projects compiled by the General Accounting Office in the USA provide 
evaluation of restoration efforts (Bernhardt et al. 2005). Furthermore, even 
though most restoration projects have ecology-related goals, monitoring 
often does not evaluate ecological success, but rather economic, social and 
aesthetic factors (Palmer et al. 2005; Jähnig et al. 2011). These factors are 
important but not suitable for verifying if the desired ecological goals have 
been achieved. 
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Fig 1. Number of studies 
published in the Web of 
Science mentioning the words 
“restoration” + “ecology” in 
their abstracts, between 1986 
and 2012. 

 
 

Lake (2001) and Brooks et al. (2002) point out the need for hypothesis 
testing to assess restoration outcomes and to develop ecological theory and 
application in restoration ecology. Outcomes of restoration are better 
interpretable if the mechanisms responsible for degradation and recovery 
are understood and formulated as testable hypotheses (Jansson et al. 2005), 
calling for the design of evaluations of restoration success as ecological 
experiments. Although experiments often can be criticized for being overly 
simplistic or even misleading (Underwood 1991), fields where descriptive 
studies predominate would benefit more from inferences drawn from 
controlled manipulations than from observations or ‘intuition’ alone 
(Clements & Goldsmith 1924; Antonovics & Primack 1982; Sanders & 
McGraw 2005). 
 
Many ecological processes respond slowly to changed conditions and 
disturbed ecosystems may need considerable time before the full effect of 
restoration is evident (Magnuson 1990; Turner et al. 2003). Bond & Lake 
(2003) criticize short-term evaluation of restoration success for ignoring the 
possibility of lag effects in ecosystem responses. Disregarding such time lags 
may cause problems as short- and long-term responses often differ, and lead 
to misjudgements when extrapolating from short-term experiments to the 
long-term (Magnuson 1990; Milchunas & Lauenroth 1995; Foster 2000). 
Therefore, the evaluation of restoration success should account for that 
ecosystems respond to restoration measures at different rates (Lake 2001). 
 
Evaluations of restoration require indicators of ecological change. Such 
indicators should be meaningful, affordable, repeatable, easily measured, 
sensitive and responsive to change, and integrate many aspects of change 
(Dale & Beyeler 2001; Palmer et al. 2005). Ecological restoration benefits 
from indicators that measure ecosystem functions directly, as opposed to 
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indirect measurements that use, for example, physical proxies of ecosystem 
functions (Brooks et al. 2002). In order to measure distinct functions or 
changes appropriately, it is important to consider that selection of indicators 
should depend on their specific properties, which will vary with the desired 
goals (Brooks et al. 2002; Palmer et al. 2005). 

Phytometers 
Phytometers are transplanted individual plants serving as environmental 
measuring “instruments” (Clements & Goldsmith 1924; Gibson 2002). 
Initially designed to cope with the inability of using physical parameters to 
express physiological activity, the use of phytometers has now a long history 
in quantitative ecology for obtaining environmental and ecological data in 
regard to the “cause-and-effect relationship between a plant and its habitat” 
(Clements & Goldsmith 1924; Antonovics et al. 1987). Phytometers can be 
placed in a series of environments, such as new abiotic conditions or 
different communities, and differences in their growth response in 
comparison with reference conditions will indicate changes in certain 
environmental parameters (Clements & Goldsmith 1924; Antonovics & 
Primack 1982; Landenberger & Ostergren 2002). The establishment of a 
phytometer can also signal the effects of a stressor or disturbance on many 
ecological characteristics. Information on the magnitude of stress and 
disturbance and the subsequent plant response can thus be assessed easily 
even in complex systems (Landenberger & Ostergren 2002). The strength of 
phytometers is their ability to integrate multiple environmental factors by 
reflecting realistically how a plant experiences its environment (Leicht-
Young et al. 2007). Furthermore, they are easy to measure and can provide 
rapid results, and they have therefore the potential to be an effective tool for 
assessing environmental responses to ecosystem changes or disturbances. 
One possible (area of) application is the evaluation of restoration effects on a 
range of ecosystem processes being targets for restoration, such as soil 
productivity and magnitude and intensity of disturbance. 

Riparian zones 
Riparian zones, i.e. the areas along a river that are periodically impacted by 
flooding, play an important role for the form and function of ecosystems 
(Naiman & Décamps 1997). Their location at the lowest positions in the 
landscape, where they are influenced in an accumulative manner by 
processes from the entire catchment, makes them a key system in linking the 
aquatic and terrestrial areas longitudinally, laterally and through hyporheic 
exchange (Naiman et al. 1993; Naiman & Décamps 1997; Pinay et al. 2000). 
By functioning as barriers, buffers and filtration zones, they control and 
regulate fluxes of energy and material and can therefore be seen as hotspots 
for biogeochemical exchange and nutrient cycling (Naiman & Décamps 1997; 
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McClain et al. 2003; Gift et al. 2010; Unghire et al. 2011). Riparian zones are 
variable in spatial and temporal environmental parameters, creating a 
mosaic of heterogeneous habitats that can support high biodiversity 
(Naiman et al. 1993; Nilsson et al. 1994; Naiman & Decamps 1997; Helfield 
et al. 2007). 
 
