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Abstract
Forest management, including timber harvesting, is the primary land use activity in most
of Sweden. However, clear cutting forests (i.e., final felling) can create a number of
environmental problems in aquatic ecosystems and their communities. To combat these
affects, intact riparian ‘buffer zones’ are typically left along streams and lakes in the
Swedish landscape. There are many ideas on how wide a buffer zone has to be, to
maintain an optimal ecological and hydrological state of a stream. Not only is the width of
buffer zones debated, but also their overall design, including whether un-buffered stream
segments could be beneficial. This study aims to test the effects of riparian buffers on
macroinvertebrate biodiversity and community composition in streams draining
catchments with clear cutting. To do this, I estimated the family richness and a variety of
additional metrics from nine streams from southern Sweden in the Jönköping area. Three
of the streams had intact buffers (<5 meter), three had no buffers, and three were
unharvested (i.e., forested) catchments that served as controls. This study used data and
benthic invertebrate samples collected as part of a bigger study, which were picked and
manually sorted by the author. Richness ranged from 3 families at one site to as many as
13 at another one. Total abundance ranged between sites from 19820/m2 to 27920/m2
individuals. Overall, the results showed no significant difference in any of the invertebrate
metrics across the three stream types. However, family richness increased among sites as
a function of water temperature. The lack of buffer effects reported here may reflect the
extremely warm summer of 2018, which caused a massive drought and was the warmest
one ever recorded in the parts of Sweden where the invertebrates were collected.
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1. Background
The total area of Sweden is 40,8 million hectares and of these, 28 million hectares are
considered forested. Of this forested area, 23,6 are considered productive with biomass
production rates of at least one cubic meter per hectare and year (Nilsson et al. 2019). In
the end of the 1800’s, the industrialization led to a higher demand for wood, which
started an era of clearcutting in Sweden (Lundmark, Josefsson and Östlund 2013).
Clearcutting is a form of forestry that is the most common one practiced in Sweden. It is
the process of cutting the vast majority of timber in an area all at once, resulting in a high
level of production and therefore has the highest economical value among different
forestry methods, according to the forestry companies (Sveaskog 2015). While this is an
effective, yet controversial way of harvesting biomass, it comes with potential
environmental costs. For example, clearcutting can lead to changes in animal behavior,
soil biology, acidity, hydrology, erosion and temperature (Keenan and Kimmins 1993),
and may also alter the ecosystem process reducing the heterogeneity of the broader
landscape (Garcia-Tejero 2018).
Leaving intact (i.e., unharvested) riparian buffer zones around water bodies (streams,
rivers, and lakes) has emerged as a common management tool to mitigate the effects of
clearcutting. For example, in the United states, guidelines have been formed in order to
protect the riparian zone from logging (Blinn and Kilgore 2004). Recommendations and
regulations in the Nordic countries, however, are often very under-developed. The
riparian zones in connection to streams in the forested landscape provide the aquatic
ecosystem with many important services. Specifically, buffer zones can be used to prevent
excess soil nutrients from reaching the water, as well as to stabilize banks, control
temperature, provide shade and protect biodiversity (Gundersen et al. 2010). Accordingly,
these zones are thought to mitigate the unwanted effects of clearcutting on water quality
and aquatic communities.
While buffers are widely used in Sweden, there is an ongoing debate regarding how these
should be designed. In this context, one current question is how wide buffer strips need
to be to achieve environmental goals. Because of the relative ease of implementation,
most of the boreal timber producing regions now protect the riparian zone in a fixed
width buffer. A fixed width buffer is however not a guarantee for reaching conservation
goals because they may reduce spatial heterogeneity while not taking into account the
spatial structure of land-water connections in most landscapes (Kuglerová et al. 2014).
However, there are other types of buffer designs. For example, hydrologically adapted
buffers, (HAB) calls for wider buffers also sensitive groundwater discharge hotspots, but
thinner zones of protection elsewhere along stream reaches. Similarly, buffers may be
designed to emulate natural disturbance (END), which promotes successional processes,
more diverse plant communities, and patchy canopy gaps along streams (Kreutzweiser et
al. 2012). The forest research community in Sweden is currently evaluating these different
buffer designs, with managers already recommending various aspects of them to land
owners and forest companies (Skogsstyrelsen 2016).
In this study, I explored the effects of riparian buffer width on stream macroinvertebrate
communities. Macroinvertebrates play a big role in almost all aquatic ecosystems on
earth. They are considered the base of the food chain in the aquatic ecosystem and are
eaten by fish and other animals. They are also important in the way that they break down
detritus into forms of energy, made to be consumed by other animals (Michaluk 2019).
The terrestrial settings strongly influence the aquatic ecosystems, and the vegetation in
the riparian zone can change hydrology, geomorphology and the in-stream retention of
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both inorganic and organic material (Feijo-Lima et al. 2018). The diversity of
macroinvertebrates in streams is strongly connected to surrounding land use, with lower
richness often observed in agricultural and urban streams compared to forested streams
(Allan 2004) Furthermore, intact forested riparian zones may also promote higher
biodiversity compared to streams where buffer zones are degraded or absent (Moore and
Palmer 2005). Different types of macroinvertebrates are known to be more or less
sensitive to pollution, and orders such as Plecoptera, Ephemeroptera and Trichoptera,
known as the EPT’s are known to be sensitive to pollution and known to live in what
would be considered a good water quality environment. On the other edge of the
spectrum are Chironomidae, who are known to be able to inhabit polluted waters and are
considered less sensitive to pollution than the EPT’s (Plafkin 1989). Finally, stream
macroinvertebrates can also be categorized into groups based on their traits, which also
provide insight into environmental changes that affect stream ecosystems. In particular,
trophic habit can be divided into five groups, which focuses on feeding. These groups are
collector-gatherers, collector-filterer, herbivores, predators and shredders (Poff et al.
2006). Investigating changes in these different feeding groups can therefore provide
insight into how land uses (include riparian buffer design) is altering the resource base of
small streams (e.g., increases in algae or reductions of the detritus) (Nislow and Lowe
2006).

