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Abstract

This study aims to provide information about how different widths of riparian buffers affect the
quantity and quality of sediments transported in a small stream after a clear — cut harvest. Small
streams have critical influences on downstream rivers and excessive transported sediments can have
large negative effects on the aquatic system. A small stream located 45 km north-west from Umea,
Sweden was studied. Traps were used to catch sediments transported along the stream bottom at the
end of 100 m long sections of stream that either had a narrow (5m) or wide (15m) riparian buffer or
was located within intact forest. The sediment collected was separated into coarse sediment, fine
sediment and very fine sediment.

A narrow riparian buffer was found to cause significantly (p < 0.05) heavier amounts of coarse
transported sediments than a wide riparian buffer after a clear — cut harvest. A narrow riparian buffer
caused heavier weights of transported sediments from the pre-harvest and the un-harvested control
than the wide riparian buffer. After a clear — cut harvest, the amount of inorganic transported
sediments weighed significantly (p < 0.05) more than the amount of organic transported sediments.
Additionally, it was found that a wide buffer could produce larger amounts of coarse organic
transported sediments than a narrow buffer — at least during a wind and rain storm.

With the results from this study, and with support from previous studies, it is suggested that a
wide riparian buffer should be used when a clear — cut harvest is made. The wide riparian buffer
will better meet the Swedish management objectives regarding sedimentation than a narrow one.

Keywords: Riparian Zone, Protective Zone, Headwater Stream, Forestry, Clear — Cut Harvest,
Harvest, Organic Sediment, Inorganic Sediment, Near Stream Logging.
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Introduction

In the forested area of Sweden small streams are important in an ecological and
biogeochemical perspective. The small streams make up 70-80% of the total length
of the stream network and have critical influences on the downstream rivers (Agren
et al. 2015). These important streams, also called headwater streams, transport
nutrients, provide habitat for aquatic organisms and produce sediments (Wohl
2017). Wohl (2017) also points out that these streams are often not recognised as
important parts of the stream network and therefore often lack legal protective
measures such as riparian buffers. Because they are not seen as important, small
streams have a greater risk of being negatively affected or destroyed by land use.

In order to ensure good quality and function of streams, the protection of the
riparian zone is important (Hasselquist et al. 2020). The riparian zone is the
landscape surrounding a stream and is the border between the aquatic and terrestrial
environment (Naiman & Décamps 1997). The riparian zone acts as a filter when
upslope water, sediments and nutrients flow through this zone, and this filtering
capacity has a regulatory effect on the aquatic system, e.g., protection from
excessive nitrogen input (Mayer et al. 2007).

Sweden has Strategic Management Objectives (SMO’s) to ensure that the forests
are sustainably managed with enough environmental consideration (Andersson et
al. 2013). This consideration includes the protection of riparian zones during
harvesting. During harvesting, a forested strip of vegetation near the stream should
be left untouched, and is referred to as a riparian buffer. The SMQO’s state that the
buffer should sustain ecosystem attributes such as shading, biodiversity, provision
of dead wood and food and the reduction of sedimentation (Skogsstyrelsen 2013)

The sedimentation reduction is one important ecosystem attribute that the SMOs
are supposed to protect. Excessive sediment transportation in streams can have
large negative effects on the aquatic system, fish eggs and fry survival can be
reduced (Sutherland et al. 2002), invertebrate community composition can be
changed (Kreutzweiser et al. 2005), and hydrological exchange processes can be
degraded (Brunke & Gonser 1997). The buffer can provide good protection from
excessive sedimentation; buffer widths ranging from 10 to 20 meters have been
shown to produce relatively little sedimentation (Gomi et al. 2005). However,
studies have showed that harvesting within the buffer is possible and up to 50% of
the basal area (BA) can be removed without increased sediment input in streams



(Kreutzweiser et al. 2009). Croke et al. (1999) showed in experiments that
compacted disturbed surfaces such as roads and tracks are the dominant sources of
sediment input and that actual tree harvest has minimal effect on sedimentation.
Kreutzweiser et al. (2009) suggests that harvesting within the riparian zone may be
possible if soil disturbance is kept on a minimal level.