Rivers and their riparian zones are among the most impacted and altered 
ecosystems worldwide (Maddock 1999; Malmqvist & Rundle 2002; Dudgeon 
et al. 2006). Human impact has highly degraded river and stream 
ecosystems through pollution and eutrophication, and fragmentation and 
regulation of streams have led to severe changes in stream morphology and 
flow variability (Nilsson et al. 2005b; Bakker et al. 2012). The restoration of 
degraded river and stream ecosystems has become increasingly important 
during the last decades, however, the complex nature of streams makes river 
restoration difficult and challenging (Zedler 2000; Bernhardt et al. 2005; 
Palmer et al. 2005).  

Timber floating, channelization and stream restoration 
Many of the world’s northern river systems been impacted by structural 
measures to facilitate timber floating in the 19th to mid 20th centuries 
(Törnlund & Östlund 2002; Nilsson et al. 2005a), resulting in severely 
degraded physical habitats of stream and riparian ecosystems. In Sweden, 
almost no rivers outside the alpine regions remain unaffected by timber 
floating: a severe impact on large parts of the Swedish nature (Törnlund & 
Östlund 2002). Floatway structures or dams were installed and channels 
straightened to control water flow and to reduce the risk of log jamming and 
stranding (Törnlund & Östlund 2002; Nilsson et al. 2005a). These physical 
degradations led to simplified channel morphology and flow regimes and 
decreased the dynamics of riparian-channel interactions (Helfield et al. 
2007; Muotka & Syrjänen 2007; Feld et al. 2011). Channelized streams 
experienced an increase in flow velocity resulting in increased erosion of 
sediments both from the banks and the riverbed (Fig. 2), strongly affecting 
the amount of suitable habitat for plant growth and spawning grounds for 
fish (Nilsson et al. 2005a). Piling the boulders on the banks decreased the 
connectivity of the riparian vegetation with the natural flow regime, which 
led to a decrease in species richness and retention of nutrients (Nilsson et al. 
2005a). 
 
In river and wetland ecosystems, measures of ecological restoration aim to 
obtain a more natural flow regime and to revitalize the hydrological 
connectivity (Unghire et al. 2011; Gardeström et al. 2013). 
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Fig. 2. Schematic illustration of typical channelized and restored sites. The physical effects on 
rivers and riparian zones caused by timber floating operations (including boulder removal and 
installation of stone piers) and the hypothesized geomorphic, hydrologic, and ecological 
responses in the riparian zone after restoration (return of boulder and removal of stone piers) 
are modified from Nilsson et al. 2005a 

 
 

Often, this is achieved by, for example, removing the physical structures (i.e. 
dams, stone piers), increasing sinuosity by redesigning the river reaches, or 
returning boulders and instream wood to the channel (Gardeström et al. 
2013). Nilsson et al. (2005a) forecasted a variety of geomorphic, 
hydrological, and ecological responses to river restoration, and hypothesized 
on the potential time frames of these responses (Fig. 2). For example, 
sediment deposition and nutrient availability were expected to increase in 
the long-term (> 10 years) due to a revitalized land-water connectivity, which 
is hypothesized to respond more rapidly (< 10 years) to restoration measures 
(Nilsson et al. 2005a). 
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Objectives of the thesis  
This thesis combines a literature study with three experimental studies (Fig. 
3) and focuses on the use of phytometers to evaluate ecological restoration. 
Experiments aimed at assessing the response of phytometer performance to 
restoration of channelized river reaches by returning boulders to the stream 
channel. Various environmental factors and their potential influence on 
plant performance were considered, as well as different stages in plant 
development. The objectives of the four papers (I-IV) are as follows: 
 
I  To investigate how and with what aims phytometers have been used 

in the evaluation of ecosystem responses to disturbance, such as 
restoration. 

II  To phytometrically assess the quality of riparian soils after 
restoration under constant condition in the greenhouse, this way 
omitting the effects of other environmental stressors on the 
phytometers. 

III  To examine how germination and establishment of transplanted 
phytometer seeds and seedlings are affected by restoration of 
channelized river reaches in a field experiment. 

IV  To evaluate the effect of restoration efforts on flow variability and 
phytometer performance during a long-term field experiment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 3. Conceptual framework of the topics covered in this thesis. A literature study (I) provided 
the basis for the design of the experimental phytometer studies that evaluated the effect of 
restoration on different environmental factors (II, soil properties; IV, flooding regime) and plant 
life-stages (III, germination and establishment; IV, transplantation of seedlings). Experimental 
sites were located at channelized and restored reaches at different positions along a stream size 
and a climate gradient (length of growing season). 
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Materials and methods  
One hundred published studies using phytometers were reviewed (Paper I). 
The fertility of soils from channelized and restored river reaches was 
assessed phytometrically in a greenhouse experiment (Paper II). Field 
experiments using different phytometer life forms and life stages were 
conducted at short and long time scales in the Vindel River catchment in 
northern Sweden (Papers III, IV). 