1.1 Aim of the study and questions
The primary goal of this thesis project is to test the effect of riparian buffers on
macroinvertebrate communities in headwater streams in southern Sweden that have been
exposed to recent clear-cutting in the catchment. Specifically, I evaluated the following
questions:
1. How do macroinvertebrate communities vary among streams with thin buffers,
versus no buffers, versus reference site without recent clear cuts?
2. How is the functional trait group of shredders influenced by the presence or
absence of riparian buffer zones?
3. How are indicator taxa influenced by these riparian conditions?

2. Method and material
This bachelor thesis uses the macroinvertebrate samples from an ongoing, larger study at
the Swedish University of Agricultural Science. As part of this study, quantitative benthic
samples have already been collected. I worked to complete the processing of these
samples in the lab and characterized the communities based on family-level taxonomic
resolution. The methods described here are the ones that are relevant to this thesis.
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2.1 Study sites
The samples gathered come from Jönköping in the south of Sweden and all samples come
from 9 streams no longer than 100km from each other. Within these nine, there were 4
sites from where the samples were collected. This thesis uses the categories (streams) of
no buffer, where there were no adult trees on either side of the stream. The thin buffer,
which had no more than 2 rows of trees along the stream (<5 m wide), and finally the
reference, where no cutting or harvesting of forest had taken place. The samples were
collected in mid-September to mid-October of 2018 using a Surber sampler in a sampling
area of 20x25 cm, (500 cm2). Light and temperature was measured using a HOBO
Pendant® Temp/Light 64K data logger every hour from July to October of 2018, and
light/canopy cover was also measured with a densiometer, used right above the water.
2.2 Lab work
The samples were picked using two sieves with the mesh sizes of 1mm and 0,16mm. All
the leaf litter and material that stuck in the sieves were looked through using a stereo
microscope with the magnification of 10x and a strong light source. The number of
individuals in each family of macroinvertebrates were then counted and separated into
different test tubes filled with a 70% ethanol solution. Macroinvertebrates were picked
out using soft pincers and then sorted and identified to family level using the two
taxonomic handbooks Aquatic insects of North Europe 1 and 2 by Nilsson A (1997;2008).
2.3 Statistical analysis
All data were analyzed in Excel analysis tool pak where all the calculations were made. I
used analysis of variance (ANOVA) to compare average invertebrate metrics among three
groups of streams (thin buffer, no buffer, and forest reference; n=3). I decided on a limit
for P-value of <0,05. The categories analyzed with the ANOVA were family richness, EPT
family richness, % Chironomidae, and % shredders. In addition to the ANOVA, I used
simple linear regression analysis to evaluate whether any of the macroinvertebrate
metrics varied among sites as a function of differences in light or temperature.

