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Structure and Functions of River Ecosystem 
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Interrelated subsystems             →Ecosystem Structure 

Interactions among subsystems  →Ecosystem Function 



(2)  Ecosystem elements (Landscape units)  

      are connected each other 

      by water/material flux networks 
 

      Ecosystem composes an integrated system by 

     various landscape units connected by water/material flux networks  

      → river system, river basin 
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Functions of River Ecosystem 
 

A→B to provide Habitat for Organisms 

             ↓ 

      Sound Ecosystem (Biodiversity), Food Production 

 

A→C to provide peculiar spaces for elementary processes in 

            Material Cycle (with biophilic elements) 

                                 ↓                                           

      Nutrients→Biological Richness，Water purification 
 

C→B：energy to biological aspect   

B→C：decomposition etc. 
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When the flux passes the 

ecosystem element (landscape 

Units), the flux is changed 

(f) to propagate,  

and ecosystem services are 

accumulated locally. 

Ecosystem Service 
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(3) Hierarchy structure 

       and each scales are connected each other  

         by water/material  flux network 
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(4) River ecosystem is represented by  

      a framework of Flow-Flux and Stock 

It is a key to make a mathematical model to demonstrate  

the mechanism of ecosystem. 
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生態系機能を表現するモデル

流入フラックスに対して，フラックス変化，生態系サービスを評価
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Processes on Sand Bars              ……….Mechanism 
 

Fluvial processes in a stream with vegetation 

      flow with vegetation → morphological process 

                     ↑           ↓ 

       vegetation dynamics (growth and decay) 
 

 
 

Habitat Suitability for many organisms  

         (fish, macro invertebrate, attached algae, …….) 

                                       ↓ 

          Biomass dynamics 

    
 

 

 
 

Peculiar spaces for elementary processes in material cycle 

   capture and release of POM  

      decomposition,…… 

      nitrification, denitrification, …. 

       

life cycle 

food web 

competition 

(A) 

 

(B) 

 

Single species→multiple 

Production of POM 
 

(C) 
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“Landscape” is closely related to ecosystem function 
 
 

 

Ecosystem Management = Landscape Management  ←GIS 



Categorization of landscape 
  ←Ecosystem mechanism 

  ←Practical monitoring and management  ←Survey, Aerial photo 





Relation between landscape unit and ecological function 
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Flow Computation for Specialized Textures 

For surface flow                                        For subsurface flow 

 

Habitat evaluation for various organisms with various life stage 

        Spawning area and nursery for endangered fish  

         Nesting spot and feeding zone of plovers 
 

Potential evaluation for elementary processes in material cycles 

         Nitrification, Denitrification 

          Capture and stock of particulate organic matters 

Textures can be related to “ecological functions” 
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 Subsurface flow is driven by water-stage drop at riffle 
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Flow is analyzed in 2DH 

both for surfaceflow and 

Subsurface flow 



Monitoring: Nitrate ion conc. & d15N 
 

  Nitrification                             &        Denitrification 

  （NH4
+→NO3

-  decrease of d15N）  （NO3
-→N2 Increase of d15N） 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Mixing by vertical seepage during rainfall and/or inundation 

   ←solving deposit with higher NO3
-（decrease of d15N） 

-129850

-129800

-129750

-129700

-129650

-129600

-21300 -21250 -21200 -21150 -21100 -21050 -21000 -20950 -20900 -20850

W08    W07    W06

W05         W04  W03        W02     W01

W05new W04new

W12   W11   W10 W09

Imitational 

Vegetation

Observation Well (Well Number :WOO) 

Water's edge (Water head observation point)

Imitational Vegetation

11km Non -Vegetated Sand Bar

-129850

-129800

-129750

-129700

-129650

-129600

-21300 -21250 -21200 -21150 -21100 -21050 -21000 -20950 -20900 -20850

W08    W07    W06

W05         W04  W03        W02     W01

W05new W04new

W12   W11   W10 W09

Imitational 

Vegetation

Observation Well (Well Number :WOO) 

Water's edge (Water head observation point)

Imitational Vegetation

Observation Well (Well Number :WOO) 

Water's edge (Water head observation point)

Imitational Vegetation

11km Non -Vegetated Sand Bar

Arrangement Of Constructed Well (Total:14pipes)

Studied area
(m)

(m)

Nitrate Conc.

δ
1
5
N

wastewater　inflow

denitrification

nitrification

precipitation inflow

River

Wastewater inflow 

Denitrification

Nitrification

River 

Water

Precipitation

Nitrate Conc.

δ
1
5
N

wastewater　inflow

denitrification

nitrification

precipitation inflow

River

Wastewater inflow 

Denitrification

Nitrification

River 

Water

Precipitation

Wastewater inflow 

Denitrification

Nitrification

River 

Water

Precipitation

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

1 1.2 1.4 1.6 1.8 2 2.2

NO3-N Concentraion (mg/l)

δ
15

N
 (
‰

)

W01

W02

W03

W04

w04new

W05

w05new

W06

W07

W08

W09

W10

W11

W12

river

Nitrate Conc.

δ
15

N

Denitrification

Nitrification

River 

Water

Precipitation

Nitrate Conc.

