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» We report preliminary results on two-stage channels compared to conventional dredging
> Floodplains improved riparian diversity and moderately trapped particulate substances
» Partial mowing improves the conveyance and likely the water quality benefits

Overview

Conventional dredging of agricultural streams and small rivers to
support drainage and flood management substantially degrades the
ecosystem and the natural channel processes (e.g. Vastila et al.,
2021). The objective of this contribution is to investigate an
alternative, nature-based two-stage (compound) channel design
(Figure 1) aiming to improve the flow conveyance, water quality and
biodiversity in small agricultural catchments. The analyzed two-
stage channels (TSCs) located in Finland were constructed by
excavating a 1-5 m wide floodplain on one or both sides of the low-
flow channel.

The TSCs have provided well-functioning drainage since their
establishment ~5-15 years ago. To mitigate the increase in flow
resistance generated by natural vegetation succession, partial
mowing of the floodplain is recommended instead of maintenance
dredging. For instance, mowing in 40% of the two-stage reach length
improved the conveyance capacity at autumn flood flows by ~25%.
Regarding water quality, TSC construction increased suspended
sediment (SS) and phosphorus (P) loads when the newly excavated
floodplain was unvegetated, but the loads returned to the pre-
excavation values in ~1 year. Deposition on the floodplains
significantly increased with increasing floodplain inundation
frequency, i.e., decreasing elevation of floodplain above channel
bed (Hrp), from ~10 kg SS/m? and 7.3 g P/m?for HFr=0.6 m to 0.6
kg SS/m? and 0.6 g P/m? for Hr=0.92 m. The water quality
performance of TSCs can likely be improved by selective vegetation
maintenance (Figure 1; see also Vastila et al., 2016).

The TSC design could benefit riparian biodiversity, as indicated by
results on beetles. In addition, the five examined TSCs had 10-50%
higher number of plant species on the riparian areas (floodplain and
channel banks) and low-flow channel compared to conventionally
dredged reference reaches. The TSC design seemed not to provide
much improvement to physical habitat quality in the main channel,
in contrast to DeZiel et al. (2019) who found improved fish diversity.

There are currently few tens of kilometers of two-stage channels in
Finland, but since 2023 TSCs are integrated into the new European
Union agri-environmental subsidy scheme (CAP-AES), which is
expected to aid in mainstreaming them (see also Vastila et al.,
2021). The two-stage channel design is considered widely
applicable under Boreal and Continental climates, with cost-
efficiency gained by applying it instead of conventional re-dredging
when flow conveyance needs improvement.
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Introduction

Two-stage channels are applied for agricultural drainage particularly in Midwest US while pilot sites and
field investigations in Europe are sparse (Vastila et al., 2016; EA International, 2020). According to the
limited evidence available, agricultural two-stage channels likely improve water quality by retaining
suspended sediments and nutrients on the floodplain and potentially enhance plant and fish biodiversity
(e.g. Trentman et al., 2020; Vastila et al., 2021). This study addresses some of the remaining knowledge
gaps, including the optimal design and maintenance of TSCs to maximize their benefits.

Method

We conducted field investigations in six agricultural channels where a two-stage channel design was
applied 3-15 years ago, and in conventionally dredged reference reaches. The influence of the elevation
of the floodplain above the main channel bed and of the partial mowing of the floodplain vegetation
(Figure 1) on the retention of suspended sediment (SS) and sedimentary phosphorus (P) was measured
at two sites by grass mats 0.09 m? in area, water levels by pressure sensors, transported SS and P
loads by in-situ calibrated sensors (as in Vastila et al., 2016), and biodiversity based on abundance and
richness of diatoms, invertebrates, riparian beetles and plants. Sedimentary phosphorus was analyzed
using ICP-OES and sequential extraction.
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Figure 1. A stuied agricultural two-stage channel (R/tobackeh Brook, Finland) consisting of a narrow main (low-flow) channel and
a vegetated floodplain (left). The influence of the mowing of the floodplain vegetation on the suspended sediment and phosphorus
deposition was compared to a non-mowed control reach (right).

Results and discussion

At the longest monitored site, SS deposition on the floodplains was around two-fold in the first few years
after the two-stage channel construction compared to a decade later when the very dense vegetation
likely limited the supply of SS from the main channel to the floodplain (see also Vastila et al., 2016). The
trapping increased by 77% for SS and 60% for P when the > 1 m high floodplain vegetation was mowed
to the height of ~10 cm (Figure 1). The total P retention is larger through additional uptake in plant
biomass (e.g. Trentman et al., 2020). At the two investigated sites, over half of the total P was formed
of iron-bound fraction, which can become bioavailable under reducing conditions.

Regarding biodiversity, the TSCs had, in general, slightly lower diatom richness and no difference in
invertebrate diversity compared to the conventional dredging, although there was high variation in
responses among the study systems. TSCs had higher riparian beetle diversity and more unique beetle
species compared to the conventionally dredged or natural-like reference sections. As TSCs exhibited
unique species, also for pollinators (Vastila et al., 2021), the modification of part of the conventionally
dredged channel network to two-stage channels could enhance the catchment-scale biodiversity.

Climate change increases the need for efficient drainage, flow conveyance and such new methods for
decreasing the transport of fine sediment and nutrients to downstream water bodies. Further
investigations at TSC study sites of varying drainage designs and maintenance practices are needed to
understand the variables controlling the SS and nutrient retention under Boreal conditions, while the
mass balance for suspended sediment and nutrients in two-stage channels and conventionally dredged
reaches should be compared taking into account the processes in the low-flow channel.
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