The buffers around small streams in Sweden, if present at all, are usually less
than 5 meters wide and consists only of 1-2 rows of trees (Kuglerova et al. 2020).
Méenpad et al. (2020) questions the ecological function of narrow buffers as
massive windthrows is a major risk. Spruce-dominated, narrow buffers are more
likely be affected by windthrows, and thus, are more likely to cause more excessive
sediment transport than wide buffers (Hasselquist et al. 2021). The SMOs are
supposed to ensure that a buffer exists and that this buffer provides important
ecosystem attributes for example reduction of sedimentation (Andersson et al.
2013). However, there is little information how to manage the buffer to meet the
objectives (Chellaiah & Kuglerova 2021). When it comes to sedimentation in
streams, Chellaiah and Kuglerova (2021) found no relationship between
sedimentation and buffer width. However, they acknowledge that they might have
missed the peak in sedimentation caused by harvesting, as their study was made 3
— 8 years after harvesting. Sedimentation could have peaked just after harvesting
when the soils are still loose. For example, Macdonald et al. (2003) found that
suspended sediments in streams have been found to return to normal amounts
within 3 years or less.

In this study, | measured how clear-cut harvest protected by wide and narrow
buffers affected sediment transport. The SMOs regarding sedimentation can be
interpreted as there will be no (or minimal) difference in sedimentation before and
after harvesting. The results from this study can help us better understand if a wide
or narrow buffer best meet these SMOs. In contrast to Chellaiah and Kuglerova
(2021), this data is collected directly before and after harvesting and will, thus, give
a better view on what is happening directly after harvesting regarding
sedimentation.

1.1 Aim

The study aims to provide information on how riparian buffers of different widths
can affect the quality (i.e., inorganic vs. organic sediments) and quantity of
sediments transported in a small stream impacted by clear-cut harvesting.



1.2

1.3

Research Questions

What is the difference in the amount and size of sediment as well as quality
(i.e., iInorganic vs. organic) transported in a narrow riparian buffer compared
to a wide one?

Does a narrow (5m) or a wide (15m) riparian buffer better prevent changes
in sediment transport after harvest and thus better meet the SMOs?

Hypotheses

I hypothesize that a narrow (5m) riparian buffer will cause more sediment
transport (i.e., inorganic + organic sediments) than a wide one (15m) after
the adjacent stand is clear — cut harvested, but that the wide buffer will
produce a larger amount of organic sediments.

I hypothesize that the amount of sediment transported in a narrow buffer
will differ more from an unharvested control site than the wide buffer.
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Method and Material

The area of this study was at Trollberget Experimental Area (TEA), which is a
boreal forest approximately 45km northwest from Umea, Sweden. In the fall of
2018 this area became an experimental area when water quality stations were placed
there. This site is now used for various experimental projects including, forests
harvesting, soil preparation and riparian buffer design. The forest surrounding the
study stream is dominated by conifers such as Norway Spruce (Picea abies) and
Scots Pine (Pinus sylvestris). In the area there are iron podzols that are dry to moist
but closer to the stream there are more peat-like soils. The study stream is
approximately 1 meter wide and belongs to the Vindeln River Catchment and has
its outlet in the Gulf of Bothnia. The design of the experiment along the stream
consisted of 3 sites (1,2 and 3), each with a 100m long section of a narrow (5m)
buffer and a 100m long section of a wide (15m) buffer (Figure 1).

Lenka Kuglerova and Eliza Maher Hasselquist, both employees at the Swedish
University of Agricultural Science (SLU) collected the data. In this study only data
from site 1 and 3 were used, the data from site 1 to test the treatment (wide and
narrow buffer width) and the data from site 3 as un-harvested control. The forest
around site 1 was clear-cut in August the 15" and at site 3 there were still a forest
surrounding the stream, with no recent forestry measures made. this provided a set
up for a before — after — control — impact/treatment (BACI) experiment (Eberhardt
1976 see Conner et al. 2016). In October 2018 a wind and rain storm occurred that
resulted in large amounts of windthrows both in the narrow and wide buffer (SLU
2022).

11
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Figure 1. The study stream and the 3 different sites along it (1,2,3) where the samples were collected.
Figure made by Lenka Kuglerova.