δ
15

N

Denitrification

Nitrification

River 

Water

Precipitation

Denitrification

Nitrification

River 

Water

Precipitation

Denitrification

Nitrification

River 

Water

Precipitation

Denitrification

Nitrification

River 

Water

Precipitation

(2003/12/16 sample)

In Bare bar 



º

NO3-N(mg/l)

0 - 0.5

0.5 - 1.0

1.0 - 1.5

1.5 - 2.0

2.0 - 

NO3-N(mg/l)

Main channel

Secondary 
channel

0

1

2

3

Apr May Jun Jul Aug Sep Oct Nov Dec

N
O

3
-N

 c
o

n
c
e
n

tr
a
ti

o
n

 (
m

g
/l

)

River MCW03 MCW04 21

25 33 20 28º

NO3-N(mg/l)

0 - 0.5

0.5 - 1.0

1.0 - 1.5

1.5 - 2.0

2.0 - 

NO3-N(mg/l)

Main channel

Secondary 
channel

0

1

2

3

Apr May Jun Jul Aug Sep Oct Nov Dec

N
O

3
-N

 c
o

n
c
e
n

tr
a
ti

o
n

 (
m

g
/l

)

River MCW03 MCW04 21

25 33 20 28

0 100 m50 OW

MCRiver
SCRiver

SCW01

SCW02 MCW01

MCW02

MCW03

MCW04

MCW06

TW

Wand

33

29

28

25

24 21

20

N

□： observation well

■： surface water

0 100 m50 OW

MCRiver
SCRiver

SCW01

SCW02 MCW01

MCW02

MCW03

MCW04

MCW06

TW

Wand

33

29

28

25

24 21

20

N

□： observation well

■： surface water

Vegetated sand bar 

Vegetation area 

0

5

10

15

20

25

0.1 1.0 10.0
NO3-N concentration（mg/l)

δ
1
5
N

（
‰

）

MCW04
25

28

2933

River（ave.）

Rayleigh’s formula: 

 δ15N = eln(NO3-N)+C0 

where e=-6 and C0=13.4.  

Vegetation 

   trap and stock fine material 

   →coating→no seepage (mixing) 

                    in spite of higher stock 



  
Assumption:  

   2D non-pressurized flow 

   Constant porous layer on impervious boundary 

   Dupuit-Forchheimer assumption 

   Depth average flow in porous medium 

 

 
    h:water level of seepage flow， 

              λ:porosity， k:permeability 
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Permeability 0.005 m/s 0.0002 m/s Insitu test 

porosity 0.45 0.45 

Boundary Condition： 

 ・at water edge → river flow surface level 

 ・at bank     → zero gradient of water surface level 
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Subsurface Flow characteristics 

←2D horizontal analysis  
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u，v ：Average velocity of seepage flow 

D    ：Dispersion coefficient 

Ri     ：Reaction terms due to micro-organisms 

Governing Equation of  Materials 

←Convection-Dispersion Equation with Reaction Terms 

Boundary condition： 

 ・At shoreline  →  water quality in a river 

 ・At bankside   → zero transverse gradient of material concentration 
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 有機窒素化合物

NH+
4-N

NO-
2-N

NO-
3-N

N2 

脱アミノ反応（分解）
RDNH4

アンモニア酸化
RNS

亜硝酸酸化
RNB

硝酸還元
RDA

亜硝酸還元（脱窒）
RDI

窒素固定 同化同化

Material Changing Process (Biophilic elements) 
                                             →Focusing on Nitrogen 
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   Organic matters     
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Michaelis-Menten’s reaction term  



Parameters for Biological Reactions: 

 RDNH4 RNS RNB RDA RDI 出典 

X (mg/l) 0.50 0.30 0.10 1.0 3.0 宗宮 9) 

Y (mg.cell/mg)  0.13 0.05 0.60 0.72 楠田 10) 

 (s-1)  5.3 ×10-6 8.3 ×10-6 1.1 ×10-5 2.0 ×10-4 楠田 10) 

KS (mg/l)  1.7 ×10-2 5.0 ×10-4 1.0 ×10-3 5.0 ×10-4 
楠田 10) 

仮定値 

KS･DO (mg/l)  2.0 0.20 0.20 0.20 楠田 10) 

KS･DOC (mg/l)    0.70 9.0 仮定値 

k (l/mg/s) 2.2×10-7     楠田 10) 

 

Potential of subsurface flow in each characteristic space 

 CDON CDOC CDO 

裸地域 0.04 0.75 4.0 

植生域 0.08 1.5 2.0 
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Reference 

Somiya 
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裸地砂州 植生砂州
脱窒量(g/day) 1003 .3 208 .0
脱窒速度(mg/m2/day) 33 .1 18 .3
アンモニア酸化速度

mg/l/s 2.4E-06 2.6E-06
亜硝酸酸化速度

mg/l/s 5.9E-06 6.6E-06
脱窒速度

mg/l/s 3.8E-07 4.6E-07
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CONCLUSIONS 
 

River ecosystem is clarified from the view point of its structure and  

functions. 

   Structure=Interrelating system composed of physical basement,  

                     biological activity and biophilic elements cycle. 

   Functions=interactions：habitat, material cycle 
 

Ecosystem is composed of landscape units connected by  

water/material flux networks.  
 

Landscape units has hierarchy structure: Bar has various textures 

   (vegetation, micro-morphology, substratum,…) 

which are connected by surface and subsurface flows. 

 

Nitrogen transport and changing process are focused on: 

   Denitirification is recognized in vegetated area in particular. 

   ←Monitoring in the field (ion and stable isotope) 
 

Numerical simulation scheme is designed, and the effect of spatial 

distribution of vegetation area on denitrification is discussed. 