Literature review  
To get an overview of how phytometers have been used in ecology and for 
assessing restoration outcomes, 100 published studies mentioning the term 
‘phytometer’ in conformity with the above definition were collected, 
primarily from Web of Science (until August 2009), but also from cross-
references found in these papers. The studies were then analyzed regarding 
their applicability to evaluate ecological restoration. First, we reviewed the 
requirements phytometers have to meet and classified the studies according 
to the addressed research questions as follows: ‘evolutionary factors’; abiotic 
relationships with the environment, including ‘habitat conditions’ and 
‘impact of environmental factors and disturbance’; biotic relationships at the 
‘plant community level’ or ‘other species interactions’, such as herbivory or 
pollination. We then investigated the number and type of phytometer 
species, environments and habitats where experiments were conducted, 
experimental duration, and phytometer responses measured, in order to 
make recommendations about which variables are appropriate for reliable 
evaluations of restoration projects. We were also interested in whether the 
experiments rendered satisfactory results to get an overview of the suitability 
of using phytometers to detect ecosystem responses to disturbance. The 
conclusions obtained from this review guided the design of the following 
phytometer experiments. 

Phytometer experiments  

Study sites 
The experimental sites (Papers II, III, IV) were located in the Vindel River 
catchment in northern Sweden (Fig. 4). The 455 km long main channel of 
this catchment is the free-flowing, seventh-order Vindel River, that 
originates in the Scandinavian mountains and joins the Ume River ca 30 km 
from the coast before emptying into the Gulf of Bothnia. The catchment 
drains an area of 12,654 km2 and the mean annual discharge at the 
confluence is 200 m3s-1, varying between extreme values of 16 and 1787 
m3s-1 (time period 1911–2000; data from the Swedish Meteorological and 
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Fig. 4. The 20 experimental sites and their positions along the stream size and climate 
gradients in the Vindel River catchment in northern Sweden. Filled circles are channelized sites 
(C); open circles are restored sites (R). Numbers refer to pairs. Isotherms (grey lines) show the 
length of growing season in days exceeding 3°C at 0 m a.s.l.; shaded areas indicate the drainage 
areas at every site. The graph shows in detail the distribution of sites in the gradients and 
demonstrates that stream size and length of growing season are not correlated. 

 
Hydrological Institute). The climate is characterized by a winter season with 
precipitation mainly falling as snow, leading to extended periods of snow 
cover and frozen rivers. Snowmelt results in a pronounced spring flood, 
followed by receding water levels during the summer (Sveriges Nationalatlas 
1995). The bedrock material consists predominantly of slow-weathering 
gneisses and granites. The dominant vegetation in the catchment is boreal 
forest, with mainly Norway spruce (Picea abies) and Scots pine (Pinus 
sylvestris) trees and an understorey vegetation of ericaceous shrubs 
(Vaccinium myrtillus, V. vitis- idaea).  
 
Most tributaries, as well as the main channel, were affected by physical 
alterations to facilitate timber floating activities between the 1850s and 1980 
(Nilsson et al. 2005a), but in the last decades many reaches have been 
restored by returning boulders from the banks to the stream, thus 
reconnecting the riparian zones and the channel. We applied a space-for-
time substitution approach using a paired design of channelized and 
restored reaches (Fig. 4), because no pre-restoration data were available.  
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Also, streams that were left unimpacted by timber floating were deemed 
physically too different (i.e. too steep and narrow, Törnlund & Östlund 
2002) and thus not comparable to channelized and restored streams. Ten 
pairs of sites in turbulent reaches were selected along a climate (length of 
growing season) and a stream size gradient, and selection was made so as to 
avoid correlations between these variables. Length of growing season 
(number of days with temperatures >+3°C) was determined by extrapolation 
from Ångström (1974) using values of latitude and altitude and varied 
between 139 and 161 days (Fig. 4). Drainage area at every site was used as a 
proxy for stream size and ranged from 9 to 8202 km2. Sites were also 
grouped into ‘small’ (<100 km2), ‘medium’ (100-1000 km2), and ‘large 
(>1000 km2) stream size classes (European Commission 2000; Bejarano et 
al. 2010). At every site, two elevations in the middle and upper part of the 
riparian zone were used for the experiments (hereafter: low and high 
elevation). These elevations coincided with the zone of highest plant density 
and growth. 

Greenhouse experiment 
For this experiment (paper II), soil was collected at the experimental sites in 
the field (Fig. 4) and then phytometrically assessed in the greenhouse to 
evaluate possible differences in soil fertility between channelized and 
restored reaches. The advantage of greenhouse experiments is that 
phytometers will only be limited by soil fertility, whereas phytometer growth 
may be limited by several environmental stressors in the field (Wheeler et al. 
1992; Spink et al. 1998). We used the forb Centaurea cyanus (cornflower; 
Asteraceae), and the grass Phleum pratense (timothy; Poaceae) as 
phytometers, because they cover the two most common life-forms, have 
seeds with little endosperm which makes them dependent on soil quality, 
and they were commercially available ensuring more constant seed material. 
Phytometers were grown under constant greenhouse conditions (regarding 
temperature, light, and watering scheme) for a period of 5 months between 
August 2009 and January 2010, before measuring plant height and 
aboveground biomass. 
 
