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Abstract: The present research investigated the relationship between nitrate-nitrogen

(NOs-N) in river water and the land use/land cover (hereafter land use) in Teshio river

watershed located in northern Hokkaido island to understand the effect of human

activities such as agriculture, forestry, industry and urbanization in the drainage basin

on the river ecosystem quality and services. River water was sampled at nine points

seasonally during a two-year period and nutrients concentration was measured. Land

use profiles were estimated at two spatial scales-riparian and sub-catchment for each

sampling station. The spatial pattern of water quality in the Teshio River showed

increased NOs-N levels associated with the agriculture and urban expansion, and

forest reduction in the watershed. Land use at the riparian scale closely reflected that

at the sub-catchment scale, which masked the unique riparian buffer effect on the

river water condition. The high agricultural and reduced forest area in the riparian
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zone, especially in the upper middle reach, could be a possible reason for the decline

of ecosystem service for provisioning of clean water and habitat for aquatic organisms.

Measures towards sustainable and more nature-friendly agricultural management are

necessary in the area to protect the Teshio river ecosystem and its ecosystem services.
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Introduction:

These days, the ecosystem services framework is gaining popularity among scientists studying

natural systems, and its principles are widely recognized as a big step on the road to

sustainability. Ecosystem services are the environmental processes from which humans benefit

and can be generally separated into the following categories: provisioning, regulating,

supporting and cultural (Millenium Ecosystem Assessment, 2003). Some examples of these

services are: provisioning clean air and water, moderating weather extremes, pollinating crops

and natural vegetation, controlling pests and other disease-carrying organisms, maintaining



biodiversity. Often it is assumed that these life-supporting ecosystem services are granted and

everlasting. However, wide spread anthropogenic activities like agriculture, urbanization,

industry, and deforestation have already negatively impacted the functioning of diverse

ecosystems world-wide, and thus are corrupting the services they provide along with the

human benefits associated.

Like all ecosystems, rivers and streams provide bundled ecosystem services such as

purifying water, maintaining cycling of nutrients, providing habitat for the aquatic organisms,

pollution dilution, flood control, food provision, sediment transport and recreation. At the

same time running water has been most frequently a subject to human exploitation and

alteration. Rivers are open ecosystems, which depend unequally on their surrounding

terrestrial landscape. That is why, the river ecosystem condition can be dramatically affected

by land use changes and its consequent decline leads to a decline in the services it provides.

This is the reason why it is essential to re-consider the actual value of the ecosystem services

and consciously look after and maintain them, so that both human benefits and nature

systems health can be sustained. Understanding the dynamics of ecological processes

associated with ecosystem services is essential in helping the decision makers move towards

management solutions in a more practical and sustainable way.



Anthropogenic activities most often altering the rivers are connected with release of

polluted water, channelization, water extraction and construction of impoundments. Pollution

can have point and non-point (diffuse) sources. Problems caused by the former one can be

easily solved with the building of adequate waste water treatment plants. However, the

struggle with the diffuse source pollution is difficult and focused on land and run-off

management practices (Campbell et al., 2004) and it remains a major environmental topic in

most developing and developed countries.

Agricultural runoff is one of the major sources of pollutants to the aquatic habitats (Allan,

1995). Agricultural areas are usually characterized with elevated concentrations of aquatic

nutrients and sediments(Bellos et al., 2004; Johnson et al., 1997; Osborne and Wiley, 1988),

increased soil and river bank erosion, as well as disconnection and reduction in riparian forests

within the drainage area(Stauffer et al., 2000), which all lead to a decline in the water quality.

Although NOs-N in the natural waters is the most abundant nitrogen species and usually has

low concentrations (Basnyat et al., 2000), agricultural activities, which are often related to

excess fertilizer application lead to increased levels of this nutrient in-stream (Basnyat et al.,

2000; Bellos et al., 2004; Herlihy et al., 1998; Johnson et al., 1997). In rural areas like this study

site, the Teshio river basin, agricultural land use can be of a great importance to the aquatic



ecosystems condition. Nakamura and Yamada (2005) already have reported that one of the

main sources of water pollution in Hokkaido are cattle manure and pasture fertilization.

