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Abstract 
Physical restoration efforts are common methods to restore running waters containing 
degraded ecosystems due to anthropogenic activities such as irrigation, ditching, damming 
and flood prevention. The goal is usually to restore waters to a more natural state, creating 
more physically complex habitats supporting a larger number of species of both fish and 
invertebrates, hence increasing biodiversity. This master thesis is investigating if there have 
been positive effects on invertebrate species composition and biodiversity of restored 
compared to unrestored reaches of Hargsån, a small river located on the coast of Uppland, 
Sweden.  
 
Collection of benthic macroinvertebrates was done by sampling different microhabitats 
(bottom, dead wood and stones) in 3 different localities, a restored reach (the bypass), an 
unrestored reach (the bridge) and an unrestored reach with a migratory blockage (furthest 
upstream). Invertebrates were identified to the lowest taxonomic level and length-measured, 
and metrics such as Simpson and Shannon biodiversity and richness was calculated with this 
data to see if there were any differences with respect to benthic invertebrate community 
composition and biodiversity between the localities or habitats.  
 
The results of the study show that there has been a shift in community composition of benthic 
invertebrate fauna in the restored reach of Hargsån, but it is still not clear if the Simpson and 
Shannon biodiversity has increased. This might be due to the current succession state of the 
local ecosystem, considering that there has only been about 1,5 years since the restoration 
efforts were completed, but more studies of the river are needed to secure the causes of the 
restoration and its long-term effects.  
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Introduction 
Background 
Many rivers and streams in Europe are in need of restoration efforts, as more than 49% of 
running water ecosystems are degraded due to physical alterations, habitat fragmentation, 
nutrient loading and physical habitat destruction/absence (Degerman et al. 2007). In Sweden 
this physical degradation is often due to timber floating, irrigation, hydropower and milling 
(Hanna et al. 2018). Therefore, it is perhaps not surprising that ecosystems within these 
bodies of water are heavily affected by anthropogenic activities, as habitats are homogenized 
and even some of them have disappeared (Malmqvist & Rundle 2002). By restoring running 
waters, primarily by restoring the complexity of their habitats, it is possible to get an effect on 
biota assemblages as species adapted to different types of environments can sustain 
themselves in the variety of habitats (Hering et al. 2015). 
 
Restoration of modified waters to a more natural state has proven to be beneficial to the 
spawning of many migrating fish (Molina-Moctezuma et al. 2021). It is also beneficial to the 
diversity of benthic macroinvertebrates as many types of habitats are created in the process. A 
higher complexity created by a restoration, would potentially lead to more habitats allowing 
for a higher diversity if diversity increases with stream structure. However, earlier studies on 
restored streams show that this goal is not always reached, as the effects of restoration on 
benthic macroinvertebrates seem to vary between different waters (Jähnig et al. 2011). 
Studies of restored rivers in southern and middle Europe are even suggesting that in some 
cases invertebrate composition is more affected by restoration of water quality instead of 
physical restoration of habitats (Jähnig et al. 2010). Restoration might have varying results on 
biodiversity and it has been shown that it is important to add dead wood in addition to stone 
and gravel for a greater physical complexity of habitats (Pilotto et al. 2018). Dead wood, 
especially larger pieces such as whole trees, are natural parts of streams but have in many 
cases been removed by humans. In restored waters the addition of dead wood is important to 
increase habitat heterogeneity and allow the colonization of diverse benthic invertebrate 
communities, often increasing biodiversity (Pilotto et al. 2014, Thompson et al. 2018, Dossi 
et al. 2020). This increase in diversity of benthic invertebrates also alters the energy flow 
within the ecosystem, enhancing the ecosystem productivity as these invertebrates, mainly 
net-spinning caddis flies, feeds better as they spin nets from dead wood and serve as food for 
many predators such as fish (Cashman et al. 2016, Thompson et al. 2018). Thus, restoration 
efforts are important increasing ecosystem functioning within ecologically degraded running 
waters. 
 
Some studies have shown that diversity of benthic invertebrates does not always get largely 
affected by a restoration as a shift in species composition has occurred instead of increased 
diversity (Sundermann et al. 2011, Pilotto et al. 2018). Many cases of restoration tend to 
diversify in-stream habitats but biodiversity and other metrics of benthic invertebrates seem to 
stay somewhat unchanged (Jähnig et al. 2010, Hering et al. 2015). This is often the case for 
restoration projects within the EU, as the directives are to be followed and individually 
interpreted by countries themselves, creating a lot of variation how restoration and follow up 
studies are conducted between different countries, leading to the desired increase in 
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biodiversity not always being achieved (Jähnig et al. 2010). Another problem with ecological 
restoration of rivers and streams in the EU is that it takes on several roles; it is simultaneously 
a target, increased biodiversity to a fixed numerical target, and a tool to achieve this. This 
might, in some cases, not actually increase and restore biodiversity as the end goal is not clear 
(Jørgensen 2015).     
 
