
 1

 

 
 

 
 

1 2 
 

1 819-0395 744  
E-mail: itsukushima@civil.kyushu-u.ac.jp 

2 819-0395 744  
E-mail: sato@civil.kyushu-u.ac.jp 

 

step
cascade step

step step step-pool step- step-pool-
3 step step keystone

step keystone step
 

 

     Key Words: mountainous river, river bed morphology, river-bed gradient, step-pool 
 
 

1.  
 

1)

2)

Colluvial Alluvial Bedrock
7

cascade step-pool, 

3)  

step-pool

4), 5) step-pool

6)

step

keystone 7)

step
keystone step

keystone

keystone
step step

8), 9), 10)  step

step  

1/50 1/10

11), 12) 13)

 

 



 

 2

2.  

(1)

14)

3
-1

 
 
(2)

cascade
step 4 -2

pool

step step step step

Leica DISTO X310  
 
(3)

step
step

step
step keystone step

2
1999 5

15

5

0.7 16)

17)

Comiti et al. 2009
18) 2012

0.20 19)  

(4)
step step

Pearson
step

step
step 5

50m

AIC
  

955.3m

A = 0.11 km2

A = 0.37 km2

A = 0.61 km2

300m
 

-1  
 

(a) (b) cascade

(c) step

(d)

 
-2  

 

Bartlett
Kruskal-Wallis
Steel-Dwass p < 0.05  
 
3.
 
(1)

-3(a) (c)
50m



 

 3

 
step 0.1

0.2

step
0.3

cascade

0.3 0.4 0.4

0.4 cascade

-3(a)  

0.1 0.25 step
cascade

0.1 0.2
0.3

0.3
-3(b)  

2
0.25 0.3

step
0.4 30% step

-3(c)  
 
(2)

-4 3 step step
keystone
step step

step
step

step 76 %
keystone step step

150 cm step
150 cm step

 
step

-1 step

step

keystone step

step
 

 

0.0

0.2

0.4

0.6

0.8

1.0

0.1 0.2 0.3 0.4 0.5 0.6

cascade

step

 
-3(a)  

 

0

0.2

0.4

0.6

0.8

1

0.1 0.2 0.3 0.4 0.5

cascade

step

 

-3(b)  
 

0

0.2

0.4

0.6

0.8

1

0.1 0.2 0.3 0.4 0.5

cascade

step

 
-3(c)  



 

 4

(3)
step

step- pool
step-pool pool
step-pool- 3

step step
H/L

3 step
H/L -

5 step-pool- 0.3
0.1 0.2 H/L

3 0.4
step- step-pool-

step-pool 0.3
step-pool- H/L 0.4

0.8  
 

4.
 
(1)  

3

cascade step
cascade step

-3(a) (c)  
boxplot

-6 Kruskal-Wallis
p < 0.01 cascade

0.53
26.7°20)

33.5°21) cascade

Montgomery and Buffington 1997 cascade
0.20 3)

cascade
 

0.03 0.065 3) 0.02
22)

0.02 23) 0.025 24) 0.04 0.0525)

step-pool 0.15 0.25  

0

20

40

60

80

100

120

140

160

180

200

0 50 100 150 200 250 300 350 400

st
ep

step (cm)

keystone

r = 0.68
0.76

r = 0.34
0.22

 
-4 step step  

 
-1 step  

step 0.21 * 0.32 ***
0.44 ***

0.15
0.33 ***

R2 0.32 0.23
F 31.79 *** 12.57 ***
*  p < 0.05, **  p < 0.01, ***  p < 0.001

( ) (keystone )

 
 

0

0.2

0.4

0.6

0.8

1

1.2

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

H
/L

step-pool

step-

step-pool-

 

-5 step H/L  

 
0.5

step-pool

step-pool
 

step 3 step-
step-pool step-pool-

Steel-Dwass



 

