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Historical changes of watershed hydrology and sedimentation
on riparian environment associated with anthropogenic activities
in Hokkaido, northern Japan
Akiko Nacasakal
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Fig.l The location of the study river basin.
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Table 1 Hydorological classification of landscape elements (Nagasaka & Nakamura 1999)

Landscape Site characteristics ) ) . )
Function Functional estimation
element Geology Geomorphology
mountains multiply areas of respective
Pleistocene diluvial upland landuse by the following
Water (Tertiary sedimentary allvial plain infiltrate water for infiltration capacityl
retention rocks) (including all areas of recharge woodland : 2582mm / hour
Serpentinite river basin except for meadows : 1430mm / hour
the channels) rangeland : 107.3mm / hour
. . . . . inundate storm measure the area of floodplain
Inundation allvial soil alluvial plain . -
water without levee construction
. convey runoff flow divide annual maximum discharge
Conveyance — perennial channels

toward downstream by coresponding rainfall

O derived from Murai & lwasaki (1975)
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The structure of the rainfall-runoff model for
the two periods. The 1970-1974 model and the
1984-1993 model were built on the basis of 3
and 14 flooding records, respectively
(Nagasaka & Nakamura 1999).
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Historical changes of the vegetation cover in the watershed(Nagasaka & Nakamura 1999).
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Temporal changes in hydrology. Water
retention (top) and inundation(middle) are
expressed as a ratio to 1900(Nagasaka &
Nakamura 1999).
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The comparison of the functional balance
of the Toikanbetsu river basin between
pre-settlement(dotted line) and present
(solid line)( Nagasaka & Nakamura 1999).
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Fig.7 Graphs A and B were generated by inputting precipitation data observed in August 1989
into the 1970-1974 model and precipitation data from October 1970 into the 1984-1993,
respectively.
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A . Hatched area shows the study basin, the Ohonai river.

B : The map of the Ohonai river basin.

C : The location of the research sites.
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Fig.1ll Represention of the variables used for Principle Component Analysis.
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Fig.1l2 Sediment routing system at site- and tributary-scales associated with agricultural land use.
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Fig.1l3 Representative columnar sections of topsoil layers on
the 1st order catchment(A) and 2nd order catchment(B).
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Table 2 Sediment accumulation and the number of
sediment layer during the past 330 years

Geomorphologial Sediment

Profile classification of accumulation Nurlr;b%rr of
study site depth (cm) Y
0 order colluvial
deposits 35.6 1.2
1st order valley
UtS-b Presence landslides 70.6 2.0
(0]
Us-1977 1st order valley
Absence landslides 40.5 1.7
2nd order valley 64.0 2.0
0 order colluvial
deposits 4.1 0.2
Us-1977 1st order valley
to Presence landslides 40.7 1.3
ground 15t order valley
surface Absence landslides 2.5 0.2
2nd order valley 23.9 0.9
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Table 3 Sediment accumulation rate and the frequency of
sedimentation during the past 330 years

Geomorphologial Sediment

. el : Frequency
Periods classification of accumulation
study site rate(cm/year) (/10years)
0 order colluvial
deposits 0.11 0.04
1st order valley
1f63 Presence landslides 0.21 0.06
0]
1977 1st order valley
Absence landslides 0.12 0.05
2nd order valley 0.19 0.06
0 order colluvial
deposits 0.20 0.10
1st order valley
1977 to Presence landslides 1.94 0.60
present  1st order valley
Absence landslides 0.12 0.10
2nd order valley 1.14 0.41
(1 o R
£
X 20 -
E -
% 15 /
=
= 1
-
E
= 5-
L
=
= 1945 1955 1965 1975 1085 19495
Year
0—14 O00000O000000000000000o
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Fig.14

Temporal changes in area of the landslides scars in

association with gully expansion in the Ohonai river

basin.
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Table 4 Geomorphological characteristics of landslides caused by gully expansion.
Data are means and SDs (in parentheses).

Years obtained from aerial photograph

Variables
1947 1967 1977 1985 1996
Catchment areal] hall 2.2011.590 1.7211.530 1.5010.930 0.901 0.620 0.9511.020
Length of farmland0 mO  195.@91.40  162.877.20  184.2175.90  132.@62.80  132.870.40
Slope of farmlandd OO 6.3613.900  10.685.180  10.2415.930  10.78 7.630 6.981 3.890
Direction 1-50 3.1411.460 3.0811.3900 2.7611.480 3.3 1.430 3.8811.2200
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Table 5 Variables that had significant correlations
of the first two axes of the Principle Component Analysis

Variable Axis 1 AXis 2
Direction 0.046 -0.8700
Catchment area 0.9060 0.207
Length of farmland 0.928[ 0.158
Slope of farmland -0.517 0.570
Opdo0.05
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Fig.15 Principle component ordination of landslides caused by gully expansion. Each symbol indicate
the landslide delineated in each year by aerial-photograph interpretation.
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Fig.16 Influences of anthropogenic activities on watershed function and the elements of riparian
ecosystem(Nagasaka 1999b modified).
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Fig.18 Temporal changes in the patch indices of the riparian forests(Nagasaka & Nakamura 1999).
The number and area of forest patches were evaluated using aerial-photographs.
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The dry weight proportion of the sediment in each
particle size class collected by the sediment/substrate
sampler (Nagasaka et al. 2000b).
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Physical- and biological characteristics of the Forested and
Agricultural catchments measured in November, 1998.