In order to recolonize a restored water, benthic invertebrates need to migrate there, and the 
possibility for this depends on their mobility which in turn depends on their life history. 
Generally there are 2 different ways for migration: in water or by air (Tronstad et al. 2007, 
Parkyn & Smith 2011). Examples of invertebrate groups that migrate via drift in October in 
Nordic streams are Chironomidae, Simulidae, Plecoptera, Ephemeroptera and Trichoptera 
(Saltveit et al. 2001). Depending on species mobility this recolonization happens over 
different distances and timescales (Miyake et al. 2003), but for the most part their mobility is 
enough to recolonize restored rivers/streams. Recolonization is heavily affected by habitat 
fragmentation and isolation distance, e.g. migration by water might not be viable if there is no 
part of the stream or the river network containing the species in question, this is as true for 
benthic invertebrates as it is for fish (Tonkin et al. 2014). Thus, species with no flying adult 
stage are not able to colonize waters they are not connected to in a reasonable future time 
(Parkyn & Smith 2011). As species which disperse by drift do so with the flow direction, they 
are only able to colonize downstream when drifting (Brittain & Eikeland 1988). Studies have 
shown that the spatial scale, the existence of the species in the water system, and colonization 
distance are vital factors for the success of restoration in reaches of running waters (Tonkin et 
al. 2014), at least when the goal is to restore ecosystem functioning and biodiversity. It is not 
uncommon that benthic invertebrate species with high mobility are able to dominate in early 
colonization, as they are able to get to the new habitat first, but this dominance usually shifts 
throughout the colonization process as more and more species arrive, as a result of a 
succession (Miyake et al. 2003). 
 
Hargsån 
Studies in northern Sweden have shown that it takes about 5 years to observe a clear 
dissimilarity between restored and unrestored reaches in species composition and diversity 
although changes has been observed earlier (Pilotto et al. 2018). Still it is important to note 
that few studies have observed the temporal scale of recolonization of invertebrates of 
restored rivers/streams (Parkyn & Smith 2011). Upplandsstiftelsen, an association working 
with nature conservation in Uppland, has restored reaches of Hargsån from November 2020, 
with the first reach, to April 2021 with the bypass. This master thesis has benefitted from 
these restorations to assess how benthic invertebrate species composition and biodiversity has 
changed between restored and unrestored reaches. Sampling was performed in the end of 
September/beginning of October 2022, about 1,5 years after the restored reaches were 
completed. This means that there probably will be continuous changes in the benthic 
invertebrate communities in the restored reaches after this study was complete (See for 
example: Miyake et al. 2003, Parkyn & Smith 2011, Pilotto et al. 2018).  
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Aims and purpose 
The purpose of this study is to analyze if there is a difference in benthic invertebrate 
community composition and biodiversity between restored and unrestored reaches of 
Hargsån, located on the coast of Uppland, Sweden. As complexity of habitats increases due to 
restoration of running waters, it is predicted that species richness increases as well. 
Invertebrate species composition should also differ between restored and unrestored localities 
if habitat heterogeneity increases. There is a possibility that field sampling coincides with 
recolonization of the restored reach, but a difference in biota parameters might still appear 
even though the local succession is not in its later stage.  
 
Specifically, the aims of this study are to compare:  
1) The change in physical structure and complexity of the stream including waterflow and 

dissolved particles. The physical structure will be investigated in different habitats with 
respect to bottom structure:  
a) Dead wood 
b) Bottom (kick sampling) 
c) Bigger rocks   

2) Difference in Simpson and Shannon biodiversity, biomass, richness and species 
composition of benthic invertebrate species between restored and unrestored locations.  
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Methods 
Sampled locations 
Three locations were selected in Hargsån based on their current restoration levels. Over 1,3 
km of river stretch the three localities were selected, each of which are 10m long and located 
around the community of Harg.  
 

 
Figure 1. Map over the localities. From right to left: Blue - Bypass. Purple – The bridge. Red – Furthest 
upstream. Map taken from Lantmäteriets website Min Karta (Min Karta (lantmateriet.se)) and edited in 
Inkscape.   
 
The Bypass 
This locality is a 10m reach of the bypass that was created by Upplandsstiftelsen and the 
Swedish Anglers Association (Sportfiskarna) to allow fish to migrate past the dam. The 
locality is located at the most downstream part of the bypass where it connects to the main 
part of the river. The shoreline and the bottom consist of mainly stones with some gravel and 
sand. Compared to the other localities the bypass is the rockiest one based on visual 
observations. Macrophytes are scarce, and the water velocity was measured as the highest of 
the locations. 

https://minkarta.lantmateriet.se/
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Figure 2. Picture of locale “Bypass” (left) and a sketch over the bottom structure (right), flow direction is from 
the top to bottom of the figure. Photo: Fredrik Laggar.  
 
The Bridge 
Consisting of an unrestored 10m reach with a stone-walled riparian zone and is heavily 
affected by anthropogenic activities. There are stones on the bottom, and no dead wood in the 
water. The bottom consists mainly of sand, with larger rocks scattered around. This locality 
has the most diverse macrophyte composition, with different species of Potamogeton, 
Fontinalis antipyretica and Phragmites australis.    
 

 
Figure 3. Picture of locale “The bridge”(left) and a sketch over the bottom structure (right) flow direction is 
from top to bottom of the picture. Photo: Fredrik Laggar. 
 
Furthest upstream  
Located upstream of a road culvert which constitutes a migratory blockage for upstream 
migrating fish, this 10m long locality has both stones and dead wood in sparse numbers. The 
bigger part of the bottom consists of sediment, sand and organic detritus. There are very few 
macrophytes in this reach, only a few examples of Fontinalis antipyretica growing on dead 
wood. Just downstream of the location is the culvert going underneath the road which causes 
a reduction in water speed. 
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Figure  4. Picture of locale “Furthest upstream” (left), and a sketch of the bottom structure (right), flow 
direction is from the top to bottom of the figure. Photo: Fredrik Laggar. 
 
Kick-sampling 
To collect benthic invertebrates from the bottom a standardized kick-sampling method was 
used. This method consists of walking backwards upstream while continuously kicking the 
bottom substrate over a 10m reach. While performing this action a net with 1,5mm mesh was 
pressed against the bottom in front of the kicking foot in which the invertebrates are caught. 
 

 
Figure 5. The net used during kick-sampling. Photo: Fredrik Laggar. 
 