Nutrient export to running waters is conditional on landscape features like hydrology,

climate, underlying bedrock, topography, soil type and land management practices. However,

within the annual natural cycle, the land use within the catchment is of the greatest

significance when considering diffuse source pollution effect (Worrall and Burt, 1999).

The fast development of the Geographic Information System (GIS) and the ready

availability of land use data favored their incorporation into a large number of environmental

studies; predominantly studies investigating the relationship between land use and water

quality (Allan et al., 1997; Basnyat et al., 2000; Herlihy et al., 1998; Maillard, 2007; Pan et al.,

2004; Rodriguez et al., 2007; Wang and Yin, 1997; Williams et al., 2005). Landscape indicators

at the scale of the local riparian zone, as well as the scale of the entire catchment have been

proven to be useful predictors of water chemistry variables (Ahearn et al., 2005; Johnson et al.,

1997; Osborne and Wiley, 1988; Strayer et al., 2003; Williams et al., 2005). The ecological

stream variables are controlled by diverse processes operating at different spatial and

temporal scales, and thus could be expected to have different reaction depending on the

landscape factors™ scales. Each water quality factor can have a distinct pattern with respect to



distance from water course (Maillard, 2007). Land use throughout the entire catchment rules

stream hydrology, and it has a strong impact on the nutrients in river water. On the contrary,

while emphasizing the disproportionately large role of the riparian zone for the stream

conditions some authors maintain that when examining water quality-watershed

characteristics relationship only near stream land use should be considered (Osborne and

Wiley, 1988). In accordance with this statement, often in studies investigating the response of

the aquatic biota (fish populations, macroinvertebrates integrity etc.) or in-stream habitat

condition, the land use in the local riparian zone was the leading factor (Inoue et al., 1997; Pan

et al., 2004; Stauffer et al., 2000). However, when investigating water chemistry and

particularly nutrients, the watershed scale seems to be more appropriate (Williams et al.,

2005). Several researchers reported the almost equal ability of both- riparian and entire sub-

catchment scales to predict nitrate-flux, while the local reach area (riparian buffer zone limited

from hundred meter to several kilometers upstream a study point) were poor predictors (Dow

et al., 2006; Dow and Zampella, 2000). Based on these grounds, we investigated the land use

at two spatial scales: riparian and sub-catchment.

There are now few world rivers which remain unregulated by various water works along

their water course. Dams affect the river condition for some distance downstream, and



convert the naturally free-flowing running water ecosystem into discontinuous segments,

which disturbs the populations of all aquatic organisms, especially migratory fish (i.e. affecting

the local biodiversity) (Allan, 1995).

The object of the present study was to examine the relationship between the stream

nutrient concentrations (particularly NOs-N) and the land use in the Teshio River basin by

comparing the spatial pattern of aquatic chemistry and land-use at two different spatial scales

(riparian and sub-catchment). For this rural watershed we expected that the agricultural

activities would produce a detectable variation in nutrient concentrations in an otherwise

homogenous landscape.

Materials and methods:

Study area

The Teshio river system drains an area of 5,590 km? in the northern part of Hokkaido Island,

Japan (Fig. 1). It is the fourth longest river in Japan (256 km) and has an average discharge of

176 m*/s. The Teshio basin is one of the least densely populated (17.7 no/km?) in the country

and its river water quality is very high among the major Japanese rivers (data: Ministry of Land,

Infrastructure and Transport of Japan, 2003

http//:www.mlit.go.jp/river/jiten/nihon_kawa/index.html cited by Yoshimura et al., 2005)
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The majority of previous studies on large rivers have focused on polluted river ecosystems;

nevertheless studies in less affected rivers such as the Teshio River can be important for future

sustainability-oriented management decisions and thus contribute towards conservation of

the river ecosystem services. The river takes its source from the Mt Teshio (1,558 m a.s.l.) and

starts flowing through a steep mountainous relief. The middle reach drains mountain forests

as well as some even areas, where agriculture has been developed (Kenbuchi area, Shibetsu

area, Nayoro area). The lower reach runs through a wide valley with pasture and agricultural

land and finally mouths into the Sea of Japan.