3. Results

Total abundande/m2

Macroinvertebrate abundance ranged from 19820/m2 to 27920/m2 among sites but did
not differ statistically among stream types. The highest abundance was at the site with the
thin buffer, with a total abundance of 27920/m2, the reference site held an abundance of
19820/m2 and the site with no buffer had 22600/m2 (Figure 1).
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Figure 1. The total abundance of macroinvertebrates of the three sites.
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Community richness also varied among sites, but overall were not significantly different
among the three stream types (p > 0.05; Appendix, Table 1). For example, EPT family
richness was the lowest across the reference sites, where an average of 2.3 (Standard error
(SE) = 0.4) families were found. By comparison, the highest EPT richness was found at
sites with the thin buffer, where the average EPT family richness was 4.4 (SE = 0.5) and
in the middle the no buffer which had an EPT family richness of 4,25 (SE = 0.7) (Figure
2a).
The thin buffer also had the highest number of the overall family richness, with an
average number of 9,6 families (SE = 1.0). The no buffer had a number of 9,3 (SE = 0.8)
average families and the reference had a 5,8 (SE = o.7) average of family richness (Figure
2b).
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Figure 2a. The EPT family richness of the three sites Means and SE displayed. Figure 2b. The overall family
richness of the three sites. Means and SE displayed.
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Indices that describe other attributes of the community, including functional feeding were
also not significantly different among sites (p > 0.05; Appendix Table 1). The percentage
of shredders was highest among reference streams at 28,6% (SE = 9.3). By comparison,
the no buffer streams average 22,9 % (SE = 3.5) shredders, while relative abundance of
shredders in the thin buffer-streams averaged 9,7% (SE = 5.3) (Figure 4a). Finally, the
percent of the community represent by Chironomidae (Diptera) were higher in the no
buffer stream, with an average of 39,4% (SE = 6.3). The thin buffer had 29,8% (SE = 5.3)
of the same and the reference stream had a percentage of 19,7 (SE = 5.5) (Figure 4b).
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Figure 3a. Percent shredders of the three sites. Mean and SE. Figure 4b. Percent Chironomidae between the
three sites. Mean and SE.
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While there were few significant differences in macroinvertebrate indices among stream
types, some of the variation in community structure was related to variation in light
amongst all stream (n = 9; Appendix, Table 2). For example, total family richness
increased among sites with temperature (r2=0.51 p=0.02; figure 6a) but not with light
(r2=0.31 p=0.11; figure 6b).
EPT family richness among sites with temperature had a similar trend, but not enough to
call it significant (r2 = 0.38, p = 0.07; Appendix, Table 2) and light (LUX) (r2 = 0.25, p =
0,16; Appendix, Table 2). The other macroinvertebrate indices showed similar trends
with light and temperature, although most these were not significant (p > 0.05; Appendix,
Table 2).
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Figure 4a. Family richness in regression with temperature. Figure 6b. Family richness in regression to
light (LUX).