After the 10m sampling was done, the content was transferred to a jar with 90% ethanol and 
Acros Organics Bengal rose, a protein coloring substance which color stains the invertebrates 
for easier detection. Samples were taken in triplicates at each location and brought to the lab 
for identification of species/groups, counting of all organisms for later abundance calculation 
and measurement of length of each individual for biomass calculation. Each jar was emptied 
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into a tray in which the colored invertebrates were collected with tweezers, counted, identified 
at lowest taxonomic level possible and length-measured using a microscope.   
 
Stone-sampling 
Within each locality, 5 stones with a diameter of 1-2 dm were picked from the water and all 
invertebrates attached to them were picked and put in alcohol using tweezers. This resulted in 
5 replicates of stone-sampling for each locality. Samples were brought to the lab for species 
identification and length measurements of invertebrates.  
 

 
Figure 6 & 7. Image of the size of stones that was used as replicates with a diameter of 1-2dm (left image). 
Empty trichoptera pupae made of sand attached to a stone (right image). Photo: Ville Svärd and Fredrik 
Laggar.  
 
Dead wood-sampling 
This method could only be performed at the localities “bypass” and “furthest upstream” as 
there was no dead wood submerged in the water at the bridge. A flexible plastic sheet with the 
area of 0,02m2 was used to define the sampling area. This sheet was held against dead wood 
by random and the invertebrates within the area were collected using tweezers and put into 
jars. Triplicates were performed per each locality where it was possible, the bypass and 
furthest upstream. Sample areas were placed on deeper parts of submerged logs to try to 
mitigate the risk of exposure to air during low water, as these areas might not have similar 
amounts of stationary invertebrates as the habitat is not always under water.  
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Figure 8. Material used for dead wood-sampling. The dish brush was not used after initial tryout as it did not 
work as planned. The plastic sheet is 2dm2 in area and folds nicely on the log. Photo: Fredrik Laggar.  
 
Other data collected 
Total phosphorus 
Total phosphorous was measured from the middle of the stream of the localities from three 
replicates using a spectrophotometer. Samples were prepared by taking 5ml of water from the 
falcon tubes, blanks by taking 5mL of deionized water and calibrant solution by taking 0,5ml 
calibration solution (1000µg PO4-P/l) and adding 4,5ml deionized water. All of these were put 
in test tubes and 1ml of potassium persulphate was added to them. Tubes were then 
autoclaved at 120°C for 60 min and after this 1ml of a reagent mixture was added with a 
pipette. This reagent mixture consists of 50ml sulphuric acid, 15ml ammonium molybdate, 
30ml ascorbic acid and 5ml potassium antimone. After the vials had turned slightly blue the 
spectrophotometer was prepared. Prepared samples were put into 5cm cuvettes and the 
absorbance was measured at 882nm, and total phosphorus was calculated using the formula:  
 

𝑇𝑜𝑡𝑃(µ𝑔
𝑃
𝑙

) =
𝐶𝑐𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 × 𝑚𝑙𝑐𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 × (𝐴𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑙𝑎𝑛𝑘)

𝑚𝑙𝑠𝑎𝑚𝑝𝑙𝑒 × (𝐴𝑐𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 − 𝐴𝑏𝑙𝑎𝑛𝑘)
 

 
Where: Ccalibration = Concentration of calibration  
 mlcalibration = Volume of calibration  
 mlsample = Volume of sample 
 Asample = Absorbance of sample 
 Ablank = Absorbance of blank 
 Acalibration = Absorbance of calibration  
 
Total phosphorous was obtained for all locations. It should be noted that total phosphorus 
levels can vary depending on recent precipitation, though this single sampling was made to 
acquire descriptive data of the difference between the locations.   
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Vegetation transects 
Macrophyte vegetation was quantified by using transects along the length of the 10m 
localities. Observations over the width of the river were made at the shoreline, ¼, ½, ¾ of the 
width of the river, and the opposite shoreline. This was repeated 6 times along the length of 
the river, from 0 to 10m with 2m intervals. At each transect visual observation of macrophytes 
was made, producing a descriptive picture of vegetation in the different locations.  

 
Figure 9. Visualization of how the macrophyte transects were conducted. Each line represents a transect and 
these were divided into 5 observation spots; shore left, ¼, ½, ¾ of the stream width and lastly shore right.  
 
Water flow speed 
By timing an orange flowing with the water over a 10m stretch water flow speed was 
obtained. 5 replicates were performed in each locality and the average time was used to 
calculate the average water flow speed for each location.  
 
Identification of invertebrates in the lab 
A microscope and a petri dish with measuring paper taped to it was used to identify, count 
and measure all benthic invertebrates in each of the samples. Identification was done to the 
lowest possible taxonomic level, using identification books (Mandahl-Barth et al. 1994, 
Mandahl-Barth et al. 1988, Nilsson 1997). Taxa unable to be identified to species level were 
instead identified into groups or families, i.e., the lowest taxonomic level I was able to 
determine. All numbers and lengths of individuals were put into an excel file. 
 
Table 1. Sampling method and numbers of samples that were identified. 

Location Sampling method Number of replicates 
Bypass Kick 3 
Bypass Stone 5 
Bypass Dead wood 3 

The bridge Kick 3 
The bridge Stone 5 

Furthest upstream Kick 3 
Furthest upstream Stone 5 
Furthest upstream Dead wood 3 

 Total number of samples: 30 
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Some groups, mainly Oligochaeta, are difficult to measure with respect to length as they often 
curl up, are somewhat elastic or break easily when being stretched out. In these cases, only the 
number of individuals were counted. The same method was applied to individuals of other 
species that were damaged, but there was only a small amount of these, about 5 individuals. 
 
Data treatment and statistical analyses 
Biomass and abundance were calculated using length-weight relationships from Bottrell et al. 
(1976) and Eklöv et al. (unpublished data). Calculations were made in relation to the sampled 
areas so comparisons could be made between different sampling methods.  
 