The climate in the area is cool and relatively humid with an annual average temperature of

5.2 °C and the amount of precipitation at around 1,100 mm (>30 % snow)(measured at Bifuka

station (part of the Automated Meteorological Data Acquisition System) as representative of

the study  region (1979-2000); (data:  Japan Meteorological ~ Agency,

http://www.data.jma.go.jp) . The driest period of the year is the summer. Hokkaido rivers

which flow into the Sea of Japan have annual flow regimes that can be characterized by one

main flow peak in the spring during the snow-melt, and a second smaller peak which may

occur between late summer to early autumn (Sakaguchi, 1986). The dominant soil types in the

whole Teshio watershed are Dystric Cambisols with Haplic Podzol patches followed by



Eutric/Dystric Fluvisols close to the water course. In the upper middle reach there is a wide

spread area with Eutric/Dystric Fluvisols, Dystric Gleysols and Haplic Alisols. Eutric/Dystric

Fluvisols can be seen in the lower reach as well, together with Fibric Histosols (The group of

Japanese Pedologists 1990).

The vegetation in the region is geobotanically regarded as a mixed forest, changing from a

deciduous forest of the cool temperate zone to an evergreen coniferous forest of the boreal

zone. The dominating species are Abies sachalinensis, Picea jezoensis, Quercus crispla, Acer

mono, Tilia japonica, Betula sp. and Sasa sp.. In the serpentine area of the mountainous region

Picea ghlenii is dominating (Nakata and Kojima, 1987).

The Teshio river system provides a habitat for three species of salmon: masu

(Oncorhynchus masou masou), pink (0. gorbuscha) and chum salmon (0. keta). As with most

rivers in Japan, a viable fish population can only be sustained if large numbers of young fish are

introduced every year (Yoshimura et al., 2005). The salmon populations are declining in the

rivers of northern Hokkaido. Inoue et al (1997) investigated the relationship between the

abundance of juvenile masu salmon and the stream habitat condition in two tributaries of the

Teshio river network. The two limiting factors — high water temperature and cover availability-

were strongly associated with the presence of riparian forest, highlighting its importance for



the salmon population. Masu salmon spawn in headwater tributaries and this makes them

highly dependent on the river habitat, and in this way very sensitive to any human-induced

disturbances in the catchment. Inoue et al (1997) concluded that the elimination of riparian

forests in northern Hokkaido is expected to negatively affect residual masu salmon populations

to a large extend.

In 1970 Iwaonai dam was constructed in the upper reach of the Teshio River. It drains an

area of 331 km? and has an effective capacity of 96,300 x10> m>. It is a multipurpose dam that

serves for flood control, irrigation, city and industrial water supply and electrical power

generation (http://www2.river.go.jp/dam/index.html).

Water sampling and chemical analysis

During a two year period (2006, 2007) river water was sampled seasonally (May, July, October

and December) at 9 stations in the Teshio river network. Seven of the sampling sites were

situated on the main stem (from the headwaters-st.1 downstream to st.7 near the estuary)

and the rest two sites were located at two of the main tributaries (st.8 at Kenbuchi River and

st.9 at Nayoro River). River water was sampled from the surface water column in the mid-

channel using a plastic bucket. Both the bucket and the sample polyethylene containers were

pre-rinsed with river water twice and then the samples were collected. Water temperature
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(Compact thermometer, Horiba Co. Ltd.,Japan), pH (Twin PH B-213, Horiba Co. Ltd., Japan) and

electric conductivity (Twin Cond B-212, Horiba Co. Ltd., Japan) were measured on site at each

station. Immediately afterwards they were cool stored and transported to the local laboratory

in Nayoro city. After freezing at -20 °C, samples were transported to the Sapporo laboratory

and thawed at room temperature. After pressure filtration through a 0.45 um membrane

Millipore filter (Millipore Corporation, Billerica, USA) the water samples were analyzed for

NOs-N, NO,-N, NH4-N and PO, using Flow Injection Analyzer (FI-5000V FIA, SNK, Japan). Stream

nutrient concentrations have shown to be more appropriate than nutrient loadings (Osborne

and Wiley, 1988), when the focus is on the water quality. That is why our data is reported as

in-stream concentrations (mg L™).