The method used when collecting the samples was inspired by the work of
Kreutzweiser et al. (2009). Traps were used to catch the sediment transported along
the stream bed. The traps consisted of plastic boxes that were 17 cm long, 17 cm
wide and 5 cm deep. These were then dug into the bottom of the stream so that the
top of the box was level with the stream bed. These were then weighed down by
washed stones of a diameter between 1.5 — 2.5 cm. The tops of the boxes were open
but with a 1.5 cm mesh net on them as an added measure to prevent traps from
floating away. The open tops allowed sediments to be deposited but also re-
suspended by a variable stream discharge. Three traps were placed in the middle of
the stream in the end of the respective buffer widths in all of the sites. The samples
were collected monthly, 2-June to 2-July, 2-July to 27-August, 27-August to 2-
October and finally 2-October to 27-October. When the traps were emptied, the
contents were transferred to a 1L storage container, moved to a freezer within 4
hours, and stored frozen until lab processing.

The processing in the lab is based on the work done by Kreutzweiser et al.
(2009). It started with a separation of different sized sediments, coarse sediments
(larger than 1mm), fine sediments (250 um to 1mm) and very fine sediments (VFS)
that were smaller than 250 um. This was done by washing the sediments through
sieves of 1 mm and of 250 pum, the amount of water used was noted. The sediments
that were retained on the sieves were moved to labelled aluminium trays and later
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dried for two days at 60°C. After two days the sediments were weighed and then
put in a muffle furnace and were combusted in an increasing temperature, 1 hour to
get to 100 °C, 30 minutes to get to 300 °C and 30 minutes to get to 500 °C. When
the sediments had cooled, they were re-weighed in order to get the ash free dry
weights (organic fraction) and the ash weights (inorganic fraction). Sediments that
were washed through the 250 um sieve were collected in a bucket and suspended
by using a stir-bar on a magnetic stir-plate at a consistent speed. Later, a known
number of 25mL aliquots were withdrawn at a constant depth using a 30mL syringe.
The aliquots were then placed into a suction filter apparatus with a pre-ashed, 0.5-
mm glass-fibre filter that had been stored in a desiccator before use. Aliquots were
added to a point when the filter would not pass any more water. However, the filter
would always pass water, just very slowly. The amount of water used could be
adjusted based on the amount of sediment collected on the filter. In the case of water
containing very fine, silty sediments that would almost immediately clog the filter
at least 50mL for each sample was filtered. If 50mL of water was impossible to
filter, a second filter was used so the total amount of water between the two filters
were 50mL. The total subsample was then calculated from the number of aliquots
filtered and the volume of water collected. The sediment collected was then dried
for two days at 60 °C and was later combusted in a muffle furnace following the
same procedure already described in order to provide organic and inorganic
fractions of VFS. The data collected were later put in a raw-data excel file.

The collected data was analysed in two ways, with data from October and
without data from October. This was done in order to exclude the extreme values
caused by the storm in October, that could overwhelm the effect of the harvest and
buffer width treatment.

The two data sets, with and without October were analysed in the software
Rstudio. An Anova type 2 test was used to test the effects of buffer width and month
on the weight of transported sediments. However, the data used sometimes showed
no normal distribution, according to a shapiro test (p<0.05). This problem was fixed
by transforming the data to logarithmic values using log10.
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Results

An overview of how much sediments were transported during the studied months
is visible in table 1. There was a significant difference in the weight of transported
sediments between the month of October and the rest of the months (p<0.05), as

seen in figure 2.

Table 1. Means of sediments transported during each month depending if there was a wide (W) or
narrow (N) riparian buffer or in control (C). Numbers in parentheses denote the standard error.
During October there was only one value for fine sediments in a wide buffer, hence no standard

error. (-) denote the lack of standard error.

Inorganic + organic transported sediments

Months VFS (g/L) Fine () Coarse (g)
W N C W N C W N C
Jul 0.18 0.27 0.21 0.81 1.07 0.12 1.99 1.47 0.33
(£0.02) | (£0.02) | (£0.01) | (x0.09) | (£0.21) | (0.01) | (£0.12) (£0.15) (x0.03)
Aug 0.28 0.30 0.24 0.52 0.65 0.10 1.46 2.18 0.14
(£0.02) | (x0.02) | (+0.02) | (+0.03) | (£0.08) | (£0.00) | (%0.14) (£0.32) (£0.01)
Sept 0.35 0.22 0.11 0.48 2.56 0.15 0.22 6.15 0.46
(£0.05) | (x0.03) | (x0.02) | (+0.05) | (£0.15) | (£0.03) | (£0.01) (£0.80) (£0.00)
Oct 0.73 3.92 1.26 31.13 24.64 11.71 534.28 633.28 55.20
(£0.17) | (x0.54) | (x0.17) | (-) (£2.65) | (£2.05) | (x73.80) | (54.23) | (8.78)
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Figure 2. Average (+SE) weight of all sizes of inorganic (left) and organic sediments (right)
transported in the study stream depending on whether or not it had a wide or narrow buffer. July
and August show transport pre-treatment — when the forest was still standing, while September
shows the results after the wide (W) and narrow (N) buffers were created when the adjacent forest
was harvested. In October, there was a storm and the sediment transport was orders of magnitude
higher, thus, the y-axis has a break in it to be able to include the values on the same graph.