Soil analysis included the determination of soil fractions, from which the 
water-holding capacity was calculated, and the amount of organic matter by 
loss-of-ignition. Mass fractions of soil carbon (C) and soil nitrogen (N) along 
with the proportions of stable isotopes 13C and 15N (reported as isotopic 
ratios δ13C and δ15N) were analyzed using mass spectrometry. 
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Field experiments 
In the field, we conducted both a short-term experiment focusing on the 
germination and establishment of sunflower phytometers (paper III), and a 
long-term experiment using the grass Molinia caerulea (purple moorgrass; 
Poaceae) and the forb Filipendula ulmaria (meadowsweet; Rosaceae) as 
phytometers (paper IV).  
 
A total of 15 seeds and ten seedlings of Helianthus annuus (sunflower; 
Asteraceae) phytometers were sown or transplanted to five plots per 
elevation and site (paper III). After an average of nine weeks, germination 
and survival rates and the aboveground biomass were recorded and Relative 
Growth Rate (RGR) for both seed and seedling biomass determined. Also, 
five soil cores were taken to a depth of 10-15 cm per site and elevation in 
close vicinity to the sunflower plots and analysed for the proportions of soil 
carbon (C) and soil nitrogen (N) (using a Perkin Elmer 2400 Series II 
CHNS/O-analyser). Subsequently, we determined the C:N ratio. Additional 
abiotic variables, such as canopy cover, bankslope, and substrate availability 
were measured in the field, and altitude, aspect and stream width were 
recorded using a Digital Elevation Model in GIS.  

 
Seeds of M. caerulea and F. ulmaria for the long-term experiment (paper 
IV) were collected in September 2008 at Kittelforsen at the main channel in 
the central parts of the Vindel River catchment, stratified over the winter and 
sown in the greenhouse in February 2009. At the experimental sites, 
phytometer seedlings were transplanted into cleared plots or into the present 
vegetation after the decrease of the spring flood in 2009 and harvested after 
38 months at the end of the 4th growing season in 2012. We determined 
plant survival, height and above- and belowground biomass and calculated 
the ratio between aboveground and belowground biomass and the total 
biomass. Frequency and duration of flooding events were measured with an 
indirect method, using the diurnal oscillation in air temperature (modified 
from Helfield et al. 2007). Whenever flooded, these oscillations disappear or 
are considerably reduced, because the water temperature is practically 
constant in a perspective of days. We recorded the length of inundation 
(number of days) and the number of inundation events during spring (May), 
summer (June-August), and autumn (September-October) and determined 
the percentage of time of the length of the growing season that the sites were 
flooded. Furthermore, besides bankslope, the slope of the river valley 
(hillslope) was measured as difference in altitude between the river bed and 
a point 100 m perpendicular distance from the channel.  
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Major results and discussion 

Use of phytometers 
Phytometers have been used to address many different research questions 
(I). Early studies focused on growing conditions for agronomic crops 
(Clements & Goldsmith 1924) and the experimental category ‘habitat 
conditions and resources’ represents the largest proportion of phytometer 
studies (39%). In the last decades, we could observe an almost exponential 
increase in studies using phytometers, and objectives shifted to the 
assessment of ‘biotic interactions in plant communities’ and ‘impact of 
environmental factors and disturbance’. As phytometers allow realistic 
descriptions of ecological processes (Breckling et al. 2005), we suggest that 
phytometers have a high potential to indicate restoration results, however, 
only 5% of the studies specifically addressed this topic (I).  
 
Almost two thirds (61%) of all studies used a single phytometer species, most 
commonly graminoids or forbs (over 80%; I). Several studies in the 
literature review, as well as the experiments presented in this thesis, 
observed species-specific phytometer responses (Gaucherand et al. 2006; 
Beumer et al. 2008; Axmanová et al. 2011). We therefore suggest a wider 
representation of species and life-forms, or a “suite of different phytometers” 
(Jungwirth et al. 2002), especially in studies that evaluate environmental 
conditions, to generate more general results, but also to detect processes that 
may not be recognized with the use of a single phytometer species. Similarly, 
different life-stages of a species can respond differently to environmental 
disturbance; for example, early life-stages are most affected by mortality 
(Clements & Goldsmith 1924; McGraw & Antonovics 1983; O’Dowd & Gill 
1984). We observed that sunflower seedlings established better than seeds 
and were also positively affected by restoration (III). A combination of 
different life-stages may help to disentangle the influences of various factors, 
but more than half of the studies used seedlings and only 4% multiple life 
stages (I). Beumer et al. (2008) point out that seedlings can be used 
advantageously as they lack storage organs and therefore depend directly on 
soil conditions. Cuttings of trees and shrubs can represent later life-stages 
(Hughes et al. 2010). Seedlings and cuttings are often used to “jumpstart” 
the recovery of riparian forests (Lennox et al. 2011), but little evidence exists 
for successful acceleration of ecosystem development (myth of ’Fast-
Forwarding’; Hilderbrand et al. 2005). 
 