Land use

Land use data for the study area was obtained from the National and Regional Planning Bureau,

Ministry of Land, Infrastructure, Transport and Tourism, Japan based on National Land-related

Information (1997) Land-use 3rd mesh. The mapping resolution for this data is 100m. Based on

a Digital Elevation Model (50 x 50 m resolution; Geographic Survey Institute 1999), the sub-

catchment areas for each sampling station (i.e. the drainage area upstream each station) were

delineated and clipped onto the land use map. In the beginning the data included information
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from 11 land use categories (Fig. 2) and namely ocean, barren land, coast, forest, urban area,

farm land, paddy field, water body, roads, golf course and others. Because of their small area

the ocean, coast, water body, golf course and others categories were merged into class

“others”. Farm land and paddy fields were unified to a single “agriculture” class based on their

close characteristics. Finally we had 5 land use classes: forest, barren land, agriculture, urban

and others, which were used (except “others”) in the statistical analyses. We picked out the

total area of each land use type as the simplest metrics to characterize the landscape

(Rodriguez et al., 2007). Using ArcView 9.0 (ESRI Co. Ltd, Redland, CA, U.S.A.), the area of each

land use type within the sub-catchments and its percentage were calculated. Buffer analysis

was performed to extract the land use profiles in a 200 m zone along both sides of the river

within each sub-catchment and the percentages for each land use type were calculated

(Johnes and Heathwaite, 1997; Williams et al., 2005). This made possible the comparison

between the land use pattern at two spatial scales- sub-catchment and riparian. We used 1997

land use due to the data availabilities. The time lag between the land use and stream

chemistry may cause uncertainties for the actual land area in each land-use, but should not be

misleading for the general spatial pattern in the whole basin in our results.

Estimation of Residual N
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According to Mishima et al. (2001) the surplus nitrogen from the Japanese agriculture brings

potential of environmental risk for eutrophication of groundwater and river water. As an

estimation of the surplus nitrogen from farmland Mishima utilizes the term “residual nitrogen

(residual N)”, which is defined by the difference between the nitrogen inputs into a farmland

(manure, chemical fertilizers, nitrate from rain, irrigation and nitrogen-fixation) and the

nitrogen outputs through crop harvest, crop by-products and denitrification. By means of a

mass balance model using data in 1997 (Mishima et al., 2001) the residual-N amounts (MgN)

for the major areas in the Teshio basin were calculated.

Statistical analyses

One-way analysis of variance (ANOVA) was applied to compare the NO; —N means between

the sampling stations and between the sampling seasons. The similarity between land use

profiles for the riparian and sub-catchment scales was examined using correlation analysis. The

same was done for the sub-catchment profiles between all land use types. Again, Pearson

product-moment correlation coefficients for each sampling station were calculated between

the mean NOs-N concentrations and each land use type percentage to estimate the linear

relationships between water chemistry and landscape characteristics and pair-wise
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comparison among them was made. The grouping among the sampling stations according to

their water chemistry was investigated with the help of Hierarchical cluster analysis.

Results:

. River quality

During the investigated period, the water temperature varied from 0 °C in December to 24 °C

in July. In general, the upper reach stations (st.1 and st.2) showed lower values than the

middle and lower reach stations. This difference can be distinctly seen in summer (July months

during both investigated years). The EC ranged between 39 uS/cm at st.1 (headwaters) in May

2007 and 4,000 pS/cm at st.7 (estuary) in July 2006. Generally, EC had its peaks at the estuary

station (st.7), but other smaller peaks could be observed at st.3 in December (2006, 2007) and

July (2007). In all cases pH was within the values favorable for the aquatic organisms (6.5-8).