Simpson and Shannon indexes were calculated for each replicate, habitat and location. 
Number of individuals for each species were used to calculate the diversity indexes. Both 
indexes were used to get a broad picture of the diversity as the Simpson diversity index 
emphasizes evenness and Shannon richness. The Shannon diversity might be a better way to 
describe the diversity in these samples as it accounts for the richness of the different species.  
 
Simpson diversity formula: 

𝐷 = 1 −  
∑ 𝑛𝑖(𝑛𝑖 − 1)𝑆

𝑖=1

𝑁(𝑁 − 1)
 

Where:  
• ni is the number of organisms in the ith species. 
• N is the total number of organisms in the sample. 

 
Shannon diversity formula: 

𝐻 =  − ∑ 𝑝𝑖𝑙𝑛𝑝𝑖

𝑆

𝑗=1

 

Where pi is the number of the ith species divided by the total number of individuals in the 
sample.  
 
Evenness and richness were also calculated for each replicate and subjected to statistical 
analysis between the different locations and habitats. These were also calculated in excel 
using these formulas before they were loaded into RStudio for statistical analyses.  
 
Chao-1 richness formula: 

𝑆 = 𝑆𝑜𝑏𝑠 +
𝑎2

2𝑏
 

Where: 
• Sobs is the observed number of species. 
• a is the number of species observed once. 
• b is the number of species observed twice or more. 

 
Evenness formula: 

𝐸 =
𝐻

𝑙𝑛𝑆
 

Where: 
• H is Shannon diversity. 
• S is Chao-1 richness.  
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All statistical analyses were performed using RStudio version 4.2.1. Data not following a 
normal distribution were log-transformed to allow for parametric tests. For all comparisons 
between the three locations, a one-way ANOVA was performed, comparing one factor at a 
time (e.g. Simpson diversity between rocks). A Tukey test was applied for post-hoc 
comparisons.  
 
A non-metric multidimensional scaling (NMDS) was used to visualize difference between 
abundances using the package “vegan” in RStudio. The NMDS clusters community data and 
reveals community composition in relation to species abundance or biomass.  
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Results 
Water data  
Higher values of total phosphorous were detected in downstream localities and the average 
water flow speed was about 2-3 times lower in the furthest upstream locality (Table 2). 
 
Table 2. Total phosphorous values and average water flow speed for each locality. 

Locale Total phosphorous (µg P/l) Avg. water flow speed 
(m/s) 

Bypass 35,70 0,65 
The bridge 29,27 0,54 

Furthest upstream 26,52 0,26 
 
Comparison between localities 
Biodiversity 
No significant difference in either Simpson or Shannon diversity were present between 
localities. One-way ANOVA of Simpson diversity showed F2,27=0,34, p=0,72. One-way 
ANOVA of Shannon diversity showed F2,27=0,70, p=0,50 (Fig. 10).  
 

 
Figure 10. A) Simpson and B) Shannon diversity of benthic invertebrates compared between the localities the 
bypass (n=11), furthest upstream (n=11) and the bridge (n=8).  
 
Abundance, evenness and biomass 
The bypass had a significantly higher abundance than the other localities (Table 5). Biomass 
and evenness showed no significant differences between the localities (Table 5). One-way 
ANOVA of biomass showed F2,110=0,06 p=0,95. One-way ANOVA of locality abundance 
showed F2,110=7,43, p<0,001. One-way ANOVA of evenness showed F2,24=1,65, p=0,21.  
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Table 5. Tukey HSD comparisons of biomass, abundance and evenness between the different localities. 
Significant values are marked in bold. Values represent pooled data of bottom, stones and dead wood. 

Parameter Locations 
compared 

p-value F-value df 

Biomass Furthest upstream 
vs Bypass 

0,999 0,056 2 

Biomass The bridge - 
Bypass 

0,953 0,056 2 

Biomass The bridge – 
Furthest upstream 

0,953 0,056 2 

Abundance Furthest upstream 
- Bypass 

0,004 7,43 2 

Abundance The bridge - 
Bypass 

0,005 7,43 2 

Abundance The bridge – 
Furthest upstream 

0,97 7,43 2 

Evenness Furthest upstream 
- Bypass 

0,198 1,646 2 

Evenness The bridge - 
Bypass 

0,905 1,646 2 

Evenness The bridge – 
Furthest upstream 

0,432 1,646 2 

 

 
Figure 11. Total A) biomass, B) abundance and C) evenness of benthic invertebrates compared between the 
different localities the bypass (n=11), furthest upstream (n=11) and the bridge (n=8).  
 
Comparisons between habitats 
Bottom (kick sampling) 
The bridge had significantly lower Simpson diversity of benthic invertebrates from 
bottom/kick-sampling (Table 6, Fig. 4) than the bypass (p = 0,003) and furthest upstream 
localities (p = 0,002). Analysis of Shannon diversity showed a similar result to Simpson 
analysis; a significant lower bottom diversity by the bridge compared to the other two 
localities (p-value of 0,029 and 0,004). There was no significant difference in either Simpson 
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and Shannon diversity between the bypass and furthest upstream (Table 6, p > 0,05). One-
way ANOVA of bottom Simpson diversity showed F2,6=22,77, p=0,00158. One-way ANOVA 
of bottom Shannon diversity showed F2,6=15,72, p=0,00411.  
 
Table 6. Tukey HSD comparisons of Simpson and Shannon diversity between the different localities bottom 
invertebrate fauna (kick-sampling). Significant values are marked in bold.  
 