Overall, | found a trend that a wide buffer transported less sediment than a narrow
buffer among all months (Table 1, Figures 3, 4 & 5). After the clear-cut harvesting
was made in the middle of August, a significant difference in weight of transported
sediments between a wide and a narrow buffer was visible first in September (after
harvest) (p < 0.05, Table 2, Figure 2). In September, a narrow buffer caused heavier
amounts of coarse sediments to be transported than a wide buffer (p < 0.05, Table
2, Figures 3). No major difference was visible between a narrow and a wide buffer
in July (before harvest) or in August (during harvest) (p > 0.05, Table 2).

A narrow buffer caused heavier amounts of fine sediments than the control in
September and heavier coarse sediments in August and September (p < 0.05,
Figures 3 & 4). A wide buffer caused heavier amounts of coarse sediments than the
control in July and August (p < 0.05, Figure 3). There was no major difference of
transported VFS between a narrow and a wide buffer or between any of the widths
and the control (p > 0.05, Figure 5).

There were only differences between inorganic and organic transported
sediments during the month of October (p < 0.05, Figure 2). However, | found that
there were differences between inorganic and organic sediments during other
months when examining the sediment sizes individually. These differences
occurred after harvest, for VFS in September (p = 0.018), for fine sediments in
October (p < 0.0001) and for coarse sediments in October (p = 0.00063)
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Figure 3. Average (+SE) weight of coarse sediments transported in the study stream depending on
whether or not it has a wide or narrow buffer, compared to the control. July and August show
transport pre-treatment — when the forest was still standing, while September shows the results after
the wide and narrow buffers were created when the adjacent forest was harvested. Different letters
denote significant differences (p < 0.05) within months (i.e., A differs from B, AB does not differ
from A or B).
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Figure 4. Average (£SE) weight of fine sediments transported in the study stream depending on
whether or not it has a wide or narrow buffer, compared to the control. July and August show
transport pre-treatment — when the forest was still standing, while September shows the results after
the wide and narrow buffers were created when the adjacent forest was harvested. Different letters
denote significant differences (p < 0.05) within months (i.e., A differs from B, AB does not differ
from A or B).
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Figure 5. Average (xSE) weight of VFS transported in the study stream depending on whether or
not it has a wide or narrow buffer, compared to the control. July and August show transport pre-
treatment — when the forest was still standing, while September shows the results after the wide and
narrow buffers were created when the adjacent forest was harvested. There were no significant
differences within months (p < 0.05).

Table 2. Showing the P-values between the wide and narrow buffers and the p-values between the
two buffer widths and control for each month. Significance level = p < 0.05 * denotes a significant
difference.

Difference P-value VFS P-value Fine P-value Coarse
between buffer
widths (N,W)
and control (C)
N-C July 0.9997650 0.1502966 0.1390162
N-C August 0.9995226 0.1723582 0.0018405*
N-C September 0.9946897 0.0084004* 0.0156958*
W-C July 0.9999961 0.1665189 0.0288950*
W-C August 0.9993600 0.2360782 0.0058291*
W-C September 0.7029403 0.4567621 0.9015044
W-N July 0.9941489 1.0000000 0.9905244
W-N August 0.9999996 0.9999998 0.9990654
W-N September 0.9849763 0.3660126 0.0013188*
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Discussion

The most important findings in this study were that a narrow buffer caused more
coarse sediments to be transported downstream after a clear — cut harvest than a
wide buffer. I also found that a wide buffer better met the SMOs regarding
sedimentation than a narrow buffer. With these results, my research questions could
be answered and my hypotheses supported.

