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Abstract; Fragmentation of lotic habitat by a drought is assumed to intercept the longitudinal movement 

of organisms and alter the community structure of them. In this study, we compared the community structure 
of freshwater animals between upstream and downstream of intermittent reach caused by human activities, in 
order to reveal the impacts of drought on spatial distribution of stream fish and invertebrates. We also aimed 
to describe fauna established in intermittent reaches of Shigenobu River. Obvious influence of droughts was 
not observed for the community structure of fish and invertebrates. In contrast, spatial distribution of some 
dominant invertebrate taxa was seemed to be altered by droughts. However, there remains a possibility that 
effects of physicochemical habitat condition were more important than influence of a drought on 
invertebrates. 
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Fig. 1 Location of the study area. White circles are study sites, black 
triangle indicates Deai gauging station. 

Table 1 Description of study sites in fish distribution study (mean ± 1 SE). 
Abbrev. Location Elevation Catchment Water Slope of water Width Area Current velocity Depth Discharge 

(m) area (km2) Temp. (°C)  surface (%) (m) (m2)  (m s-1) (cm) (m3 s-1)
UP 29 271.7 1.507 ± 0.662

Riffle N33°47'05" 18.8 ± 0.6 1.32 ± 0.41 7.0 ± 0.6 144.8 ± 27.1 30.4 ± 2.4 20.2 ± 1.5
E132°47'25"

Pool N33°47'06" 18.9 ± 1.7 -0.11 ± 0.17 15.5 ± 1.4 425.4 ± 57.5 5.3 ± 1.5 56.8 ± 5.6
E132°47'23"

DOWN 8 305.0 1.714 ± 0.831
Riffle N33°48'18" 21.9 ± 0.7 0.74 ± 0.20 6.1 ± 0.7 127.5 ± 21.2 27.1 ± 3.5 16.1 ± 3.1

E132°44'21"
Pool N33°48'18" 22.0 ± 2.7 0.05 ± 0.20 15.2 ± 2.0 625.8 ± 160.0 4.7 ± 3.0 65.2 ± 5.1

E132°44'27"

Upstream

Downstream

Site

EC DO pH NO3-N NO2-N NH4-N PO4-P
(mS cm-1) (mg l-1) (mg l-1) (mg l-1) (mg l-1) (mg l-1)

1.653 ± 0.231 0.009 ± 0.005 0.011 ± 0.005 0.049 ± 0.012
Riffle 0.228 ± 0.028 10.15 ± 0.49 7.4 ± 0.2

Pool 0.228 ± 0.018 9.46 ± 0.81 7.1 ± 0.1

1.669 ± 0.078 0.012 ± 0.007 0.007 ± 0.002 0.051 ± 0.004
Riffle 0.218 ± 0.007 9.40 ± 0.80 7.6 ± 0.2

Pool 0.203 ± 0.009 8.92 ± 1.81 7.8 ± 0.3

Upstream

Downstream

Site

Abbrev. Location Elevation Catchment Water Slope of water Width Area Current velocity Depth Discharge 
(m) area (km2) Temp. (°C)  surface (%) (m) (m2)  (m s-1) (cm) (m3 s-1)

UP 29 271.7 1.507 ± 0.662
Riffle N33°47'05" 18.8 ± 0.6 1.32 ± 0.41 7.0 ± 0.6 144.8 ± 27.1 30.4 ± 2.4 20.2 ± 1.5

E132°47'25"
Pool N33°47'06" 18.9 ± 1.7 -0.11 ± 0.17 15.5 ± 1.4 425.4 ± 57.5 5.3 ± 1.5 56.8 ± 5.6

E132°47'23"
DOWN 8 305.0 1.714 ± 0.831

Riffle N33°48'18" 21.9 ± 0.7 0.74 ± 0.20 6.1 ± 0.7 127.5 ± 21.2 27.1 ± 3.5 16.1 ± 3.1
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1.653 ± 0.231 0.009 ± 0.005 0.011 ± 0.005 0.049 ± 0.012
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Table 2 Description of study sites in invertebrate distribution study (mean ± 1 SE). 
Abbrev. Location Elevation Catchment Water Slope of water Discharge EC DO pH NO3-N NO2-N NH4-N PO4-P

(m) area (km2) Temp. (°C)  surface (%) (m3 s-1) (mS cm-1) (mg l-1) (mg l-1) (mg l-1) (mg l-1) (mg l-1)
UP 29 271.7

Riffle N33°47'20" 21.0 ± 2.0 0.15 ± 0.10 2.324 ± 1.013 0.233 ± 0.016 11.64 ± 2.13 8.0 ± 0.6 1.776 ± 0.076 0.011 ± 0.003 0.012 ± 0.007 0.059 ± 0.007
E132°46'57"

Pool N33°47'20" 21.1 ± 2.2 0.07 ± 0.03 2.221 ± 1.045 0.237 ± 0.017 10.84 ± 1.37 7.9 ± 0.5 1.762 ± 0.069 0.027 ± 0.014 0.015 ± 0.007 0.061 ± 0.008
E132°46'59"

DOWN 8 305.0
Riffle N33°48'21" 20.4 ± 2.2 0.26 ± 0.31 2.861 ± 1.744 0.218 ± 0.011 9.12 ± 0.50 7.5 ± 0.2 1.795 ± 0.054 0.037 ± 0.034 0.009 ± 0.004 0.049 ± 0.004

E132°44'11"
Pool N33°48'20" 21.9 ± 2.0 -0.02 ± 0.05 2.812 ± 1.758 0.212 ± 0.011 8.23 ± 0.80 7.4 ± 0.2 1.748 ± 0.084 0.007 ± 0.003 0.012 ± 0.004 0.045 ± 0.005
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Fig. 2 Change in water level at Deai gauging station. Arrows indicate 

sampling dates of fish and invertebrate distribution study. Droughts 
occur when water level is below 1.22 m. 