Higher pH was measured in July and lower during December for both years.

As for other rivers, NO3-N was the most abundant inorganic form of nitrogen in the Teshio

river water (Figures 3 and 4). NOs.N concentrations in the river water ranged between 0.08 mg

L™ at the estuary station (st.7) in July 2007 and 1.54 mg L™ at the upper reach station (st.2) in

October 2006. The lowest mean NOs-N concentration of 0.17 mg L was estimated for the

headwaters st.1. Then downstream up to st.3 the concentration increased abruptly and
14



reached its peak mean value (0.6 mg L™). Further down the peak station 3, the mean NO;s-N
values gradually decrease up to the estuary (0.38 mg L?, st.7) The NO;.N concentrations at st.2
also showed high values with the largest temporal fluctuation during the sampling period with
extreme maximums in May (2007) and October (2006,2007). Since these large fluctuations
decreased the significance of the statistical analysis for temporal and spatial NOs-N pattern for
this station, st.2 was excluded from all the statistical analyses (the reason for which is
discussed later). We applied one-way ANOVA to explore the spatial variation of NO3.N means.
It resulted in significant difference between the stations means (F; 53=2.466, p<0.05). Tukey-

Kramer HSD test showed that the mean of st. 1 is significantly lower than that of st.3 (p<0.05).

Basically, the seasonal pattern was governed by higher mean concentrations in October
and December and the lowest in July (Fig. 3). The mean NOs-N concentrations for the different
seasons were significantly different (F3 s;=12.269, p<0.0001) and as follows: May-0.3 mg LY,
July-0.2 mg L, October-0.6 mg L™* and December-0.54 mg L™*. All pairs Tukey-Kramer HSD test
denoted that the October and December means were significantly higher than those in May

and July (p<0.05).

NO,.N was present in the river water in very low concentrations averaging at 0.008 mg L™

Similar to NO3.N concentrations, higher NO,.N concentration values can be noticed at st.3.

15



Even though the NH,N and PO, concentrations were often below the detection limit some

peak NH4.N values were still detected at st.3 especially in December.

Estimation of Residual-N

The residual-N estimates for the headwaters area (around st.1) were as low as 108 MgN y™.

High residual-N values were found downstream in the upper middle reach area (close by st.3

and st.8), where the agriculture and especially paddy fields are well developed (reaching a

maximum at 1,113 MgN y™). In the lower reach region where less portion of agriculture is

concentrated near the stream, the residual-N values decrease to 77 MgN y. In the estuary

section (st.7 area) with extending farmland and pastures defined by the flat topography with

cool and wet climate a slight increase in estimated residual-N was located.

Land use profiles

GIS analysis at the sub-catchment scale showed that the major land use types in the Teshio

River watershed were forest (56-80 %), agriculture (0-31 %) and barren land (7-22 %) (Fig. 2),

which appears to be common for other river basins as well (Herlihy et al., 1998; Xie et al.,

2005). For the riparian zone, the percentages were only slightly different and as follows; forest

(41%-83 %), agriculture (0-45 %) and barren land (5-17 %). Riparian urban area was small (2 %),

but higher than the sub-catchment one (1%). Comparison of the land use profiles between the
16



two spatial scales showed an increase in the agricultural and urban area in the ecotone

riparian zone at the expense of decrease in forest and barren land, which illustrates the

tendency for anthropogenic activities to concentrate near the water course.

For the upper reach stations (st.1 and 2), the forest and barren land (i.e. natural land cover

types) spread over almost the entire landscape with negligible anthropogenic activities

(agriculture and urban less than 3% at st.2). A big change in the land use pattern is typical

around st.3, where forest was still the prevailing land use type, but the cultivation and

settlements increased significantly especially in the riparian zone (36 % and 2 % respectively).