4.1 Difference in amount and size

In my first research question, | asked if there would be a difference in the amount
and size of sediments being transported, depending if there was a narrow or wide
buffer. October differed significantly (p < 0.05) in the weight of transported
sediments from all the other months, regardless if there was a narrow or wide buffer.
This difference can be explained by an extreme event - a wind and rain storm that
occurred in the middle of October (SLU 2022). However, a narrow buffer caused
heavier amounts of transported VFS and coarse sediments (Table 1) than a wide
one. This suggest that a wide buffer is better in preventing sedimentation during
storms than a narrow buffer, but none of the widths can prevent the excessive
sedimentation caused by an extreme event.

When combining the results from figures 3 — 5 and table 2 where the storm was
excluded, | found more transported sediments after harvest, regardless if a narrow
or wide buffer was used. However, a narrow buffer consistently exported more
sediments than the wide buffer and the un-harvested control site (p < 0.05). A
narrow buffer caused significantly more transported coarse sediments than the wide
buffer during September, after the harvest (Table 2). This difference between
narrow and wide buffers could depend on a number of things, but because the
difference mainly is in coarse sediments a probable explanation is likely
windthrows. These windthrows and the disturbance of riparian soil from the
exposed root wads could lead to large sized sediments entering the stream. This
explanation is in line with Maenpéa et al. (2020), questioning the function of narrow
buffers.

I found support for my first hypothesis, that a narrow buffer will cause more
sediment transport than a wide one after an adjacent clear — cut. The difference was
found in the weight of coarse transported sediments (p < 0.05, Table 2). However,
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when looking at figure 3 — 5 it is also shown that the weight of fine sediments
differed between a wide and narrow buffer after harvest, although not significantly.

According to Gomi et al. (2005) buffer widths ranging from 10 — 20 m produced
relatively little sedimentation and Croke et al. (1999) states that one of the dominant
sources of sediment inputs are disturbed surfaces such as machine tracks. This
together with the fact that a narrow buffer is more prone to windthrows (Méenpaa
et al. 2020) are plausible explanations of my findings.

4.2 Differences between inorganic transported
sediments and organic transported sediments

Additionally, my first research question asked if there was a difference between
transported organic (OTS) and inorganic sediments (ITS) depending if there was a
narrow or wide buffer. The finding that ITS are heavier than OTS for every month,
as seen in figure 2 does not necessary mean that the amount of ITS is greater than
OTS, only that it weighs more. Each ITS particle probably weighs more than an
equally large OTS particle. The fact that the difference between ITS and OTS for
the individual sizes occurred only after the clear — cut harvesting, suggests that an
adjacent clear — cut might alter the sediment quality (i.e., inorganic vs. organic).

When comparing wide and narrow buffers for ITS and OTS respectively, the
coarse OTS from the wide buffer weighed more than the coarse OTS from the
narrow buffer after the storm in the month of October (Figure 2). This is the
opposite of my previous findings, indicating that a narrow buffer causes heavier
amounts of transported sediments. This can be explained by the storm in October
and that there was more organic material available to enter the stream in a wide
buffer than in a narrow one. My first hypothesis, stating that wide buffers will
produce larger amounts of organic sediments than narrow buffers was partially
supported. Wide buffers can produce larger amounts of coarse organic sediments
than a narrow buffer — at least during an extreme event.

4.3 Best width to prevent changes in sediment
transport

My second research question related to the Swedish management objectives
(SMOs) regarding sedimentation which can be interpreted as there will be no (or
minimal) change in the amount of transported sediments after harvest. To answer
this, I determined which of the two buffers had more similar values of transported
sediments to before clear — cut and control values. The control shows fairly stable
monthly averages of transported sediments before the storm hit in October (Figure
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3,4 and 5). | found support for the second part of my hypothesis, that a narrow
buffer will differ more from the control than a wide buffer. When comparing how
the wide and narrow buffer differs from the control, the narrow buffer seemed to
cause significant differences in the amount of transported sediments more often (p
< 0.05, Figures 3,4 and 5). After harvest (September), it is only the narrow buffer
that differed from the control (p < 0.05, Figure 3). This suggests that a wide buffer
Is better in preventing changes in the amount of transported sediments after a clear
— cut harvest, and thus, better meet the SMOs.

