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This study was conducted to clarify the invertebrate dynamics after sediment supply at the downstream of the 
Futase Dam in relation to the species which have different strategy to flood disturbance. Three types of benthic 
insects were selected considering their motion, creeping type/swimming type or habitat characteristics. Creeping 
type invertebrate was selected for flume experiment, and the critical velocity for walking was investigated. 
Washout conditions of invertebrates were also tested in situ at downstream of the dam. Using the critical 
condition of walking and washout, the strategy and dynamics of invertebrates for floods had been discussed. The 
critical velocity for the initiation of sediment and habitat height related to the sediment transport mode (bed 
load/suspended load) was also discussed as an important factor for the change in the invertebrate composition. 
 

1 INTRODUCTION  

Dams affect the downstream sediments’ environment (distribution of the material size, river morphology), thus 
ecological habitat. Sediment supply performed by dredging sediment in a reservoir and placing it in a 
downstream flood basin of the river is recently tested in many rivers for improving dam-downstream river 
ecosystem healthy and mitigating erosion. To design a suitable amount and size of supplied sediment, the 
response of a river ecosystem to the disturbance needs to be clarified. Invertebrates are important components of 
the ecosystem and the dynamics for flood disturbance are usually discussed in relation to the mean diameter of 
sand and gravel at the habitat, although the mean-diameter particles are assumed not to be moved by flooding at 
the invertebrate growing season from autumn to next spring. The increase in the movability of small size 
particles may affect the drift of invertebrates (Tanaka and Furusato, 2014). Gibbins et al. (2010) pointed out the 
importance of the stability of small size particles to understand the invertebrate community. Benthic insects 
which live in different microhabitat have different life pattern for their motion, creeping/swimming type, are 
supposed to have different strategy for flood disturbance. However, the mechanism is not well known because of 
no knowledge on the invertebrate fundamental characteristics, such as threshold velocity for washout (Prem et al., 
2013), escape and recovery (Hershkovitz and Gasith, 2013). 

Therefore, the objectives of this study are to 1) investigate the threshold velocity of creeping 
type/swimming type invertebrate by flume test, and in situ test, 2) evaluate invertebrate dynamics downstream of 
the Futase Dam in response to the flood velocity, and 3) relate the invertebrate dynamics to the mobility of 
small-size particles, especially from autumn to winter.  
 

2 MATERIAL AND METHODS 

2.1 Study site and invertebrate sampling 

To clarify the effects of sand/gravel supply on the downstream riffle of the Futase Dam, an upstream dam of the 
Arakawa River in Japan, field survey data were analyzed at three locations (St.4, 3, and 2, which are about 0.5, 
2.8, and 4.2 km from the dam site respectively) on bed material and invertebrate composition from autumn to 
early spring from 2003–2008. Sand/gravel was placed on the slope around 100 m downstream of the dam site in 



October, and the sand/gravel was washed downstream when a flood occurred. Before the sediment supply, 
armoring occurred at the three sites, and the average diameters of the gravel (D50) of St.4, 3, and 2 were 0.42, 
0.32, and 0.23 m, respectively. The sediment supply started in 2004, and the amounts supplied annually for 4 
years were 13000, 11700, 5400, and 5300 m3. The rate of supplied sand/gravel amount and sediment 
accumulation in the dam is around 0.1–0.2. The particle size of the supplied material was 100 mm at maximum, 
and 10–50 mm on average. This corresponds to the increased size range of the downstream sites where the field 
survey was conducted. In 2008, a large flood occurred and changed the bed structure, but from 2004 to 2007, the 
cross-sections of St.3 and St.4 was barely altered. 

Invertebrate sampling was conducted at the station in Fig.1a by the Futase Dam Operation and Maintenance 
Department from autumn 2004. Basically three surveys were done every year from autumn to early spring. A 
Surber sampler (50×50 cm, mesh size: 500 μm) was used for collection of invertebrates. At all survey stations, 
sampling was conducted in three quadrats of each riffle. This study analyzed the invertebrate data at S3. Two 
types of invertebrates were analyzed for invertebrate dynamics. The abundance was compared for 
Ephemeroptera (E) and Plecoptera (P). They were assumed to be the early recolonization taxa. This study didn’t 
consider low mobility invertebrates such as net-spinning types, Trichoptera. For the analysis, Heptagenioidea 
(Hep) is excluded because they can withstand the flow on the stone surface from its thin and streamlined body. 
So, Ephemeroptera (E) without Heptagenioidea is defined as ‘EH’ in this study. 

 

2.2 Methods for investigating the threshold velocity for washing out invertebrates 

2.2.1 Flume and in situ test for clarifying the threshold velocity for movement and washout 

The invertebrate used in this experiment is Oyamia lugubris from family Plecoptera (hereafter, Oy). The body 
length (with tail) of the invertebrate is 24.4 mm (average) with a standard deviation of 2.0 mm and the body 
height is 5 mm (average). The flume size of 25cm wide, 20cm deep and 180cm long was used for the experiment. 
The experiment was conducted for a range of water depth, 5-8.5 cm. Wooden bed surface with a Manning 
roughness coefficient of 0.013 was used. For setting Oy slowly, Oy was put in a circular cylinder tube of 15cm 
length and 4cm in diameter and the cylinder was slowly (around 5(s)) removed from the flume when the 
invertebrate faces upstream direction. The movement was observed under different flow conditions. After 
observation, the water depth and velocity was increased gently for 3 minutes till the water inside the flume 
channel became uniform. When the velocity was uniform, the invertebrates were observed for 90 (s). It was 
observed that most of the invertebrates were washed out within early stages of observation. When they could 
endure during 90 (s), they weren’t washed out afterwards. The water temperatures during the experiments ranged 
from 15 to 20 °C both in flume channel and aquarium. From the preliminary investigation, the observed 
invertebrate behavior can be classified into two; 1) walking, and 2) no walking or enduring behavior.  
      In situ test was also conducted. Invertebrates, EH, Hep and P, were collected at St.3, and used for the field 
experiment. Four locations where velocity was different were selected (Fig.1b), and stone with the invertebrate 
(Fig.1c) was set in a water channel. Observation was also conducted for 90 (s).  
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2.2 Analysis of the site hydrodynamic characteristics 