Index Locations 
compared 

p-value F-value df 

Simpson diversity Furthest upstream 
– Bypass 

0,958 22,77 2 

Simpson diversity The bridge - 
Bypass 

0,003 22,77 2 

Simpson diversity The bridge – 
Furthest upstream 

0,002 22,77 2 

Shannon diversity Furthest upstream 
– Bypass 

0,188 15,72 2 

Shannon diversity The bridge - 
Bypass 

0,029 15,72 2 

Shannon diversity The bridge – 
Furthest upstream 

0,004 15,72 2 

 

 
Figure 12. A) Simpson and B) Shannon bottom diversity compared between different localities the bypass, 
furthest upstream and the bridge (n=3).  
 
Analysis showed a significant difference in bottom invertebrate evenness between all three 
localities (Table 7). The locality furthest upstream had the highest bottom evenness, bypass 
intermediate and the bridge had the lowest evenness (Fig. 5). Biomass and abundance of 
bottom invertebrates showed no significant difference between any of the localities (Table 7, 
p > 0,05). One-way ANOVA of bottom biomass showed F2,58=0,17, p=0,84. One-way 
ANOVA of bottom abundance showed F2,58=1,69, p=0,19. One-way ANOVA of bottom 
evenness showed F2,6=19,72, p=0,0023.     
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Table 7. Tukey HSD comparisons between the different localities biomass, abundance and evenness. Significant 
values are marked in bold. Values represent the bottom invertebrates (kick-samples) between the different 
localities.  

Parameter Locations 
compared 

p-value F-value df 

Biomass Furthest upstream 
– Bypass 

0,993 0,172 2 

Biomass The bridge - 
Bypass 

0,888 0,172 2 

Biomass The bridge – 
Furthest upstream 

0,854 0,172 2 

Abundance Furthest upstream 
– Bypass 

0,322 1,685 2 

Abundance The bridge - 
Bypass 

0,933 1,685 2 

Abundance The bridge – 
Furthest upstream 

0,192 1,685 2 

Evenness Furthest upstream 
– Bypass 

0,045 19,72 2 

Evenness The bridge - 
Bypass 

0,046 19,72 2 

Evenness The bridge – 
Furthest upstream 

0,002 19,72 2 

 

 
Figure 13. Bottom invertebrate A) biomass, B) abundance and C) evenness compared between the different 
localities the bypass, furthest upstream and the bridge (n=3).  
   
Stones 
Analysis of invertebrates sampled from stones showed no significant difference in Simpson or 
Shannon diversity between any of the localities. One-way ANOVA of Simpson diversity on 
stones showed F2,12=3,41, p=0,07. One-way ANOVA of Shannon diversity on stones showed 
F2,12=2,75, p=0,10.   
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Figure 14. A) Simpson and B) Shannon stone diversity compared between different localities the bypass, furthest 
upstream and the bridge (n=5). 
 
Abundance of benthic invertebrates sampled from stones showed that the bypass had a 
significantly (p-value of 0,003 and 0,005) larger abundance than the other localities (Fig. 7). 
There was no significant difference of invertebrate abundance between the bridge and furthest 
upstream. Biomass and evenness showed no significant difference between any of the 
localities (Table 9). One-way ANOVA of biomass on stones showed F2,37=0,52, p=0,6. One-
way ANOVA of abundance on stones showed F2,37=8,25, p=0,001. One-way ANOVA of 
evenness on stones showed F2,12=1,17, p=0,34.  
 
Table 9. Tukey comparison between the different localities biomass, abundance and evenness. Significant values 
are marked in bold.  Values are given for the stone invertebrate sampling between the different localities.  

Parameter Locations 
compared 

p-value F-value df 

Biomass Furthest upstream 
- Bypass 

0,631 0,519 2 

Biomass The bridge - 
Bypass 

0,692 0,519 2 

Biomass The bridge – 
Furthest upstream 

0,985 0,519 2 

Abundance Furthest upstream 
- Bypass 

0,003 8,246 2 

Abundance The bridge - 
Bypass 

0,005 8,246 2 

Abundance The bridge – 
Furthest upstream 

0,884 8,246 2 

Evenness Furthest upstream 
- Bypass 

0,779 1,171 2 

Evenness The bridge - 
Bypass 

0,313 1,171 2 

Evenness The bridge – 
Furthest upstream 

0,682 1,171 2 
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Figure 15. Stone sampling A) biomass, B) abundance and C) evenness compared between the different localities 
the bypass, furthest upstream and the bridge (n=5).  
 
Dead wood 
A significant difference in the Shannon diversity of invertebrates living on wood was found; 
the bypass had a greater Shannon diversity than the locality furthest upstream (p-value of 
0,028) but Simpson diversity was not significantly higher (Table 10). One-way ANOVA of 
Simpson diversity on dead wood showed F1,4=2,99, p=0,16. One-way ANOVA of Shannon 
diversity on dead wood showed F1,4=11,41, p=0,03.  
 
Table 10. Tukey comparison of Simpson and Shannon diversity between the different localities dead wood 
collected invertebrate fauna. Significant values are marked in bold.  

Index Locations 
compared 

p-value F-value df 

Simpson diversity Furthest upstream 
- Bypass 

0,159 2,988 1 

Shannon diversity Furthest upstream 
- Bypass 

0,028 11,41 1 
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Figure 16. A) Simpson and B) Shannon wood diversity compared between different localities the bypass and 
furthest upstream (n=3). 
 
There was no significant difference of biomass, abundance and evenness of dead-wood living 
benthic invertebrates between the localities. One-way ANOVA of biomass on dead wood 
showed F1,10=0,52, p=0,49. One-way ANOVA of abundance on dead wood showed 
F1,10=0,40, p=0,54. One-way ANOVA of evenness on dead wood showed F1,4=4,39, p=0,1.  
 