Downstream the st.3 the land use analysis showed slightly varying and less human-impacted

profiles,; however in general the land use pattern remained the same with average of 19 %

(sub-catchment) and 31 % (riparian) for the agriculture. Opposite from the main stream the

landscape attributes between the two investigated tributaries contrasted within both spatial

scales. Particularly at the riparian buffer scale, the upper middle reach tributary (st.8) had the

highest agricultural percentage (45 %) for the entire study basin as opposed to the 18% of

agriculture for the lower reach tributary (st.9). On the contrary, the forest percentage for st.8

(41%) was much lower than the one for st.9 (37%).
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A comparison of the land use profiles between the entire sub-catchment and local riparian

zone by Pearson product-moment correlation analysis showed a significant correlation

between them (r=0.96, p<0.0001, n=43). In other words, the riparian buffer mirrored closely

the land use pattern of the sub-catchment scale as also reported for other river basins

(Johnson et al., 1997). As a consequence of this, further statistical analyses using each scale

produced almost identical outcomes and only the results using the sub-catchment scale will be

presented. A correlation matrix between each pair of land use types revealed that each of the

“natural” land uses (forest and barren land) are significantly and negatively correlated to the

anthropogenic land use types (agriculture and urban). A strong positive correlation(r=0.95,

p<0.001) also existed between the anthropogenic land use types themselves (i.e. between

agriculture and urban area).

Relationship between land use and water quality

The relationship between land use and NOs; N was determined by Pearson correlations.

Multiple comparisons among the calculated correlation coefficient showed that the highest

positive correlation was between the NOs N and the agricultural land in the sub-catchment

(r=0.92, p<0.01) (Fig.5). Similar was the magnitude of the NO;.N -urban area correlation

(r=0.86, p<0.01). Negative correlation was characteristic between the NO3;.N and the forest
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percentage (r=-0.86, p<0.01). Only the negative correlation with the barren land was

insignificant.

After one-way ANOVA showed significant difference between the NO;.N means among the

different sampling stations, we explored further the spatial pattern in NO3.N concentration

with the help of Hierarchical cluster analysis (Fig. 6). The analysis resulted in the formation of

three distinguished clusters. The headwater station (st.1) together with the lower reach

tributary (st.9) constituted the first cluster. The second cluster comprised of the upper middle

reach stations (st.3 and st.8). The rest of the middle and lower reach stations (st.4, 5, 6 and 7)

were combined in the third cluster.

Discussion:

The highest NO;.N concentrations were detected in the upper middle reach area (st.3 and 8)

which has the highest percentage of agricultural area. The cultures there are mostly paddy

fields and farmland, which are developed in the region because of the appropriate topography

and soils. Tabuchi and Ogawa (1995) discussed that rice fields often contribute to the NO3.N

(nutrients) concentrations in the receiving river ecosystems due to the large amounts of excess

fertilizer and waters released. Excess fertilization in farmland has also been shown to affect in-

stream conditions (Johnson et al., 1997, Osborne and Wiley, 1988). Most probably the
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agricultural practices in the st.3 and st.8 region were also associated with excess fertilizer

application as implied from their high values of residual-N estimates, which were washed into

the nearby river at the appropriate hydrological conditions. This resulted in an increase in the

aquatic NOs.N concentrations, which is threatening for the river ecosystem health (Matson et

al., 1997). Another fact that might contribute to the increased NO;.N in the upper middle reach

section is the spatial arrangement of the agriculture near the water course (O'Neil et al., 1997

cited by King et al., 2005) and the proximity of st3, in particular, to the confluence of the

tributary with highly developed agriculture (st.8) . Other water quality parameters such as

Electric conductivity, NO,-N and NH;-N also showed high concentrations at st.3, which

illustrated once again the strong agricultural impact on the water quality in this area (Johnson

et al., 1997). Downstream of st.3 the NO;.N concentrations slightly decreased in according with

the slight decrease in the agricultural and increase in the forest percentage.