137

cm

 

2  
N m-2

3

 
 

2.3
1  

2005 5 23 29 8 19 11 18 19 2006 5 14 15
8 22 11 9 15-40 m 2005

5 3
 25 cm × 25 cm 1 m 0.5 mm

[26] 2006 4
2 2005 60
5%  

1 24 mm
[27]

3 cm 
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2  
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Fig. 3 Changes in fish density at upstream site (UP) and 
downstream site (DOWN) of intermittent reach. 
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Table 3 Fish captured in this study. Asterisks indicate diadromous fish species. 
Species

UP DOWN UP DOWN UP DOWN UP DOWN UP DOWN UP DOWN UP DOWN

Anguilla japonica * 16 9 35 1 7 1 7 3 4 11 21 9 2 3

Plecoglossus altivelis * 31 26 11 3 2 4 5

Zacco temminckii 74 14 48 2 3 2 13 1 1 2 1
Zacco platypus 530 539 1225 384 640 251 116 78 146 58 917 1116 274 145
Phoxinus oxycephalus 1 1 5 7 4 3 1 1
Pseudorasbora parva 1 6
Pseudogobio esocinus 18 2 45 9 49 14 6 5 1 12 6 1
Cyprinus carpio 4 1 6 2 9 3 7 9 1 1 2
Carassius buergeri 1
Carassius cuvieri 2 1
Carassius  sp. 14 13 14 35 9 9 6 7 2
Tanakia lanceolata 2

Cobitis biwae 9 20 33 1 18 1 12 4 34 14 5 7
Cobitis takatsuensis 5 17 1 4 1 2 76 4 10 54

Silurus asotus 2 2 4 2 3 2 1 5

Micropterus salmoides 1
Lepomis macrochirus 10 2 40 18 8 3 3 3

Eleotris oxycephala 1 1 3 2

Odontobutis obscura 1 7 1 1 1

Rhinogobius sp. CB* 852 482 756 535 344 130 125 46 388 174 508 961 1986 495
Rhinogobius sp. LD* 1 11 72 9 28 44
Rhinogobius  sp. OR* 1 1 2 1
Rhinogobius flumineus 3 2 1 2
Tridentiger brevispinis* 57 13 12 32 18 4 21 5 10 37 126 71 24 70

Feb
2007

Gobiidae

Siluridae

Centrarchidae

Electridae

Odontobutidae

Anguillidae
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Cyprinidae

Cobitidae
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Fig. 5 Relationships of density, taxon richness and evenness of invertebrate with habitat environment. Coefficient of 
determination (R2) and P values were shown. Regression lines are presented when significant: P < 0.05. 

 

Table 4 Effects of study periods and location of study sites on 
density, taxa richness and evenness of invertebrate.  

F 5 ,29 P F 1,29 P F 5,29 P

Density (N m-2) 4.44 0.008** 2.15 0.160 4.13 0.011*
Taxa richness 1.97 0.132 0.42 0.525 1.70 0.185
Evenness 8.05 < 0.001*** 0.80 0.011* 17.65 < 0.001***

Density (N m-2) 5.52 0.003** 0.28 0.601 0.10 0.462
Taxa richness 7.77 < 0.001*** 2.61 0.123 2.93 0.042*
Evenness 3.78 0.016* 0.23 0.639 4.19 0.011*

Period × Site
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Pool

Period Site

 
(*P < 0.05 **P < 0.01 ***P < 0.001) 
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Fig. 4 Changes in density, taxa richness and evenness of 

invertebrate by periods and sites (mean ± 1 SE). 
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Table 5 Effects of study periods and location of study sites on 
density of dominant invertebrate taxa.  

Taxon

F 5 ,29 P F 1,29 P F 5,29 P

Orthocladiinae spp. 5.64 0.003** 0.37 0.548 1.48 0.246
Chironominae spp. 2.83 0.047* 7.78 0.012* 1.52 0.232
Oligochaeta spp. 13.91 < 0.001*** 8.04 0.011* 0.48 0.784
Cheumatopsyche spp. 8.62 < 0.001*** 0.21 0.65 2.47 0.071
Asellus hilgendorfii 3.28 0.028* 0.75 0.398 4.87 0.005**
Baetis sahoensis 2.02 0.124 0.43 0.519 1.30 0.308

Orthocladiinae spp. 24.14 < 0.001*** 18.02 < 0.001*** 5.03 0.005**
Chironominae spp. 6.26 0.002** 3.10 0.095 2.73 0.053
Oligochaeta spp. 8.15 < 0.001*** 0.07 0.791 2.41 0.077
Cheumatopsyche spp. 3.32 0.027* 2.13 0.162 5.46 0.003**
Asellus hilgendorfii 1.37 0.283 1.37 0.258 3.92 0.014*
Baetis sahoensis 4.37 0.009** 9.00 0.008** 2.30 0.088

Period × Site

Riffle

Pool

Period Site

(*P < 0.05 **P < 0.01 ***P < 0.001) 
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Fig. 6 Changes in density of dominant invertebrate taxa by study periods and location of study sites (mean ± 1 SE). 
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