 
Figure 17. Dead wood sampling A) biomass, B) abundance and C) evenness compared between the different 
localities (n=3).  
 
Non-metric multidimensional scaling 
Clustering was observed between bottom communities and to a lesser degree stone 
communities, indicating that these communities are sharing some similarities in community 
compositions and species abundance. The NMDS1-axis showed differences in community 
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composition between localities suggesting a difference in community composition. On the 
NMDS2-axis it was a visible difference in community composition between bottom and 
stone/wood habitats. Three dimensions were used (k=3, stress = 0.05). 
 

 
Figure 18. NMDS-graph showing the clustering of different communities based on the average abundances of 
the different benthic invertebrate genus. From left to right: ByPa – Bypass. Bridg – The bridge. FuUp – Furthest 
upstream.  

Discussion 
Effects of restoration on invertebrate fauna 
Differences related to quantity and quality of invertebrate fauna in Hargsån was found, which 
to some extent, might support the hypothesis that restoration has had positive effects on 
benthic macroinvertebrate fauna. Abundance of invertebrates was significantly higher in the 
bypass than in the other two localities when all factors were taken into consideration, which 
might indicate that the restoration has created habitats which are able to support a larger 
number of organisms. A significantly lower bottom diversity was found in the bridge locality 
in both Simpson and Shannon diversity compared to the restored bypass. As there was no 
significant difference in indexes of bottom diversity between the bypass and the other 
unrestored location, furthest upstream, the difference in diversity was likely not dependent on 
the restoration level. It is possible that the increase in physical complexity does not 
necessarily lead to an increase in benthic invertebrate biodiversity, which has been the case 
for many waters in Europe (Jähnig et al. 2010, Hering et al. 2015). It is important to keep in 
mind the temporal scale as it is possible that this will affect the results due to recolonization 
(Parkyn & Smith 2011, Pilotto et al. 2018). Restoration and completion of the bypass is recent 
in time, which might reflect results in this study being conducted at an early stage of 
succession, meaning that only the most mobile species of benthic invertebrates have been able 
to colonize at this point in time (Miyake et al. 2003). Immediately upstream of the bypass 
there is a dam and even further up there are unrestored reaches of the river. This could have 
resulted in that the benthic invertebrates need to drift long distances to colonize the bypass, 
resulting in the current observation of no difference in biodiversity (Parkyn & Smith 2011, 
Tonkin et al. 2014).  
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One positive outlook is that the relatively high biodiversity of the upstream unrestored 
locations might contribute to a quick recolonization of the bypass as species drift downstream, 
as long as this distance is not too far (Parkyn & Smith 2011, Tonkin et al. 2014). Over time, 
more of the upstream living species would have the opportunity to colonize the bypass 
increasing the localities’ biodiversity over a spatial scale of the river (Parkyn & Smith 2011). 
However, it is important to remember that drift is not the only way by which invertebrates 
might recolonize the river (Tronstad et al. 2007, Parkyn & Smith 2011, Vander Vorste et al. 
2016). According to earlier studies, it usually takes about 5 years in average for benthic 
invertebrates to recolonize a restored water (Pilotto et al. 2018), but the temporal scale of 
recolonization is unclear as mobility factors of invertebrates affects this (Miyake et al. 2003, 
Parkyn & Smith 2011). As the restoration in Hargsån was finalized in April 2021 and the 
sampling was done in September/October 2022 it is likely that the river is not in its final stage 
of colonization until around 2026, according to the results reported by Pilotto et al. (2018). 
 
One interesting finding was the significantly larger higher Shannon diversity on the dead 
wood in the restored bypass compared to the unrestored location furthest upstream. As dead 
wood is an important habitat in running waters (Pilotto et al. 2014, Thompson et al. 2018, 
Dossi et al. 2020), it is not entirely clear why there is such a difference in Shannon diversity 
between these localities. It could be speculated  that the dead wood in the bypass is a better 
habitat for net-spinning caddisflies due to higher water velocity (See for example Cashman et 
al. 2016). According to Pilotto et al. (2018), adding larger stones and dead wood to running 
waters is a commonly used method to increase benthic invertebrate diversity. 
 
The results of this study show that there are no significant differences in benthic invertebrate 
Simpson or Shannon diversity between the localities (table 4), but there are significant 
differences of invertebrates between bottom and stone habitats (table 6, table 10). This means 
that restoration efforts have not, at least for now, changed invertebrate diversity in the 
localities although in some of the habitats there are statistical differences in diversity of 
benthic invertebrate communities. The habitats with significantly higher benthic invertebrate 
diversity are located within the restored bypass, suggesting that restoration efforts have 
allowed for this increase.    
 
There were no differences in biomass between any of the locations, which is supported by 
earlier studies showing difference in biodiversity and community composition, not necessarily 
biomass, between restored and unrestored waters (Thompson et al. 2018). Also, the total 
phosphorus data (table 2) showed almost the same values for all 3 localities, indicating that 
the productivity was similar between the localities. The community similarity plot showed 
that the difference in community composition between the different localities clustered along 
the NMDS 1-axis (Fig. 10). This indicates that the restoration and construction of the bypass 
likely has resulted in a species shift within the community, although this difference in species 
composition could also be due to the process of recolonization not being in its final succession 
state (Parkyn & Smith 2011, Tonkin et al. 2014). According to the NMDS-graph there was a 
larger distance between communities in the bypass compared to the other two localities, 
where the unrestored localities seem to be more clustered together. This might be due to the 
earlier mentioned state of recolonization allowing for early colonizing species to dominate the 
bypass.  
 