Pasture land is widely spread in the large estuary plain of the Teshio River in conformity

with the lowland topography and soil. Interesting for this region is that the estimated residual-

N does not affect the river NO;.N concentrations the same way it affected them in the upper

middle reach, Possible mechanisms working towards decreasing the in-stream NO3N

concentrations in this area could be the river self-purification ability, which is supported by the
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increased retention time (slower water current) and the dilution caused by the large amounts

of water mass typical for the lower reaches. Another reason could be the great number of

wetlands in the estuary region, which also have water clarifying and retaining nutrients effect

(Johnston et al., 1990). Another important phenomenon detected for the estuary area (st.7) is

the strong influence of the sea. The mixing of sea water with the river fresh water, especially

profound in the summer (July), caused huge peaks in the dissolved salts concentration

(measured by electric conductivity).

According to the NOs.N data from the sampling period, st.2 had very unstable behavior.

Extreme peaks were detected in May (2007) and October (2006, 2007). The station was

suggested to be influenced by the lwaonai dam, which is situated several kilometers above.

The dates with abrupt NO3 N concentration maximums corresponded to zero discharges from

the dam; i.e. no water was released from the dam on these days, which caused the increase of

riverine NOs-N. During the rest of the sampling events there were normal water discharges

coming from the reservoir, which exerted a diluting effect on the aquatic NO;.N concentrations

at the below river station (st.2). Based on these analyses, it was suggested that the high

temporal fluctuation in NO;.N concentrations at st.2 was governed by the above reservoir

operation manner, which obscured the land use influence and reasoned the exclusion of st.2
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from the above-mentioned statistical analyses. The small peak of the water temperature

observed at this site could also be associated with the near dam effect.

Many researchers have reported that river chemistry is highly related to the land use

characteristics of the drainage area (Johnson et al., 1997; Maillard, 2007; Williams et al., 2005).

In accordance with previous researches (Basnyat et al., 2000; Harding et al., 1999), our results

showed that along the river water course, forested and lacking human impact headwater areas

contribute clean river water with low concentration of NOs-N, while the agricultural areas

downstream impact the river water quality with contributing water with increased NO3-N

levels. The main agricultural activities along the Teshio basin are rice and vegetable production

in the middle reach section and pastures in the downstream areas.

Even though the urban area portion is very low, it exerts a disproportionately large impact

detected by its high correlation with the NOs;-N concentration. The nutrient retaining and

water purifying function of the forest was suggested by the strong negative correlation

between its percentage and the NO3.N concentration.

In our study, the land use in the riparian zone had similar pattern with the land use in sub-

catchment, which led to their similar effect on the NO3.N spatial change. Possible explanation

for this resemblance is that the natural underlying template determines the respective land
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use. In other words, the land use is indicative for other environmental factors such as the

underlying topography, geology, soils and hydrology. As a result, the unique effect of the

riparian zone on the responsible variable remained indistinguishable from the sub-catchment

scale effects (Johnes and Heathwaite, 1997). Another reason for the similarity between the

riparian and sub-catchment land use might be the coarse resolution of the available land use

data.

Another spatial consideration that should be mentioned when interpreting the results is

the autocorrelation within the land use types. Usually, the different land use types are

summarized using percentages summing up to 100%, which inevitably leads to their inter-

dependence (King et al.,, 2005). As a result, several land use types may predict the stream

condition equally well (Herlihy et al., 1998). The same statement is applicable for our study.

Indeed, in the Teshio basin the increase of anthropogenic land use types - agriculture and

urban- led to the decrease of the “natural” forest and barren land types; i.e. they had a

negative correlation. Thus the effect on NO;.N concentrations should be shared between both

these factors (Strayer et al., 2003).

Most of the studies dealing with the land use-river condition relationship contrast varying

extents of agricultural, urban and natural land (Rodriguez et al., 2007). On the contrary, the
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Teshio basin did not have a steep land use gradient and the agricultural land use is around 20%

for most of the river landscape. On the other hand, Fitzpatrick (2001) cited by Allan (2004)

described that a decline in fish IBI occurs at >30% agriculture in the catchment and only 10 %-

20 % for the riparian buffer area. In the Teshio River basin most of the land use profiles at the

riparian buffer scale had much higher percentage of agriculture than the designated by

FitzPatrick (2001), with an average of 31 %, and having its peak-45 % at st.8. This high

agriculture percentages that we ascertained together with the forest decrease reported for

Hokkaido from other authors as well (Nakamura and Yamada, 2005) is already threatening the

ecosystem services like provisioning habitat for salmon (Inoue et al., 1997).