4.4 Comparison with already made studies

Chellaiah and Kuglerova (2021) found no trends that buffer width affects
sedimentation and that sediment cover was similar in un-harvested reference sites.
| found the opposite, that buffer width affects the amount of coarse sediments being
transported. My study also shows, in contrast to Chellaiah and Kuglerova (2021)
that a narrow buffer caused heavier amounts of transported fine and coarse
sediments (p<0.05) than un-harvested control sites. The way the data was collected
in the respective studies could be a reason why the results differ. Chellaiah and
Kuglerova’s (2021) results are based on visual snapshots in several streams, |
studied one single stream but with data collected for whole months. Both studies
have their respective pros and cons but one big advantage in my study is that |
compared samples from the study stream that were collected directly before, during
and directly after harvest. Chellaiah and Kuglerova (2021) might have missed the
peak in excessive sedimentation caused by harvest, as their study was conducted 3
— 8 years after harvest.

My results are similar to Nieminen et al. (2005), stating that wide buffer sizes
are more effective in reducing sediment concentrations than narrow ones. The
questionable function of narrow buffers stated by Mé&enpéa et al. (2020) also
matches with my findings. Méenpaa et al. (2020) compared 15m and 30m buffers
and found that the narrower buffer was more susceptible to blow down. My findings
that wide, 15m buffers are better in preventing changes in the amount of transported
sediments than narrow buffers agree with Goomi et al. (2005), showing that buffers
between 10 — 20 meter produce little excessive sediments.

Kreutzweiser et al. (2009) found that up to 50 % of the basal area in buffers
could be harvested without any significant risk of increasing sediment input to
streams. My study indicates that harvesting near the stream could lead to an
increased sediment production. However, the two studies are difficult to compare.
The buffer widths in the study of Kreutzweiser et al. (2009) ranged from 30 — 100
meters and these were harvested in late winter to minimize ground disturbance. The
buffers in my study ranged from 5 — 15 meters and the adjacent forest was clear —
cut in late summer. The combined results from the two studies suggests that no
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harvesting should be done closer than 15 meters to the stream and that careful
harvesting can be done in extra wide buffers (30 — 100 meters).

4.5 Sources of error

There are a few things in my study that could have contributed to errors in the result.
The study only examines one site with treatments along one stream. This results in
few samples and difficulties in making reliable conclusions, especially when the
standard error of the samples was relatively high (Table 1) and the data set
contained many extreme values.

In this study, the samples were collected at the end of each buffer width. This
results in not knowing for certain from where the collected sediments originate
from. Sediments collected at one buffer width could possibly originate from
upstream where other treatments have been made. A study where the collected
weights at the end of the buffer width is subtracted with weights from the beginning
of the buffer width should give more accurate results. Such a study would only
show the weight of sediments that originate from that particular buffer width.

Another source of error could be that the narrow buffer is located downstream
from a gravel road. Goomi et al. (2005) states that one of the external sources of
sediments into streams are roads, Christie & Fletcher (1999) identified road fill
materials as the main source of sediments in streams in areas that were harvested.
The collected data from the stream in the narrow buffer could therefore be higher
than normal due to the road upstream, making the comparison to the wide buffer
located upstream from the road less reliable.

4.6 Conclusion

| found that riparian buffer width affects the amount of transported coarse sediments
in a small stream after a clear — cut harvest. Furthermore, | found that a narrow
riparian buffer caused heavier amounts of transported coarse sediments than a wide
riparian buffer. My hypotheses were supported; a narrow riparian buffer caused
more sediments to be transported than a wide riparian buffer, with one exception.
A wide riparian buffer can cause heavier amounts of coarse organic sediment than
a narrow one after a storm (likely needles, branches, and cones). Thus, a wide
riparian buffer is preferred in order to best meet the SMOs regarding sedimentation.

With the results of this study and with support from previously conducted
studies, | suggest using a wide riparian buffer of at least 15m when a clear — cut
harvest is done next to a stream. Kreutzweiser et al. (2009) stated that harvesting
within the riparian buffer is possible (up to 50% of the basal area) without risking
increased sediment inputs in streams. If partial harvesting within riparian buffers is
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to be done, it is my suggestion that they should be done with great caution and
thoughtfulness. If not, excessive sedimentation because of more windthrows
(M&enpaa et al. 2020) and more disturbance of the soil surface could occur (Croke
etal. 1999).

In order to get a better understanding of how riparian buffer widths affect
transported sediments and which riparian buffer width should be used when
harvesting more research is needed. My study is limited by few samples, short study
time and that only one stream was studied. A similar study should be done over a
longer period of time to see how long the effects of buffer widths lasts.
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