There are several factors that could explain the significant differences between the 3 
localities. Although they were chosen to be as similar as possible except for the status of 
restoration and migratory blockages the furthest upstream location had a water velocity of 
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0,26 m/s compared to the other two locations which had 0,65 and 0,54 m/s in water velocity. 
This could have affected benthic invertebrate community composition as species are adapted 
to different water flow (Hart & Finelli 1999). For example, species of house building 
trichoptera are known to live in different flow speeds depending on what building substrates 
they use. Sand-building species live in parts of rivers with a higher water flow and leaf-
building species in waters with lesser flow (Mandahl-Barth 1988). One individual of 
trichoptera with a house made of leaves was found in the furthest upstream locality and all 
other trichoptera found in the other localities were sand-building species, suggesting that 
water velocity has influenced species composition. This could possibly be explained by that 
the water velocity have affected the result in this study, not only the diversification and 
addition of micro-habitats such as dead wood. It should be noted that restoration usually 
changes the flow regime, which is a wanted effect to create a more natural state of the running 
water and its habitats.  
 
In order to eliminate the factor water velocity, it would be possible to exclude the furthest 
upstream location (0,26 m/s) and only compare the bypass and the bridge, as these two 
locations are similar in water velocity (0,65 and 0,54 m/s). By doing this, theoretically, it 
should only be the physical complexity of the habitats between the locations that differs. Still, 
there was a significant difference in both Simpson and Shannon bottom diversity between the 
bypass and the bridge (p-values of 0,003 0,029 respectively) and the NMDS-graph shows a 
difference in community composition. Abundance was also significantly higher in the bypass 
for all factors and the stone habitat. This could be suggested to be related to restoration efforts 
in Hargsån creating a shift in species abundance of benthic invertebrates (except for on the 
bottom) and diversity which has been proven to be the case in many earlier studies 
(Thompson et al. 2018, Pilotto et al. 2018, Dossi et al. 2020).  
 
It should also be noted that there is a natural variation of benthic invertebrate community 
composition along stretches of running waters, which do not necessarily have to be related to 
the level of restoration. The river continuum concept among other models are examples of 
explanation of this community composition variation which depends on hydro- 
geomorphologic factors (Vannote et al. 1980, Maasri et al. 2021).  
 
Due to the high abundance of juvenile salmonids in the bypass (appendix table 2), it could 
indicate that the ecosystem productivity of the bypass has increased. Having a higher diversity 
of benthic invertebrates and, for example, a higher production of caddisflies could, in turn, 
support a higher abundance of juvenile salmonids (Cashman et al. 2016, Thompson et al. 
2018). There were no salmonids found during electrofishing of the bridge (appendix table 3) 
even though it was possible for them to get there since Upplandsstiftelsen have constructed 
the bypass. This could be an indication that the habitats created during construction and 
restoration of the bypass are better at supporting juvenile salmonids and spawning than the 
unrestored locality of the bridge. Mature trout (Salmo trutta) was for the first time seen 
spawning by the bridge in autumn of 2022, so there is a potential to find juvenile trout at this 
locality the coming years. Although the distance of about 1km and the slow flowing 
environment of the reaches between the bypass and the bridge might have made it difficult for 
juvenile trout to migrate upstream the current year, the physical diversification of habitats, 
shift of invertebrate community composition and biodiversity in the bypass might have 
created feasible habitats allowing for an increase in salmonid abundance in the future (See: 
Pilotto et al. 2014, Thompson et al. 2018, Dossi et al. 2020, Molina-Moctezuma et al. 2021). 
Upplandsstiftelsen have stated that they might be interested in following up this study the 
following years, creating datasets of benthic invertebrate fauna succession which might be 
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particularly interesting, especially in relation to their annual electrofishing data. This would 
be a good practice, as earlier studies have shown that restoration and monitoring efforts 
should be an ongoing process rather than an one-time event for their best effect (Pilotto et al. 
2018).  
 
Variables and potential errors 
One problem has been the water velocity which has varied between the locations, mainly 
being slower at the location furthest upstream. The stream velocity was around 2-3 times 
slower than the water velocity of the other locations, and this can affect benthic invertebrates 
species composition as species are adapted to different levels of water flow (Hart & Finelli 
1999, Doisy & Rabeni 2001).   
 
Shading of the different locations would be about the same based on surrounding vegetation 
canopy, but it was never measured in a scientific way. Therefore, it was also possible that this 
affected community composition of the localities and some of the results although localities 
were chosen, among other things, based on similarities in shading.   
 
In retrospect, it would have been good to quantify the bottom structures/substrates of the 
different localities to be able to compare them with the different results in e.g. biodiversity. A 
visual and descriptive observation was done of the bottom structures and used to create the 
figures describing bottom structure of the different localities. Width of the stream of the 
different localities was never measured, and it could have been an interesting variable to 
compare. Kick sampling was the only standardized method used as it is usually the primary 
method of benthic invertebrate sampling. The method used for stone and wood-scraping was 
invented on site. As stones have different shapes, this method might be a larger source of 
error compared to the kick sampling, as the area of stone searched for invertebrates varied 
between localities. Errors of stone sampling was a reality of the study, but as the same method 
was applied to all localities it did probably not produce bias to a large extent.  

Conclusions 
Benthic invertebrate fauna of Hargsån has likely benefited from the restoration efforts. There 
was a visible difference in community composition of invertebrates in the localities and to 
some degree a difference in biodiversity, which presumably will continue to increase due to 
recolonization. The river ecosystem has been enriched overall, with anadromous trout using it 
as spawning grounds while other fish-species that do not need the same water flow still would 
exist in slower flowing parts of the reaches. Increased habitat complexity has provided a shift 
in invertebrate species composition, but further studies will be needed over the coming years 
to provide more insight if the diversity has or will change. Follow-up studies are, according to 
other studies, needed over several years to be able to observe a more stable result of 
invertebrate community composition and diversity. There is a need for pre-and post-project 
monitoring of restoration efforts. In many cases projects are performed without this aspect, 
leaving much of the restoration results unknown (Miller et al. 2010). As is the case with 
invertebrate recolonization, the distance between reaches with highly diverse and healthy 
communities is vital to how long it will take for the results to be visible (Tonkin et al. 2014).  
 