Significantly higher October and December values along with the lowest values detected

in July define the seasonal pattern of NO3-N concentration in the study area. Surface runoff is

the major source of non-point pollution which makes hydrology the leading factor controlling

the linkages between a drainage basin characteristics and in-stream condition. During high

precipitation runoff periods a strong hydrologic connectivity exists between the landscape and

the river flowing through it, which makes the effect of land use more evident (Johnson et al.,

1997). For the present study, such high run off periods were the October and December

months which had significantly higher NO;.N concentrations. The reason for this most likely is
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the flushing of excess fertilizers, mineralized organic matter (plant die back), and the low

biological activity typical for this season (Bellos et al., 2004). Low water flow in December,

when most of the precipitation is snow, may explain the increase of aquatic NOs;.N

concentrations in winter. The spring snow-melt run off, which may wash out over-wintering

products could explain the higher May than July NOs;.N concentrations. Similarly to previous

studies that attributed the low inorganic N concentrations during the growing season to the

more active bioprocesses of vegetation uptake and denitrification in soil, streams and riparian

zones, the Teshio River's low July NOs-N levels can also be partially due to the same

phenomenon (Arheimer and Liden, 2000) together with the low precipitation.

The results from the station clustering according to their mean NO3;.N concentrations

illustrated once again the connection between the river chemistry and agricultural activities (or

forest decrease). The areas with the most intensive agriculture, consequent high residual-N

and NOs-N values- st.3 and st.8 formed the first cluster. The second cluster combined the

stations with the cleanest water (st.1, st.9-low residual-N and NO;.N level), which correspond

to their “natural” landscape. All the other middle and lower reach stations (st.4, 5, 6 and 7)

comprise the third cluster, united by their moderate anthropogenic impact and consequent

moderate nitrogen levels.
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Conclusion:

Based on our results we can conclude that there is a strong relationship between the

riverine NOs-N concentration and the land use pattern in the Teshio River watershed.

The increased agriculture and reduced forest cover were associated with increase in

the NOs-N concentration in the river water. The land use profiles of the riparian buffer

in the Teshio River basin closely reflected those of the sub-catchment spatial scale.

This masked the unique effect, which the riparian zone exerts on the river ecological

condition. In the upper reach, another type of anthropogenic activity-a dam operation

manner strongly influenced the river water quality at the station several kilometers

below the dam. Our study showed that the agricultural development in the Teshio

River is critical for the river ecosystem condition and services. Measures towards

sustainable and more nature-friendly agricultural management are necessary to

secure the conservation of the Teshio river ecosystem and the related ecosystem

services.
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Figures legends:

Figure 1. Teshio basin: the numbers denote the number of each sampling station;

Figure 2. Teshio basin land use pattern. Forest is the predominating land use type. Agriculture
is concentrated near the water course and in the upper middle and lower reach of the river

network.

Figure 3. Bar chart showing the seasonal change in the mean NOs-N concentration. The
October and December concentrations were significantly higher than the rest of the sampled
months.

Figure 4. Boxplot of NO3-N concentrations at all sampling stations. The boxes limit the first and
third quartile, notches give the idea of the 95% confidence intervals for the difference
between two neighboring medians, whiskers depict the values within 1.5 times the hinges.

Circles are outliers.

30



Figure 5. Relationship between the in-stream NO3-N and agriculture percentage in the

drainage area. The outlier is the unstable st.2, which was excluded from the statistical tests.

Figure 6. Cluster dendrogram showing the grouping of stations according to their mean NOs-N
concentrations. The numbers denote the station number. The upper cluster constitutes of st.1
and st.9, which are the least anthropogenically impacted, middle cluster-st.3 and st.8 -
presenting the areas with highest human influence, and the lower cluster includes the

remained moderately impacted middle and lower reach stations - st.4, st.6, st.5 and st.7.
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