This study analyzed the data in 2003 (before sediment supply) and 2006 (after sediment supply). As the habitat 
of the invertebrate is in the bed and roughness layer, it is very important to estimate the velocity. The velocity 

Figure 1. Field investigation. (a) site map, (b) and (c) field experiment 
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inside the roughness layer is an exponential (Tanaka et al., 2014) and it is assumed 0 to friction velocity. So this 
study uses the friction velocity as a reference velocity, and terminal falling velocity w0.  

eghiu *  

Where, h is water depth (from water surface to origin (from the top of gravel to the depth of 0.1D84 (0.48 m)), ie 
is the energy slope. When u*/w0 < 1.08 and u*/w0 >1.67, sand moves as bed load and suspended load, 
respectively (Tsubaki, 1973). This study uses these criteria for discussion. 
 

3 RESULTS AND DISCUSSION 

Flume test revealed the threshold velocity of Oy, large invertebrate of P(for not walking) was around 0.30 m/s. 
In situ experiment, washout of P initiated around 0.2 m/s and most of P investigated was washed out when the 
velocity was around 0.33 m/s (Table 1). So the reference threshold velocity of P in this study was defined as 0.33 
m/s. EH was less than 0.13 m/s. Washout of Hep was not observed (larger than 0.33 m/s). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Friction velocity at the site and the threshold velocity are shown in Fig.2. The threshold velocity for washing 
out EH is small, so EH is expected to prefer the sheltering region (i.e. behind boulders/cobbles) for their habitat. 
Compared with EH, the threshold value of P is large and usually is larger than the friction velocity. The 
abundance of P in 2003 increased when the friction velocity was almost smaller than the threshold. After the 
sediment supply in 2006, abundance of P increased from autumn to winter, but decreased after a flood 
disturbance in winter. From the point of the threshold velocity, EH is more easily washed out; but actually the 
abundance of P is more affected by the disturbance than EH. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Location A B C D
Mean velocity [m/s] 0.13 0.6 0.33 0.2

name of invertebrate sample

Hep-1 - - NW -

Hep-2 - - NW -
Hep-3 - - NW -

E without Hep W - - -
P-1 - - W -
P-2 - W W -
P-3 - - W W
P-4 - - W NW

Hep: Heptagenioidea, P: Plecoptera, E: Ephemeroptera
NW: not washed out, W: washed out

Table 1. Threshold velocity for washing out different type invertebrates 

Figure 2. Reference velocity and the invertebrate dynamics in 2003 ((a), (b)), and in 2006((c), (d) 

0

0.2

0.4

0.6

0.8

V
e
lo
ci
ty
 (
m
/s
)

Friction velocity (max)

Friction velocity (min)

P washout velocity

EH washout velocity

(a)

0

400

800

1200

1600

1‐Oct 1‐Nov 1‐Dec 1‐Jan 1‐Feb 1‐Mar 1‐Apr

b
io
m
as
s[
in
d
/0
.7
5
m

2
]

P EH

Hi

(b)

0

0.2

0.4

0.6

0.8

V
e
lo
ci
ty
 (
m
/s
)

Friction velocity (max)

Friction velocity (min)

P washout velocity

EH washout velocity

0

400

800

1200

1600

1‐Oct 1‐Nov 1‐Dec 1‐Jan 1‐Feb 1‐Mar 1‐Apr

b
io
m
as
s[
in
d
/0
.7
5
m

2
]

P EH

Hi

(c)

(d)



The rate of u*/w0 is shown in Fig.3, together with the threshold for bed load and suspended load occurence. As 
there are no data in 2003 and 2006 for bed material in the sheltered region of stone (inside roughness layer), the 
bed material size in the sheltered zone were measured in 2013 for reference. When we use the D50 of the 
deposited material in the shelter zone behind cobbles, and judge from the u*/w0, most of the sand motion could 
be assumed as bed load during the invertebrate growing season from winter to next spring. Even though,  
the velocity does not exceed the threshold value for  
washing out invertebrate, frequency of sand motion  
is larger than the washout of P in the armored layer. 
It could  be  assumed  to  affect  the  dynamics  of  
invertebrate, because invertebrate catastrophic drift 
occurs when the average material of bed moves 
 (Gibbins et al., 2010; Gomi et al., 2010).  

Hershkovitz and Gasith (2013) pointed out  
the importance of recolonization and endurance  
characteristics of invertebrate for coping with  
hydrologic disturbances. After the disturbance, the  
population densities increase and community  
species richness were achieved by re-colonization  
of species migrating from in-stream refuges or  
emigrating from external refuges. The swimming type 
EH washes out or escape from the disturbance but 
it can recolonize easily. Crawling type P can endure  
the roughness layer of the shelter zone, but it washes  
out by the movement of the bed material. The  
recolonization of crawling type is rather slow, so the 
winter flood affected the dynamics. From the different 
effect on each invertebrate, sediment supply changes 
the invertebrate dynamics.  
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Figure 3. Sediment transport mode at the site in (a) 
2003, (b) 2006.