Most commonly, studies recorded phytometer performance as growth or 
biomass (I). Relative growth rate is a key measure usually limited to 
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aboveground biomass (Twolan-Strutt & Keddy 1996; Mwangi et al 2007), 
but Herben et al (2007) point out that performance may also reflect 
variation in root mass, particularly if belowground competition is stronger 
than aboveground competition. Phytometers in the Vindel River catchment 
allocated more biomass to belowground parts at restored sites (IV), showing 
the importance of separating plant parts before analysis for reliable detection 
of restoration effects/responses to restoration. Non-destructive sampling of 
phytometer responses offers the possibility of repeated measurements to 
analyze trends and allows for the extension of evaluation periods. 
 
Both for the evaluation of restoration projects and in the realization of 
phytometer experiments, the importance of employing long-term studies has 
been emphasized. Overall, the distribution between short- (<3 months), 
mid- (3-12 months), and long-term (> 1 year) phytometer studies was 
similar, but we observed a surprisingly high number of short-term studies, 
particularly among those evaluating ecosystem processes and responses (I). 
Even though rapid appraisals are a major advantage of phytometers, 
experiments should account for time lags after disturbance and a trajectory 
of recovery, particularly in cold climates where plant development is slow 
(Bond & Lake 2003; Drenovsky & Richards 2005; Muotka & Syrjänen 2007). 
It has to be kept in mind that restoration actions will always exert a 
disturbance that the ecosystem has to recover from (Catford et al. 2012). 
Effects of restoration may not be detected in short-term studies if 
phytometers are negatively affected by transplantation (i.e. transplant shock; 
Shipley et al. 1991; Goldberg et al. 1995) and/or need an entire growing 
season to establish (A. Dietrich, personal observation). Especially for 
perennials, an observation period of more than one growing season could be 
needed (Albrecht et al. 2007). Another advantage of long-term experiments 
is that results become more reliable (Brewer 1999; Xiong et al. 2001), for 
example, by integrating seasonal and between-year variation and the 
possible extreme events in climate. Nonetheless, for the evaluation of 
germination rates (III), responses of annual species, or physiological 
functions, such as transpiration, a shorter experimental duration may be 
sufficient (Clements & Goldsmith 1924). 

Greenhouse vs. field experiments 
The main strength of phytometers is their integrative capacity and their 
realistic reflection of how multiple environmental factors affect a plant under 
field conditions, which cannot quite be achieved with physical measurements 
(Leicht-Young et al. 2007). Therefore, they can be especially effective in 
assessing environmental responses to ecosystem processes and changes 
(Tallowin & Smith 2001; Sanders & McGraw 2005). 
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We observed a high number of field studies (57% of all studies) in the 
literature review (I), particularly in the experimental category assessing 
impacts of environmental factors and disturbance. It is, however, not always 
known why phytometers react the way they do. Phytometer experiments in 
the greenhouse can help to disentangle the causes of phytometer responses 
in the field by focusing on single environmental factors, while keeping others 
constant (Spink et al. 1998). For example, in the greenhouse the net effect of 
soil fertility and other soil properties can be assessed without being masked 
or limited by other environmental stressors (Wheeler et al. 1992; Axmanová 
et al. 2011). We found higher phytometer growth and values of δ15N when 
soils stemmed from restored reaches along small streams (II), indicating 
higher soil productivity and mineralization rates of these soils (Al-Farray et 
al. 1984; Templer et al. 2007). However, higher allocation of biomass to 
belowground parts, as observed for F. ulmaria in the long-term experiment 
(IV), is normally expected to be negatively correlated with soil productivity, 
suggesting an additional impact of environmental factors in the field. 
Similarly, Spink et al. (1998) observed that phytometers grew twice as much 
in the greenhouse as compared to the field and attributed this to the limiting 
effect of other environmental stressors under field conditions. On the other 
hand, one has to keep in mind that soil microbial processes are disrupted at 
the time of collection and that results only reflect a snapshot of nutrient 
dynamics. Combinations of greenhouse and field experiments will therefore 
be necessary to generate a broader perspective of the responses and the 
potential mechanisms behind them. 

Effects of restoration 
We were able to support some of the forecast responses to river restoration 
mentioned by Nilsson et al. (2005a; Fig. 2 and Table 1), regarding both 
environmental and biotic variables. For example, substrate availability 
increased significantly after restoration in the entire catchment. We also 
observed overall higher survival rates of sunflower seedlings and better 
performance of F. ulmaria phytometers at restored sites. Other responses 
were limited to certain stream size classes, such as the higher contents of soil 
C and N in large streams, or the increased frequency and duration of 
summer flooding that we observed in medium-sized streams. In small 
streams, soil quality appeared to be positively affected by restoration, which 
was reflected in a better performance of phytometers in the greenhouse and 
higher values of soil δ15N. Nilsson et al. (2005a) suggest time periods of > 10 
years for the formation of new riparian soils (i.e. increased sediment and 
nutrient availability) after restoration, but our results in small streams show 
a response already after 3-7 years.  
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Table 1. Hypothesized environmental responses to river restoration (modified from Nilsson et 
al. 2005a; see also Fig. 2) and responses that were observed in the experimental studies of this 
thesis. A:B ratio = ratio between aboveground and belowground biomass. 

