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In this study, we focused on the hydraulic characteristics of Unionoida in flowing water, and conducted 
hydraulic experiments on three Unionoida species. The result indicated that the lentic species (Anodonta lauta), 
which is dominant in Azamenose wetland (artificially restored wetlands) was more easily affected by flowing 
water than lotic species (Unio douglasiae nipponensis, Lanceolaria grayana), which are dominant in main 
channel. This result indicates the reason why large number of Anodonta lauta live in Azamenose wetland, and 
suggests that the hydraulic characteristics of Unionoida is one of the reasons causing decrease in Anodonta lauta 
in the Matsuura River. 
 

1 INTRODUCTION  

Fresh water mussels (order Unionoida) have an important biological role as keystone species in river ecosystems. 
However, abundances of Unionoida are drastically decreasing [1] because of degradation of their habitat due to 
artificial river works, such as excessive riverbed excavation, channel straightening and the loss of lateral 
connectivity between channel and floodplain. 

Three Unionoida species have historically been found in the Matsuura River in Japan, and one lentic species 
(Anodouta lauta) has greatly decreased in abundance over the past 50 years. As they have low mobility, 
Unionoida are strongly affected by environmental changes in the river, such as loss of refugia in flooding time 
caused by channel straightening and excessive river bed excavation [2]. On the other hand, large numbers of 
Anodonta lauta have been found in Azamenose wetland– an artificially restored floodplain wetland located on 
middle stream of the Matsuura river [3]. From the results of ageing, some individuals of Anodonta lauta in 
Azamenose wetland are seemed to be transported from main channel to Azamenose wetland by flood flows [4]. 
Also the distribution of Unionoida is affected by hydraulic conditions [5], but the hydraulic mechanisms and 
behavior of mussels under flowing situation are not known.  

In this study, we focused on the hydraulic characteristics of Unionoida in flowing water, and conducted 
hydraulic experiments on three Unionoida species. 
 

2 STUDY SITE AND STUDY TARGET SPECIES 

2.1 Azamenose wetland (artificially restored wetland) 

The study site is located along the mid-order stream of the Matsuura River, Kyushu Island, in Japan. Azamenose 
wetland is an artificially restored floodplain approximately 1000 m long by 400 m wide, making a total area of 6 
ha.. Azamenose wetland serves as both a floodwater retention basin (except for flood discharge) and a region for 
wetland restoration activities. As part of the restoration project, the Azamenose wetland area was excavated to a 
depth of about 5 m, and its hydraulic connectivity was restored [2]. The site now consists of some ponds, creeks 
and terraced rice paddies. During normal flow periods, the only hydraulic connection of the Matsuura River to 
the Azamenose wetland area is through the creek (Figure 1). However, during periods of flooding, the 
floodwater flows into the entire Azamenose wetland area, and this floodwater brings sediments and many living 
things such as seeds, fishes and mussels. According to a previous survey [4], a large amount of mussels 
(Anodonta lauta) are found in Azamenose wetland (> 1400 Anodonta lauta). It is hypothesized that these are 
imported from the Matsuura River. Conversly, this species is quite limited rare in main stream of the Matsuura 
River. Other mussel species (Unio douglasiae nipponensis and Lanceolaria grayana) are dominant in the main 
stream. 



In this study, we focused attention on hydraulic characteristics of those Unionoida species under flowing 
water conditions. We hypothesized that hydraulic characteristic would differ among species. If so, this would be 
one of the factors which affect the distribution of Unionaida mussels. To verify the hypothesis, we conducted 
hydraulic experiment using living mussels. 
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Figure 1. General description of the study site. 
 

3 METHODS 

3.1 Target species 

The target species are the three Unionoida mussels that are observed in the Matsuura river basin (Table 1). Thirty 
individuals for each species were sampled for the experiment.  
 
Table 1. Target Unionoida species. 

Photograph

Japanese name Numagai Ishigai Tongarisasanohagai
Scientific name Anodonta lauta Unio douglasiae nipponensis Lanceolaria grayana
Shell length 4-20cm 2-6cm 4-11cm
Appearance in
The Matsuura
River

Many individuals in Azamenose,
but few in main river.

Many individuals in Azamenose
and  main river.

Many individuals in main river,
but few in Azamenose.

 

3.2 Hydraulic experiment 

We conducted a hydraulic experiment on the three species. Figure 2 shows a schematic diagram of the 
experiment. Mussels were released into the main flow of the river. Measured parameters are transported distance 
from start position to the final resting location (which is not necessarily the first point at which the mussel 
contacted the river bed). At the same time behavior of the flowing mussel were recorded by video camera.  
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Figure 2. Conceptual illustration of the hydraulic experiment. 

3.3 Characteristics of experiment site 

The experiment site was selected based upon the flowing water conditions (Figure 3). The experiment needed the 
following: flow velocity decreases from upstream to downstream; the water is clear enough to observe the 
mussels. 
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Figure 3. Characteristics of the experimental site. Left: Overhead view of the experiment site, Middle: Cross 
view of the river bed. Some dunes exist, Right: Longitudinal transition of flow velocity. Flow velocity decreases 
from upstream to downstream. 
 

4 RESULTS 

4.1 Mussel behavior in the stream 

Anodonta lauta displays floating and rolling behavior; it is easily transported by the water flow before stopping 
behind the dune (Figure 4). Unio douglasiae nipponensis is not as strongly affected by water flow as Anodonta 
lauta; it only rolls, before quickly stoping behind the dune (Figure 5). Lanceolaria grayana stops as soon as it 
arrives at river bed, and is little affected by water flow (Figure 6). 
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Figure 4. Behavior of Anodonta lauta in the stream. 
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Figure 5. Behavior of Unio douglasiae nipponensis in the stream. 
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Figure 6. Behavior of Lanceolaria grayana in the stream. 

4.2 Transported Distance 

Figure 7 shows the result of measured transported distance for the three species. Also Figure 8 shows 
comparison of mean value of transported distance among three species. Anodonta lauta was transported much 
further than other two species. This indicates that Anodonta lauta has hydraulic characteristics that render it 
more susceptible to effects of flowing water than the other two species. In Anodonta lauta, smaller individuals 
tended to be transported far longer distances than larger ones (Figure 7). 
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Figure 7. Transported distance of three mussel species.       Figure 8. Mean value of transported distance. 

 

5 CONCLUSION 

The result from this experiment shows that hydraulic characteristics is one of the factors which decides the 
distribution of Unionaida mussels.. Anodonta lauta (a lentic species) has hydraulic characteristics that make it 
more susceptible to effects of flowing water than the other two lotic species. We believe that Anodonta lauta 
cannot stay in main stream of the river during flooding time, and this characteristic is hypothesized as one of the 
reasons for the low abundance of Anodonta lauta in the Matsuura River. The Azamenose wetland may function 
as a refuge for Anodonta lauta during flooding. 
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