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Abstract. Increasing habitat-enhanced structures have been proposed to rehabilitate the channelized river,
but the effects of these structures remained unclear. In this study, we carried out an experimental study to
examine the effect of ecological low dam (ELD) on functional aspects of channelized river. The results
showed that the ecological low dam can improve the decomposition rate of organic matter. Moreover, the
ecological low dam can let the decomposition rate of leaves within health range. This finding was helpful for
comprehensively understanding the effect of ELD on the functional aspects of river ecosystem and guild us to
design ecological low dam optimally.

Introduction

Stream channelization is a widespread practice which has had large effects on instream biota, even has
caused severe degradation of the natural ecosystems of rivers!™’. Recently, many kinds of habitat improvement
structures or techniques have been proposed to improve the health of channelized river ecosystem. In order to
use these structures for restoration of channelized rivers effectively, it is very necessary to know the
environmental and ecological effect of these structures on the channelized river.

Ecological low dam (ELD) is one kind of structures, which is usually submerged in the river laterally and
generates habitats similar to riffle-pool sequences. Some studies have studied its effect of restoration, for
example, Shieds et al.'”) studied the effect of ELD on fish species, and the results showed that the ELD can
restore the river habitat complexity and enhance fish species. Chin et al. P! used the benthic
macroinvertebrates as indicators to investigate the effect of ELD in an urban stream. Negishiand Richardson!
studied the organic matter and macorinvertebrate response to place of boulder clusters in a small stream, and
find that ELD can enhance the amount of organic matter and macrinvertebrate. Harrison et al.”™! examined the
effect of instream rehabilitation structures on macroinvertebrates in lowland rivers, and showed that the
instream rehabilitation structures can improve the macroinvertebrates. Holly et al.[”! studied the response of
periphyton and invertebrates to wood placement in similar channelized rivers near Pacific Coastal area, the
findings showed that wood can serve as an important substrate for periphyton and invertebrates, and wood
can support a unique community of invertebrates that are often underestimated. Obviously, previous studies
showed that the effect of ELD structures have been received increasingly attention. However, these studies
have mainly focused on the structural indicators such as invertebrate and periphyton biomass.

Recently, the functional indicators such as rates of ecosystem metabolism, organic matter decomposition,
denitrification, nutrient spiralling, bacterial activity, and stable isotope analysis of food web components have
been increasingly used to measure river ecosystem health or integrity ). Compared to structural indicators,
much less effort has been devoted to evaluating their use in assessing the ecological integrity of streams !,
Moreover, the functional effect of the ELD remains unclear.

In this study, we use an experimental flume to simulate the channelized river nearby and investigate the
functional effect of the ELD.
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Materials and method

Experiment design

The studied river, which is called Kunyu River and located in the Haidian District of Beijing (Fig.1a), is a
typical channelized river. The experiment setups are mainly consisted of one water supply and two flumes (Fig.
1b, Fig. 1c, Fig. 1d) with physical dimensions about 6m>< 0.5m><0.5m. One flume was with ELD while the
other without ELD. The substrate of flume bed is from the Kunyu River nearby. Leaves of Populus trees, a
typical species along river bank and one of the dominant tree species in the study area, were used to evaluate
leaf litter decomposition in terms of leaf mass loss. Approximately 3.0 (£0.1) g of air-dried leaves were
placed into coarse-mesh leaf litter bags (mesh size: 0.5~ 1cm aperture), allowing invertebrates to colonize
and feed on the leaves. At each flume, three replicate bags were fastened onto rocks and incubated above the
stream bed. The water was run continually for one month.

(c) Flume with ELD (d) Flume without ELD
Fig. 1 Study river and experiment setups
Laboratory analysis

Two replicate fine-mesh and coarse-mesh bags were retrieved from flumes one month after initial
placement. The bags were placed in sealed plastic bags and returned to the laboratory. Leaves bags were
gently cleaned under flowing tap water in the laboratory and then the leaves bags was oven-dried to constant
weight (65 °C) and weighed.