 
Similarly, the enhanced phytometer performance at restored sites points to 
an increase in primary production after a shorter time period than 10 years. 
Furthermore, indirect effects of restoration may be detected through 
correlations with abiotic variables limited to restored sites. We observed, for 
example, that the frequency of flooding of riparian zones was positively 
correlated with hillslope at restored reaches only, indicating an increased 
riparian connectivity after restoration. 
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Does location matter?  
Restoration success is likely to differ depending on position in the 
catchment, since geomorphological, hydrological, ecological, and climate 
conditions vary among sites. Such variation has been described as 
downstream changes with increasing channel scale (river continuum 
concept; Vannote et al. 1980) or as a combination of underlying 
geomorphological processes with local scale differences in topography and 
climate history (process domain concept; Montgomery 1999). Abernethy & 
Rutherford (1998) found, for example, that erosion processes of the stream 
bank varied significantly depending both on variability in discharge and on 
density and type of riparian vegetation cover, which in turn was influenced 
by climate conditions. The knowledge of differential responses depending 
upon position in a catchment (whichever process causing them) could guide 
restorationists in where to locate restoration efforts to be most effective or 
successful. Stream size had an important effect on the statistically significant 
responses to restoration we observed in the present studies (Fig. 5). Higher 
contents of soil C and N were observed after restoration only in large streams 
(III), whereas soil fertility was most enhanced in small streams (II). Burt et 
al. (2010) suggest that small streams experience more frequent but shorter 
and less severe flooding than large streams. This more variable flood regime 
with repeated events of sediment and nutrient deposition could have caused 
the higher soil fertility as indicated by phytometer performance (Spink et al. 
1998; Nilsson et al. 2005a). We could demonstrate higher flow variability 
after restoration in medium-sized but not in small streams (IV), a 
discrepancy to the above explanation that we attribute to the applied 
methodology which was set to detect flooding events lasting longer than one 
day. Sunflower responses were climate dependent with better performance 
at high altitude and short growing seasons (III). This result suggests that at 
low altitude, where we expected to see stronger responses because of higher 
temperatures and longer growing seasons, growth was inhibited by stressors, 
such as shading from surrounding vegetation or high proportions of 
minerogenic soils. Minerogenic soils may also be indicated by the observed 
lower contents of soil C and N and their isotopic ratios at lower parts of the 
catchment (II, III), coinciding with an increase in silt deposits in the river 
valleys of this region (Sundborg et al. 1980). 
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Fig. 5. Schematic figure illustrating the responses of phytometers (shaded areas) and abiotic 
variables (outlines) based on their position in the catchment, i.e. along climate and stream size 
gradients. Filled and open circles indicate channelized and restored sites, respectively. Colour 
coding: yellow, sunflower response; grey, greenhouse phytometers; orange line, soil C and N; 
blue line, flooding regime; dashed line, soil δ15N. 
 
 

The importance of small streams  
Restoration outcomes seem to vary with location in the catchment. The 
positive restoration effect on phytometers grown on soils from small streams 
is further strengthened by the observation that recovery and formation of 
new soils appeared to occur in a shorter time frame than previously 
hypothesized (Nilsson et al. 2005a). Low-order and headwater streams have 
repeatedly been pointed out as important and different to the rest of the 
catchment (Naiman & Décamps 1997; Meyer et al. 2007; Burt et al. 2010). 
For example, they have been shown to be more effective in the removal of 
nitrogen than large streams due to a higher functional connectivity and 
hydro-geomorphological variability (Burt et al. 2010), as well as harbouring 
a high biodiversity, including some endemic species (Meyer et al. 2007). 
Also, low-order streams (i.e. 1st to 3rd order streams) usually form the 
majority of a river network (cf. 99% in a study area in Kansas, USA; Dunn et 
al. 2011). Bishop et al. 2008 reported similar numbers for Sweden, with 
catchment areas smaller than 15 km2 in over 90% of the stream length. The 
combination of these aspects, together with the beneficial influence that 
restoration effects in headwaters might have on downstream reaches (river 
continuum concept, Vannote et al. 1980), points to an advantage of 
concentrating restoration efforts to small streams. 



 

17 

Looking forward 
In the present studies, we were able to address and support several of the 
possible environmental and biotic responses to river restoration as 
hypothesized by Nilsson et al. (2005) (Fig. 2 and Table 1). However, some 
aspects remain to be investigated. For example, analysis of foliar nutrients in 
the collected phytometer plant material could help to verify if restoration 
resulted in increased contents of plant available nutrients, thus indicating 
enhanced habitat productivity. Furthermore, this could give insight into 
relative rates of soil N cycling in the riparian zone, because the level of foliar 
δ15N has been shown to strongly correlate with soil N pool size and process 
rates (Templer et al. 2007). However, Templer et al. (2007) also suggest that 
analyzing root δ15N could be an even better measure, because there would 
be fewer within-plant processes that could lead to fractionation. 
 
It was predicted that sediment availability would change after restoration. 
We showed that substrate availability increased significantly in restored 
riparian zones (III), but were not able to detect significant differences in 
grain size distribution (II). The enrichment factor approach is commonly 
used in paleolimnology to omit the effect of temporal background variation 
by normalizing elemental distributions to a reference lithogenic element 
(Boës et al. 2011). This methodology was transferred and modified to 
function on a spatial scale, using the soil from the upland forest at the 
experimental sites as reference material (J. Rydberg, personal 
communication). The preliminary results of applying this approach indicated 
the presence of finer sediments at restored sites. This, together with the 
increased substrate availability we observed, would indicate that after 
restoration not only is there more habitat available, but also such of better 
quality. 
 