In a correlation analysis between the two indicator-metrics used, % Chironomidae and
EPT family richness, there was not a significant correlation (r2 = 0,13, p =0,33; figure 8).
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Figure 8. Regression analysis between % Chironomidae and EPT family richness.
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4. Discussion
Riparian buffer zones are widely used to mitigate the effects of clear-cutting on-stream
habitat conditions and communities. While there is evidence that these zones can be
effective (Gundersen et al. 2010), there is ongoing debate in Sweden regarding how well
current buffers are working and whether they should be designed in different ways
(Kuglerová et al. 2017). To explore this issue, I evaluated how the presence of buffer
zones influence macroinvertebrate communities in streams exposed to recent clear cuts.
Overall, my results suggest that the stream communities sampled for this study, based on
multiple metrics, were not influenced by the presence of riparian buffers. Specifically, I
found no significant differences in community richness, composition, and functional
groups among the three groups of streams. However, I did observe positive correlations
between family richness and temperature and light, suggesting that local canopy cover
regardless of buffer design, has influences on stream communities.
The lack of effects observed here contrast with other studies of riparian buffer zones.
For example, Kreutzweiser et al. (2005) reported that a 3-meter undisturbed buffer was
enough around streams in Canada in order to not have any significant changes on
macroinvertebrate communities. However, in a study from Australia in 1994 suggests that
there will be a significant difference of a stream if the buffer width is <30 meters (Davies
and Nelson 1994). The lack of a powerful statistical result could be because of the small
number of sites (low statistical power) used in this study. Given naturally high variability
in aquatic communities, it is possible that more streams, and potentially more samples
per stream, would be required to detect statistical difference among the three groups
evaluated here. Regardless, at a minimum, my result suggest that it is always the case that
buffer zones have positive effects on the diversity of stream macroinvertebrate
communities.
Despite the lack of statistical results, there were interesting trends for indicator taxa
among sites. However, my results indicate that common biomonitoring indicators may
not be great for detecting riparian buffer influences. For example, EPT’s are often used as
indicators for good water quality (Peralta et al. 2019). At specific sites, there was possible
to see that there were more EPT families found in the specific samples at the thin buffersite than the reference-site and the site with no buffer at all. In addition, this study shows
that the highest percent of Chironomidae were at the site with no buffer. Most of the
Chironomids belong to the functional feeding group of collector-gatherer, with the only
exception being that of the Tanypodinae, who are predators (Poff et al. 2006). Desrosiers
et al. (2019) describes in a study from St. Lawrence river in North America that the
functional feeding group of collector-gatherers were the most abundant trait niche found
at sites that were the most polluted of their test sites. In this study however, the no buffer
site had the second highest EPT family richness, and just slightly less than that of the thin
buffer. Plafkin et al. (1989) showed that Chironomidae generally have a higher tolerance
level regarding e.g. pollution than the more sensitive EPT’s. The correlation analysis
conducted in this study between the % Chironomidae and the EPT family richness could
not show a correlation.
Similarly, there was no statistical evidence that buffer zones were influencing the
abundance of invertebrates that consume terrestrial litter (i.e., shredders). However,
when looking at the % Shredders, the highest percent were found in the reference streams
(28,6 %). This would suggest there being more detritus, leaves and such at the reference
site in comparison to the other two sites which would make sense based on the idea that
the reference site should have more trees than the site with no buffer or the thin buffer.
Other studies have shown that the representation of the functional feeding group
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shredders increased with a higher canopy cover, and that a site dominated by shredders
could switch to being dominated by grazers and Chironomidae after logging (Nislow and
Lowe 2006).
Lack of differences among the three groups of streams could reflect the extreme drought
that dried out many small streams in the summer 2018. During this summer, many parts
of Sweden had all time temperature records that preceded when these samples were
collected (Swedish Meteorological and Hydrological Institute 2018). While drought is
considered to be an important type of natural disturbance on streams, the effects of
drought on a stream include alterations in richness, abundance and species composition
which can change the entire community structure (Atkinson et al. 2014). Anecdotal
observations from these streams suggest that forested streams may have been more
affected by drought, likely because evapotranspiration from surrounding forests
exacerbated low water conditions (L. Kuglerová, personal communication). Historically,
drought has not been well studied in high latitude landscapes, but apparent increases
recent extreme climate events in Sweden, more research on the effects of this disturbance
in streams is warranted.
While there were no significant differences among groups of streams, there was evidence
of local physical conditions did influence variation in macroinvertebrate communities
among sites. Specifically, family richness increased with temperature and showed a nonsignificant trend increasing with light. These results are consistent with studies
highlighting the local effects of temperature and light. For example, Wootton (2012),
found that a reduction in canopy cover increased algal production and insect taxa, and
also juvenile salmonids. In addition, Heaston et al. (2018) conducted a study focusing on
a smaller change in light compared to Wootton, which shows that even a slight change in
the patchiness and shading can have a big effect on the in-stream biota. Therefore, it
would be possible that very local effects of light and canopy cover make a difference, and
perhaps this should be taken into account when designing a buffer.
It is clear that further studies are needed to describe the possible difference between
logging sites and different buffer widths.

Conclusions
This study could not show any significant differences between riparian buffer zones that
were forested, had a thin buffer or were clear-cut in regard to the metrics that were tested
for. Much of the literature cited however, suggests this is often the case. This study does
however show that family richness increased with temperature and it is hard to know
exactly how the drought and extremely warm summer of 2018 affected the conditions of
the study. With more time and resources, I would use more samples, thus creating a
stronger setup for a statistical analysis and perhaps even redo the sampling, in order to
get a result unaffected by the drought of 2018.
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7. Appendix
Appendix; Table 1.ANOVA-analysis between the sites. No significant variance (P>0,05) could be noted.

Categories

SS

df

MS

F

PF
value
crit
1.61
0.27
5.14

EPT Family
richness
% Chironomidae

8.04

2

4.02

580.02

2

290.01

1.32

0.33

5.14

% Shredders

745.98

2

372.99

0.85

0.47

5.14

26.37

2

13.18

2.11

0.20

5.14

Family richness

Appendix; Table 2. Temperature and light effects on index-values. R, r2 and p-value of the different
categories in a regression analysis.

Category
Family richness temp
Family richness light
% Shredders Temp
% Shredders light
EPT family richness
temp
EPT family richness
light
% Chironomidae temp
% Chironomidae light

R

r2
0.71
0.56
0.47
0.36
0.61

0.51
0.31
0.22
0.13
0.38

p-value
0.02
0.11
0.19
0.32
0.07

0.50

0.25

0.16

0.23
0.45

0.05
0.20

0.54
0.21
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