Decomposition rates (day™) were calculated by fitting the remaining mass data (fraction Ln-transformed)
into the negative exponential model

M, =M™ (1)

where M ; is the remaining AFDM, M, is the initial AFDM and t is the incubation time in days.
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Result and Discussion

The weight of leaves in fine-mesh bags and coarse-mesh bags before incubation and after incubation
were showed in the Table 1. The mean decomposition of leaves in the fine-mesh bags are 2.16g and 2.40g,
respectively, in the flumes without ELD and with ELD. For leaves in the coarse-mesh bags, the mean
decomposition are 2.20 and 2.57, respectively, in the flumes without ELD and with ELD.

Table 1 Leaves weight in fine-mesh bags and coarse-mesh bags before and after incubation (Unit:

mg)
Fine-mesh bags Coarse-mesh bags
With ELD Without ELD With ELD Without ELD
Before 3.76 4.12 3.97 3.62
3.66 3.91 4.19 3.82
1.55 1.66 2.01 2.51
Alter 156 157 2.39 2.63

With formula (1), the mean leaves decompostion rates in fine-mesh bags are 0.029 and 0.0304,
respectively, in the flume with ELD and without ELD. The mean leaves decompostion rates in coarse-mesh
bags are 0.0258 and 0.0391, respectively, in the flume with ELD and without ELD.
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(b) Decomposition rate in coarse-mesh bags

Fig. 2 Decomposition rates of leaves in flumes with ELD and without ELD

FromFig.2, it was found that decomposition rates in fine-mesh bags differ fromthose in coarse-mesh bags,
as wellas in flumes with ELD and without ELD. Decomposition rate in fine-mesh bags was greater than that
in coarse-mesh bags in the flume with ELD. By contrast, decomposition rate in coarse-mesh bags was
greater than that in fine-mesh bags in the flume without ELD. The magnitude of leaf litter decomposition rates
in our study was similar to the range reported for other studiest” .
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Table 2 Framework of the breakdown rate module for assessing functional stream integrity by
means of litter breakdown assays.

Method Assessment parameter Criterion Score
Ki:K=0.75~1.33
Ki:K=0.5~0.75 or K;:K,= 1.33~2.0
K;:K,<0.50r >2.0
K;=0.01~0.03/d
Absolute value Breakdown coefficients at impacted (k;) K;=0.0005~0.01/d or 0.03~0.05/d

K;<0.0005/d or K;>0.05/d

_ L Ko:Ki=12~15
Absolute value of ratio ('T(it)lznog ft::’]z&zt?)o:]l;ﬁo;g;ﬂent In coarse Ke:K=1.5~2.0 or K;:K<1.2
K::Ke>2.0
According to Gessner and Chauv® in Table2, the scores of decompostion rates are 2 in both fine-mesh
bags and coarse-mesh bags, while the scores of decompsotion rates are 1 in both fine-mesh bags and
coarse-mesh bags. The results showed that the ELD can enhance the breakdown rate of organics matter in
channelized river, namely, the ELD can improve the functional aspect of the channelized river in some degree.
It showed that there were differences in breakdown rate of leaves between flume with ELD and without
ELD, the results agree with our hypothesis. It may be mainly attributed to differences in hydraulics setting
because the physicochemical variables are almost the same, therefore, the decomposition rate is only related
to the ELD in the flumes in the study. Like other sturctures such as engineered log jams, the ELD can form
riffle-pool sequence in the flumes, and have a large effect on stream velocities, shear stress distributions, and
drag forces. The ELD created hydraulic complexity in streams and thus improved the breakdown rate of
organic matter™,

N

Ratio of breakdown coefficients at

i ith ref . .
Comparison with reference impacted (k;) and reference (k;) site

OlRr|IN|O|F, |IN|O|F

Conclusion

In this paper, we carried out an experimental study on the functional effect of ELD, the results showed
that the ELD can improve the breakdown rate of organic matter. Moreover, the breakdown rate of leaves in
the flume with ELD are within the health range while the breakdown rate of leaves in the flume without flume
lied in the sub-health range, it should that the ELD can improve the health of channelized river. However,
further study should investigate the effect of forms of ELD on its restoration affect, which is useful for designing
ELD optimally.
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