Concluding remarks 
Phytometers might be the indicators that restoration ecology is demanding 
for the evaluation of restoration success. We found them to match the 
requirements and that they will give rapid appraisals of how plants react to 
restoration. In this thesis, we could show an improvement in habitat quality 
for riparian plants after restoration using phytometers. Also, we could 
disentangle some of the environmental factors probably causing the positive 
phytometer response. However, further studies are needed to discover the 
mechanism behind these responses. Revealing more correlations with abiotic 
variables through field surveys or experimental manipulation under constant 
conditions will facilitate the interpretation of the observed response and thus 
improve the usefulness of phytometers.  
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Experimental research has provided empirical methods that allow evaluating 
restoration success. An important next step is to communicate these findings 
to restorationists, stakeholders, politicians and the public, in order to 
attenuate the influence of the ‘myths of restoration’. Instead, a greater 
awareness that restoration efforts in many cases may not lead to direct, 
visible effects, should be promoted. Particularly, it has to be taken into 
account that restoration activities always also exert a disturbance on the 
ecosystem. Even though we found that small streams responded faster than 
predicted to restoration, we want to emphasize that considerable delays until 
an ecosystem response becomes visible are probable. Most likely, recovery 
after restoration will progress gradually along a trajectory. This trajectory of 
recovery will depend on a variety of environmental, but also historical, 
factors on different spatial and temporal scales and might in the end not 
render the ecosystem response that was expected. After all, “restoration is 
unlikely to be ‘simply’ the opposite of degradation” (Moerke et al. 2004). 
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Sammanfattning 
Intresset för ekologisk restaurering ökar, en utveckling som kan hänföras till 
den växande insikten om värdet av välmående ekosystem i kombination med 
oron för framtida klimatförändringar. Speciellt sötvattenmiljöer, vilka hör 
till de globalt mest förändrade ekosystemen, restaureras för att motverka 
mänsklig påverkan såsom eutrofiering, förorening, fragmentering eller 
annan fysisk degradering. Exempelvis har många vattendrag som 
kanaliserades för att underlätta timmerflottning i norra Sverige under senare 
år blivit restaurerade genom att återföra block till fåran och återansluta 
strandmiljöer med vattenmiljöer. Utvärdering av restaureringsarbete är 
emellertid inte prioriterad och pålitliga indikatorer på organismers 
reaktioner saknas, möjligen beroende på komplexiteten och den stora 
variationen i ekosystemens responser och processer. Ett möjligt 
angreppssätt, som täcker många aspekter som har efterfrågats hos 
indikatorer på restaureringsframgång är att använda fytometrar, dvs. 
standardiserade växtarter som transplanteras till olika miljöförhållanden. 
Fytometrar har fördelen att de integrerar många miljöfaktorer och mäter 
ekosystemfunktioner direkt (i motsats till fysiska ersättningsvariabler).  

Denna avhandlng kombinerar en litteraturstudie med tre experiment 
och fokuserar på användning av fytometrar för att utvärdera ekologisk 
restaurering. Resultaten från litteraturstudien (I), som föreslår användning 
av olika arter, livsformer och livsstadier av fytometrar samt långvariga 
experiment (>1 år) för att få utvärderingar med hög upplösning och 
generalitet, vägledde utformningen av de följande experimenten. 

I växthus- och fältexperiment undersökte vi effekten av att 
restaurera kanaliserade vattendragssträckor i Vindelälvens 
avrinningsområde (återförande av block till åfåran) på fytometerresponser 
och olika abiotiska variabler i strandzonen. Vi antog att fytometrarnas 
uppträdande varierar med vattendragsstorlek och klimatförhållanden, dvs. 
läge i avrinningsområdet. I växthus analyserade vi möjliga skillnader i 
jordens bördighet mellan kanaliserade och restaurerade sträckor genom att 
odla fytometrar på jordar som samlats på experimentytorna (II). 
Fytometrarna växte signifikant bättre på jordar från restaurerade områden 
längs små åar, vilket indikerar en positiv effekt av restaurering på jordens 
bördighet. Vi upptäckte dessutom denna effekt i små åar redan 3-7 år efter 
restaurering, vilket tyder på en snabbare återhämtning än vad som tidigare 
antagits. 

I ett kortvarigt fältexperiment med fokus på groning och etablering 
av solrosfytometrar (III), gynnades groddplantsöverlevnad, substrattillgång 
och jordens näringsinnehåll i stora vattendrag av restaurering. På det hela 
taget var fytometeruppträdandet negativt relaterat till vegetationsperiodens  
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längd, dvs. fytometrarna växte bäst på höga altituder där 
vegetationsperioderna var korta. Det kan möjligen förklaras av mindre 
konkurrens från den mer kortvuxna och glesare omgivande vegetationen på 
dessa sträckor. 