If the furthest upstream locality is excluded from the study, with the motivation of its much 
slower water velocity affecting invertebrate species composition and diversity more than 
restoration level compared to the other localities, there is already a significantly higher bottom 
diversity of benthic invertebrates in the restored bypass compared to the unrestored bridge 
reach. With this in mind, it could be concluded that the restoration efforts in Hargsån already 
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have had great success, both with respect to creating salmonid spawning grounds and habitats 
for their juvenile life stage, as well with benthic invertebrate diversity and community 
composition. This statement is only true if the furthest upstream location has too slow water 
velocity and constitutes habitat for species that are not associated with running waters, at least 
not in the same way as the other localities as water flow greatly affects invertebrate 
composition (Hart & Finelli 1999, Doisy & Rabeni 2001). Analysis of benthic invertebrate 
diversity on bottom and wood habitats during the study showed a significant difference where 
the restored bypass and the unrestored furthest upstream locality had a greater Shannon 
diversity, both on the bottom and on dead wood than the bridge. If the furthest upstream 
locality is not excluded, it cannot be said that there has been an increase in benthic 
invertebrate diversity on bottom and wood habitats as this locality and the bypass have no 
significant difference in diversity on these habitats.  
 
In the autumn of 2022, after the field sampling of invertebrates were completed, 
Upplandsstiftelsen has restored the furthest upstream locality. With the increase in habitat 
complexity and change in water regime as a result of the restoration, it would be important to 
extend the sampling of benthic invertebrates to be done annually, to be able to measure the 
change of e.g. biodiversity over time. With the restoration of the furthest upstream locality, it 
is possible to create a timeline of changes of invertebrate abundance and composition over 
time, for example 5 years, as suggested by Pilotto et al. (2017).  
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Appendix 
 
Appendix table 1. Vegetation transects from the locality the bypass. Shore R means 20cm from the right shore.  

Bypas
s 

Transec
t 0m 

Transec
t 2m 

Transec
t 4m 

Transect 6m Transec
t 8m 

Transect 
10m 

Shore 
R 

- - - - - - 

1/4 - - - - - - 
2/4 - - - -  - - 
3/4 - - - - - - 

Shore 
L 

- - - Potamogeton 
compressus/freisii/acutifoli
us 

- Other 
potamogeto
n  

 
 
 
 
 
 
Appendix table 2. Vegetation transects from the locality the bridge. Shore R means 20cm from the right shore.  

 
 
 

The 
bridge 

Transect 
0m 

Transect 
2m 

Transect 
4m 

Transect 6m Transect 8m Transect 10m 

Shore R Fragmite
s 
australis 

- Other 
potamog
eton  

Fontinalis 
antipyretica 

Potamoget
on 
compressus
/freisii/acuti
folius 

Potamogeton 
compressus/fr
eisii/acutifolius 

1/4 Fontinali
s 
antipyret
ica 

Fontinali
s 
antipyret
ica 

Fontinalis 
antipyreti
ca 

Fontinalis 
antipyretica, 
other 
potamogeton 

Fontinalis 
antipyretica 

- 

2/4 -  - Fontinalis 
antipyreti
ca 

- - Fontinalis 
antipyretica 

3/4 Fontinali
s 
antipyret
ica 

- Fontinalis 
antipyreti
ca 

- Potamoget
on 
compressus
/freisii/acuti
folius 

Fontinalis 
antipyretica 

Shore L Fontinali
s 
antipyret
ica 

- Potamog
eton 
compress
us/freisii/
acutifoliu
s 

Fontinalis 
antipyretica 

Potamoget
on 
compressus
/freisii/acuti
folius 

Potamogeton 
compressus/fr
eisii/acutifolius
, fontinalis 
antipyretica 
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Appendix table 3. Vegetation transects from the locality furthest upstream. Shore R means 20cm from the right 
shore.  
 

Furthest 
upstream 

Transect 0m Transect 
2m 

Transect 
4m 

Transect 
6m 

Transect 
8m 

Transect 
10m 

Shore R - - - - - - 
1/4 - - - - - - 
2/4 - - - - - - 
3/4 Fontinalis 

antipyretica 
- - - - - 

Shore L - - - - - - 
 
Electrofishing 
Upplandstiftelsen is monitoring the effect of their restoration project on fish. In September 
2022 they electrofished two of the localities used in this study, the bypass and the bridge. 
Reaches fished were about 50m long, compared to the 10m used in this study. Data of fish 
abundance and species composition was used in a descriptive manner of these localities, as 
the main goal of the restoration project is to provide spawning grounds and habitats for 
juvenile Salmo trutta and other migrating anadromous fish arriving from the Baltic Sea such 
as Lampetra fluviatilis, Perca fluviatilis and Leuiscus idus. 
 
Appendix table 2. Number of fish-species caught in the bypass during electrofishing. Pacifastastacus leniusculus 
is also included.  

Replicate Salmo Trutta Perca fluviatilis Pacifastacus leniusculus  Lampetra planeri 
1 74 2 1 1 
2 20 1 4 0 
3 15 0 1 0 

 
Appendix table 3. Number of fish-species caught at the bridge locality during electrofishing. Pacifastastacus 
leniusculus is also included.  
  

Replicate Esox 
lucius 

Perca 
fluviatilis 

Pacifastacus 
leniusculus 

Rutilus Rutilus Lota lota 

1 2 6 1 7 1 
2 0 0 3 0 0 

 
 