Data are means and SDs (in parentheses).n, number of
sampling sites within each catchment;

DW, dry weight; AFDW, ash-free dry weight (Nagasaka et al.
2000b).

Forested Agricultural
Habitat
characteristics n 12 n 12
Mean(SD) Mean(SD)
Water depth (cm) 17.83 04.30 12.17 02.720

Mean

DW gravel (g)

DW coarse sand (Qg)
DW fine sand (g)
AFDW CPOM (g)
AFDW FPOM (g)

46.150 11.590
513.941 315.440
294.28] 151.910
328.3900 92.790

1.58 01.040
0.52 00.170

Velocity (cm/sec)

53.360 15.110
428.961 176.130
149.200 76.290
670.87 100.930

1.40 01.140
0.29 00.260
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Table 7 Summary of CCA eigenvalues, cumulative percent variance explained
on all canonical axes and siginificance of all canonical axes
(Nagasaka et al. 2000b).

AXxes 1 2 3 4
Eigenvalues 0.103 0.023 0.009 0.006
Species-environment correlations 0.926 0.907 0.660 0.589
Cumulative percent varience
Species data 37.0 45.2 48.5 50.7
Species-environment relation 68.8 84.0 90.2 94.3
F-ratio p-value
Sifnificance of all canonical axes 2.659 0.005
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Table 8 Within-axis correlations of environmental
Doooo.ez7uouoocpoMubnonom variables with the first two canonical

godooboooooooooobdo—0Oa axes (Nagasaka et al. 2000b).

godoobdoouooooooooooobd— Variable Axis 1 AXis 2
00ooooooooooooooooo0nd water depth -0.5372 0.0536
oo0o0ooooooooooo0oooodddn Mean Velocity 0.2563 0.2366
dodoodooooooooonooiocPOMO FPOM  Gravel -0.1614 -0.7262
0do0ddoooooooooooobobobioibol  coarse sand -0.4782 -0.6664
0odooboooooooooooboooddnd  Fine sand 0.9276 -0.1834
godoobooooooooooooooood cpom -0.4704 0.8176
ddddooooooooooooo230@Moon0  FrPoMm -0.0941 0.4270
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CCA biplot of sample sites(A) and species biplot(B) surveyed in November, 1998 Arrows refer
to the direction and relative influences of environmental variables in the ordination. The
numbers next to the symbols indicate each sample site (Nagasaka et al. 2000b).
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Summary

Holistic watershed management scheme has been needed not only for natural disaster
prevention but for ecosystem conservation, because of degradation of river's physical and
biological characteristics due to extensive land use and flood prevention works. Temporal
changes in hydrological and geomorphological systems were examined with reference to land
use conversion and connections between these physical systems and riparian ecosystems in
two watersheds, the Toikanbetsu river basin and the Nukibetsu river basin, where lands
have been developed for agriculture.

The results form the case study in the Toikanbetsu river basin show that the hydrological
system has been altered since the 1970s, increasing flood peaks by 1525 times and shortening
peak appearance by 7 hours. Riparian forests have been disappearing since the 1960s due
to extensive development of agricultural lands and river channelization. The summer maximum
stream temperature increased from 220 in 1947 to 2800 at present. The amount of coarse
woody debris (CWD) should substantially decrease with river channelization and in associated
forest cutting. Fish favoring cool water, such as masu salmon, could survive in 1947 although
they are forced to migrate to cooler forested upstream tributaries now.

In the Nukibetsu river basin, the concentration of suspended sediments was consistently
higher in cultivated catchments, where gully expansion causes 2-3 times more landslides
than occur in forested catchments. The sediment from gullies contributed about 34% of
the total sediment in the cultivated catchment. There has been increasing erosion and
sedimentation on the valley floor over the past 20 years, both because of the expansion of
land under cultivation and the mechanization of agriculture since the 1960's has reduced
the infiltration capacity of cropland, making it easier for erosion to occur when it rains.
Most of the finer sediment is transported to the sea, where it affects coastal ecosystems,
while the coarser sediment, such as sand, remains in the stream and fills the spaces among
the gravel on the streambed. This eliminates habitat suitable for fish and invertebrates;
the density of macro-invertebrates in cultivated catchments is only 10-20% of that in the
forested catchments.

In conclusion, the ecological systems were closely related to and distinctly altered by land
use since the 1970s. Effective stream restoration will require not only by construction
measures but the regulation of land use activities. Riparian ecosystems can be restored by
restoring water retention and inundation functions, which also reduce the flood peaks, soil

erosion, and gully expansion.

Key words: watershed conservation, agricultural development, channelization, gully,

soil erosion, riparian ecosystems.