Genom att använda gräset Molinia caerulea och örten Filipendula 
ulmaria som fytometrar i ett långsiktigt experiment (IV) upptäckte vi att 
fytometerresponsen var bättre och positivt relaterad till 
sommaröversvämning på restaurerade områden. Dessutom var 
flödesvariationen under sommaren signifikant högre på restaurerade 
sträckor, särskilt i meldelstora åar, vilket antyder att ett mer variabelt flöde 
efter restaurering förbättrade de lokala förhållandena för fytometertillväxt. 
Eftersom fytometrar fördelade förhållandevis mer biomassa till 
underjordiska delar på restaurerade än på kanaliserade områden torde det 
vara viktigt att analysera både ovan- och underjordisk biomassa separat för 
att upptäcka möjliga restaureringseffekter. 

Restaureringseffekterna tycks variera med läget i 
avrinningsområdet. Kunskapen om sådana potentiellt olika responser can 
vägleda restaurerare om var restaureringsinsatser bör lokaliseras för att vara 
mest effektiva eller framgångsrika. Våra fytometerresultat tyder på att små 
åar kan reagera särskilt fort på restaureringsinsatser. Med tanke på att 
andelen små vattendrag i avrinningsområdet är hög, och att positiva effekter 
av restaurering i källområden även kan gynna nedströmsområden, föreslår 
vi att restaureringarbeten bör börja i biflöden till större vattendrag.  

Det är inte alltid känt varför fytometrar reagerar som de gör. 
Växthusexperiment kan bidra till att bena upp orsakerna till 
fytometerresponser i fält genom att fokusera på enskilda miljöfaktorer. 
Resultaten av de här studierna visar att fytometrar kan erbjuda ett integrerat 
angreppssätt för att utvärdera ekosystemreaktioner på restaurering genom 
att på ett realistiskt sätt visa hur många miljöfaktorer påverkar en växt under 
fältförhållanden. Det behövs emellertid fler studier för att bättre förstå 
mekanismerna bakom dessa responser.  
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Tack 
 

Well, I can’t really claim that I’m a big fan of ABBA (actually, I almost walked 
out on the Mamma Mia movie)… But being in Sweden, what could be a 
better homage to all that were there along the way than to combine the music 
of some of the most famous Swedes (a song from the year it all started to be), 
with the love for singing and spex I experienced here, and add it a pinch of 
the multi-culti everyday life of a Swedified me. 
 
 
 
Now	  comes	  the	  time,	  to	  thank,	  so	  I’ll	  turn	  to	  you	  all	  
Now	  I	  have	  made	  it,	  who	  would	  have	  thought	  that	  last	  fall	  
But	  I	  have	  had	  help,	  a	  wonderful	  thing	  
So	  I	  want	  to	  thank	  all,	  that	  were	  there	  during	  spring	  
I’m	  so	  grateful	  and	  proud	  
All	  I	  want	  is	  to	  sing	  it	  out	  loud	  
	  
So	  I	  say	  
Thank	  you	  for	  my	  time	  here,	  for	  all	  support	  
von	  weiter	  weg	  und	  hier	  vor	  Ort	  
Christer’s	  super	  vision	  som	  hittar	  alla	  fel	  	  
Han	  choppar	  en	  del	  
My	  thanks	  to	  Roland	  and	  his	  open	  door	  
Tack,	  Johan,	  för	  vårt	  samarbete	  	  
Tack,	  hela	  korridor’n	  
	  
Thanks	  to	  Mol,	  Fili,	  the	  water,	  the	  riparian	  zone	  
And	  Lotta	  and	  Lenka	  –	  you	  know	  why:	  for	  sharing	  the	  phone	  
The	  project	  Miconia	  –	  there	  did	  it	  all	  start	  
Costa	  Rica,	  Brazil,	  the	  nematology	  art	  
Micha	  was	  by	  my	  side	  
Now	  I’m	  here	  where	  the	  sun	  shines	  at	  night	  
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Ahora	  
Quiero	  dar	  las	  gracias	  a	  la	  familia	  
y	  todos	  los	  que	  a	  Anton	  tenian	  
Aida,	  Natxo,	  Alfre,	  Julia,	  SPerSS	  
Who	  did	  I	  miss?	  	  
Astrid,	  Loles,	  Jana,	  syster	  Mimmi	  
And	  I	  say	  thank	  you	  for	  the	  music	  
To	  the	  band	  at	  EMG	  
	  
I’ve	  been	  so	  lucky,	  I	  got	  this	  boy	  with	  curly	  hair	  
I	  am	  so	  happy	  that	  he	  is	  around	  
He’s	  my	  source,	  (and	  a	  sink),	  of	  energy	  
	  
Javier,	  you	  are	  my	  right	  hand,	  my	  left	  hand,	  my	  hero	  
For	  sitting	  late	  with	  formatting	  to	  do	  
Who	  could	  live	  without	  you,	  I	  ask	  in	  all	  honesty	  
What	  would	  life	  be?	  
Without	  my	  special	  crazy	  family?	  
So	  I	  say	  thank	  you	  allihopa	  
Till	  Lars	  på	  tryckeri	  
So	  I	  say	  thank	  you,	  danke,	  gracias	  
Och	  tack	  till	  alla	  Er!	  

 

 