 5

step-pool-
2 p 

< 0.05 step step H/L
step
step-pool H/L

step-
step step

step step step
pool

3
H/L

step-pool pool
step-

3 step
 

 
(2)  

step step
keystone step step

keystone -4
step

keystone

keystone step

step
step

5
step keystone
step

step
step

 
step step
step 50% 1 1.5 8) 90% 2
9) 0.8 10)

step
step

step-pool
 

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

cascade step- step-pool step-pool-

-6  
 

 
step-pool

keystone

keystone step

keystone step

step  
 
5.
 

cascade step  

0.02 0.05
step-pool 0.15 0.25 0.5

step-pool  
step-pool step- step-

pool- 3 step step
H/L  

step step
keystone step

keystone
  

step

 



6

1)
88-A-8 1-22 1988

2)

Vol.2 pp.113-123 1999
3) Montgomery, D. R. and Buffington, J. M.: Channel-reach 

morphology in mountain drainage, Geological Society of 
America Bulletin, Vol.109, pp.596-611, 1997. 

4)

Vol.40 pp.893-900 1996
5)

F Vol.66 490-503 2010
6) Chin, A. and Wohl, E.: Toward a theory for step pools in 

stream channels, Progress in Physical Geography, Vol. 
29, pp.275-296, 2005. 

7)
step-pool

Vol.19 pp.165-180 2017
8) Chartrand, S. M. and Whiting, P. J.: Alluvial architecture 

in headwater streams with special emphasis on step-pool 
topography. Earth Surface Processes and Landforms,
Vol.25, pp.583-600, 2000. 

9) Billi, P., D’Agostino, V., Lenzi M. A. and Marchi, L.: 
Bedload, slope and channel processes in a high-altitude 
torrent, Water Resources Publications, pp.15-38, 1998. 

10)  
Vol.27 B-

2 pp.341-353 1984
11)

Vol.55 pp.50-55 2002
12)

Vol.52 pp.248-

255 2012
13)

Vol.47 pp.739-744 2003
14)

Vol.18 pp.35-45 2015
15)

Vol.43 pp.725-
730 1999

16) Rziha
Kraven 42-1

pp.25-27 1957.
17)

Vol.41 pp.1-21 1956
18) Comiti, F., Mao, L., Lenzi, M. A. and Siligardi, M.: Artificial steps to 

stabilize mountain rivers: A post-project ecological assessment, River 
Research and Applications, Vol.25, pp.639-659, 2009. 

19)

Vol.65 pp.62-68 2012
20) 

Vol.22 pp.3-9 1956
21)

Vol.100 pp.9-14
1963

22) Grant, G. E., Swanson, F. J. and Wolman, M. G.: Pattern 
and origin of stepped-bed morphology in high-gradient 
streams, western Cascades, Oregon, Geological Society of 
America Bulletin, Vol.102, pp.340-352, 1990.  

23) 
step-pool

Vol.61 pp.67-93 2008
24) 

Vol.17 pp.131-136 2011
25) 

Vol.1 pp.53-63 1997

2018.5.31

APPEARANCE CHARACTERISTICS OF RIVER BED CONFIGURATION AND 
CONTROLLING FACTORS OF STEP-POOL STRUCTURE IN A GRANITIC 

HEADWATER CATCHMENT 

Rei ITSUKUSHIMA and Tatsuro SATO 

The objective of this work was to investigate the relation between river-bed gradient and river bed con-
figuration in a granitic headwater catchment. Further, we investigated the relationship between the step 
structure and controlling factors such as river course characteristics or slope angle of river bank. As a re-
sult of field survey, the transition of river bed configuration (transition of waterfall, cascade, step, and rif-
fle from the upstream to the downstream) according to the river bed gradient was observed. The relation 
between the step height and maximum diameter of the step construction gravel was different between the 
antidune type and keystone type. In case of antidune type, maximum diameter of the step construction 
gravel was positively related with friction velocity. Whereas, maximum diameter of the step construction 
gravel of keystone type increased with the increment of river-bed gradient and step width. 


